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CHAPTER

INTRODUCTION

1-1. Background. Military facilities for the
Army and Air Force have included construction of
buildings and other structures partially below ground
surface. In more recent years, missile launching and
support structures, fallout and blast-protection shel-
ters, and command-control centers have been con-
structed below ground surface. Many of these struc-
tures were constructed using cut-and-cover procedures
and required backfilling within confined areas using
various types of soil.

a. Numerous deficiencies in backfilling operations
occurred in some of the earlier missile-launch con-
struction programs and caused conditions that jeop-
ardized the proper functioning of those structures.
Measures to correct deficiencies were both time con-
suming and costly. It was recognized that critical areas
must be delineated and the causes of the deficiencies
be determined and corrected.

b. Measures were taken to alleviate the overall back-
filling problems. These measures were progressive
modification of design and configuration of structures,
more detailed instructions to the construction person-
nel, and close control during construction to ensure
that proper construction practices were being fol-
lowed.

(1) Some of the problem areas were eliminated by
modification of design and configuration of structures
to allow easier placement of backfill and to permit ac-
cess of compaction equipment so that required
densities could be achieved.

(2) Construction personnel were issued more de-
tailed field directives covering some of the particularly
difficult phases of backfill placement.

(3) Inspector training programs were conducted to
point out critical areas and emphasize proper backfill
procedures and the need for continuous surveillance
and close control.

¢. The advent of energy efficient structures, partial-
ly embedded below ground level, had increased the use
of backfill. In addition, the ever increasing need for
fuel conservation requires maximum use of all exca-
vated or onsite materials for backfill to reduce fuel
needed for hauling in better materials from offsite.
Thus, innovative planning and design and good con-
struction control using rapid check tests are impera-
tive for all backfill operations.

1-2. Purpose and scope. This manual is for the
guidance of designers, specification writers, and es-
pecially field personnel engaged in designing, plan-
ning, and conducting earthwork operations around
major deep-seated or subsurface structures.

a. The greatest deficiencies in earthwork operations
around deep-seated or subsurface structures occur be-
cause of improper backfilling procedures and inade-
quate construction control during this phase of the
work. Therefore, primary emphasis in this manual is
on backfilling procedures. Design and planning con-
siderations, evaluation and selection of materials, and
other phases of earthwork construction are discussed
where pertinent to successful backfill operations.

b. Although the information in this manual is pri-
marily applicable to backfilling around large and im-
portant deep-seated or buried structures, it is also ap-
plicable in varying degrees to backfilling operations
around all structures, including conduits.



TM 5-818-4/AFM 88-5, Chap. 6

CHAPTER 2

PLANNING AND DESIGN OF STRUCTURES AND

EXCAVATIONS TO ACCOMMODATE BACKFILL OPERA

TIONS

ated or minimized through proper
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perations, Recognition and

conmderatxon must be given in planning to design fea-
tures that will make backfilling operations less diffi-
cult to accomplish. Examples of problem areas and
how forethought in design and planning can help to
eliminate backfill deficiencies are presented in the fol-

lowing paragraphs.

2-2. Effect of excavation and structural
configuration on backfill operations.
Some of the problems encountered in earthwork con-
struct;lon are related to the excavation and the conngu-
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r’s responsibility to recognize
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hese problems and to t ake the necessary measures to
n the backfill operations.
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a. Open zones. An open zone is defined as a backfill
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area of sufficient dimensions to permit the operation
of heavy compaction equipment without endangermg
the integrity of adjacent structures around which com-
pacted backfill operations are conducted. Figure 2-1
shows examples of open zones. In these zones where
1arge compacmon equipment can operate, it is general-
obtain the desired density i

roper backfill procedure
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used. For areas that can be economically compacted by
heavy equipment, the designer can avoid problems by
including in the design provisions sufficient working
space between structures or between excavation slopes
and structures to permit access by the

venng room, the designer must also consider any ad-
verse loading caused by the operation of heavy equip-
ment too close to structure walls, as discussed in para-
graph 2-3d.
b. Confined zones. Confined zones are defined as
areas where backfiii operatlon are restncted to the
5 £
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sive soil pressures that could damaze the structure.
Most deficiencies in compacted backfill around subsur-

face structures have occurred in confined zo

required densities are difficult to achieve because of
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effort of equinment that is too lichtweight. The
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small equipment to achieve required comDactlon is
also more expensive than heavy equipment since thin-
ner lifts are required. However, because small compac-
tion equipment can operate in spaces as narrow as 2
feet in width such equipment is necessary to achieve
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assocmted with dlfﬁcult to reach confined zones,
which are created by structural shapes obstructing the
placement and compaction of backfill, by considering

the impact of structural shape on backfill operatlons
In most cases, structural shapes and configurations
nan ko
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ture,

(1) Curved bottom and wall structures. Areas be-
low the spring line of circular, elliptical, and similar
shaped structures are difficult to compact backfill
against because compaction equipment cannot get un-
der the sprmg une if possmle structures should be de-
mgueu Wlbll Luuuuuuumy Cuiveu waliid allu iial 11vuuld
in an igloo-shaped structure. For structures

curved bottom is required to satisfy the in-
tended function, it may be adwsable for the designer
to specify that a template shaped like the bottom of
the structure be used to guide the excavation below the
spring line so that uniform foundation support will be

n
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provided.
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(4 i
ariable shaped walls and complex configurations in
plan and number of levels. These structures can also be
sunple structures interconnected by access shafts, tun-
nels, and utility conduits. Because of their irregular
shapes and configurations the different types of struc-
tures significantly increase excavation and backfiil

pro blems.
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atenned multilevel sfnwhlrps and multichambered
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structures with interconnecting corridors (fig. 2-3).
Complex structures are generally more difficult to

2-1



compact backfill around and are more likely to have
settlement problems (para 2-3g). Although the multi-
level step structure (fig. 2-3a) is not particularly diffi-
cult to compact backfill around, at least for the first

ture will generally require the use of smalil equipment.
Small equipment will also be required for compaction
of backfill around and over the access corridor and be-
tween the two chambers (fig. 2-3b). Where possible,
the design should accommodate intended functions
into structures with uniformly shaped walls and a sim-
ple configuration.

(b) Where structures of complex configurations
are necessary, construction of a three-dimensional
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would be difficult to place and compact backfill.

d. Service conduits. Since compaction of backfill is
difficult around pipes and conduits, utility lines should

2-2

where feasible rather than allowed to form a haphaz-
ard maze of pipes and conduits in the backfill. Utility
lines should be run either horizontally or vertically
wherever possible. Plans for horizontally run appur-
tenances, such as utility lines, access tunnels, and

Llaad Aalaw tihing chanld ha anandinaéad arith tha aw,
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cavation plans so that wherever feasible these anpur-
1 plans so that wherever feagible these appur

tenances can be supported by undisturbed soils rather
than by compacted backfill.

e. Excavation plans. The excavation plans should be
developed with the backfill operations and the struc-
ture configurations in mind. The excavation and all
completed structures within the excavation should be
conducive to good backfill construction procedures,

and access should be provided to all areas so that com-
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an be used. The nlans for excavation should also nro-
. uld also pro
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vide for adequate haul roads and ramps. Positive exca-
vation slopes should be required in all types of soil de-
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Figure 2-2. Confined backfield zones.
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posits to facilitate compaction of backfill against the
slope and to ensure good bond between the backfill and
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the excavation awpes Loose material should be re-
moved from the excavation slopes; in some cases,
benches may be required to provide a firm surface to
compact backfill against.

f. Lines and grades. Care should be exercised in
planning lines and grades for excavation to ensure
that uniform, adequate support is provided at the
foundation level of important structures. Generally,
foundations consisting of part backfill and part undis-
turbed materiais do not provide uniform bearing and
should be avoided wherever possible. The foundation
should be overexcavated where necessary, and back-
filled with compacted select material to provide unif-
orm support for the depth required for the particular
structure. Where compacted backfill is required be-
neath a structure, the minimum depth specified should

be at least 18 inches.

g. Thin-walled metal structures. Thin-walled, corru-
gated metal structures are susceptible to deflections of

cbriodiiinc] oo wohas cahioatad b0 hoalef
structural walls when subjected to backfill loads. Ad-

verse deflections can be minimized by planning b back-

fill operations so that compacted backﬁll is brought up
evenly on both sides of the structure to ensure uniform
stress distribution. Temporary surcharge loads applied
to the structure crown may also be required to prevent
vertical distortions and inward deflection at the sides.

2_2. Raclkfill Prnhlnm areas. Other features

& wweswsewese s S arswrEss wwe weses wwiilld JTALUL

that have the potential to become problem areas are
discussed in the following paragraphs. These potential
problem areas have to be considered during the plan-
ning and design phases to minimize deficiencies in

o011

structure pertormance associated with backfill place-
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a. Settlement and downdrag. In the construction of
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underground structures and particuiarly missiie-
launch-site facilities, tolerances to movement are often

considerably less than those in normal construction.
The design engineer must determine and specify allow-
able tolerances in differential settlement and ensure
that differential settlement is minimized and/or ac-
commodated. Settlement analysis procedures are out-
lined in TM 5-818-1/AFM 88-3, Chapter 7. See ap-
pendix A, References.

(1) Critical zones. Critical backfill zones are those
immediately beneath most structures. Consolidation
and swelling characteristics of backfill materials
should be thoroughly investigated so that materials
having unfavorable characteristics will not be used in
those zones. Some settiement can be expected to take

m ha maimimaioa A he mamiiming o highan

t can be minimized Oy requiring a nigner
n pormal comnacted densitv for the har'lrf’“ Cohe-
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to 4 percentage points below optimum may resuit in
large settlements caused by collapse of nonswelling

anil matarinl Ar haauva Af cuwallina matariale 11nan cat-
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uration after construction. Compacting cohesive back-
fill material at optimum water content or slightly on
the wet side of optimum generally will reduce the
amount of settlement and swelling that would occur.
The reduction should be confirmed by consolidation
and swell tests on compacted specimens (para 3-2b(4)).

\41 Service conduits. Settlement within the back-
fill around structures will also occur. A proper design
will allow for the estimated settlement as determined
from studies of consolidation characteristics of the
compacted backfill. Where service conduits, access cor-
ridors, and similar facilities connect to the structure
oversize sleeves, flexible connections and other protec-

uve measures, as upprupnuw, umy UC useu LU pr CVCHL

damage within the structure.

(3) Differential settlement. Complex structures
are more susceptible to differential settlement because
of the potential for large variations in loads carried by
each component foundation. In the multilevel stepped
structure (fig. 2-3a), the foundation supporting the
lower level offset component must also support the

volume of backfill over that part of the structure.
Measures must be taken to ensure that the proper
functioning of all elements is not hampered by dlffer-
ential settlement. The increased cost of proper design
and construction where unusual or difficult construc-
tion procedures are required is insignificant when
compared with the cost of the structure. The cost of re-
medial measures to correct deficiencies caused by im-
proper design and construction usually will be greater
than the initial cost required to prevent the deficien-
cies.

(4) Downdrag. In addition to conventional service
loads, cut and cover subsurface structures are suscepti-
ble to downdrag frictional forces between the struc-

ture and the backfill that are caused uy scl.ucmcm, of

the backfill material adjacent to and around the struc-

ture. Downdrag loads can be a significant proportion
of the total vertical load acting on the structure and
must be considered in the structure settlement analy-
sis. Structure-backfill friction forces may also generate
significant shear forces along the outer surface of
structures with curve-shaped roofs and walls. The
magnitude of the friction forces depends upon the type
of backfill, roughness of the structure’s surface, and
magnitude of earth pressures acting against the struc-
ture. Techniques for minimizing downdrag friction
forces generally include methods that reduce the struc-
ture surface roughness such as coating the structure’s
outer surface thn aspnalt or sanaw1cnmg a layer of

[Py FEPS i PN 42 em S 4 aee s Iy mrad e
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settlement and associated downdrag can also be mini-
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Figure 2-4. Excavation subject to bottom heave
mized by requiring higher backfill densities adjacent mized by adequate planning and implementation of
to the structure. groundwater investigations.
b. Groundwater. Groundwater is an important (2) The posmbihty of hydraulic heave in cohesive
consideration in planning for construction of subsur- material must also be investigated to ensure stability
facp structures. If seepage of groundwater into the ex- of the excavation floor. Hydraulic heave may occur

operations will be extremely difficult. The ground-
water level must be lowered sufficiently (at least 2 to 3
feet for g'ranular soils and as much as 5 to 10 feet for

eeemd 1.

Ime-gralnecl sous below t,ne lowest ev
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or comp iction equipment may pump seepaz
water through the backfill, or the initial backfill layers
may be difficult to compact because of an unstable
foundation. Since the proper water content of the

backfill is essential f'or achieving proper compaction

tion during backfilling operations is mandatory.
Figure 3-14 of EM 1110-2-1911 shows a method for
dewatering rock foundations.

(1) The contractor is generally responsible for the
design, installation, and operation of dewatering
equipment. The Corps of Engineers is responsible for
specifying the type of dewatering system and evaluat-
ing the contractor’s proposed dewatering plan. Since

the dual responsibility of the contractor and the Corps
ra

a Hmrmmh understanding of groundwater
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inadequate dewatering efforts can be mini-

where an excavation overlies a confined permeable

stratum below the groundwater table (fig. 2-4). If the
ceemcccmeed Lo din i h A e mczzaen mdiee e ~d Al Loddnen O
upward IlyarostauiC pressure aCuiilg ai uie ool ol
the confining layer exceeds the weight of overburden
hotwe en the bottom of the xcavatlo and the confm-

even though the design of the dewatering system is
adequate for control of groundwater into the excava-
tion. To prevent heave, the hydrostatic pressure be-

neath the confined stratum musi be relieved.
IO Quliccesfone cdwmcndssmann lanandad t3oe sansd A
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dwater table require permanent pro

oundwater seepage. The type of pro-
tectlon may range from simple unpermeable barriers
to complex permanent dewatering systems.

(4) Dewatering and groundwater control proce-
dures are described in TM 5-818-5/NACFAC
P-418/AFM 88-5, Chapter 6.

-
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¢. Gradation and filter criteria for drainage materi-
als. Groundwater control is often accomplished by
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ditches positioned to intercept the flow of groundwa-

ter and filled with permeable granular material.

water is generally collected in perforated pipes located
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at the bottom of the ditch and pumped to a suitable
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discharge area. Such drainage systems are referred to
as filter drains. The gradation of the granular filter

material is critical for the functioning of the svstem

SASTVTS TS 20 LaatalGl 2TL UAIT AMAIULaallllp Vi AU TySvwail.

Selection of the proper gradation for the filter materi-
al is dependent upon the gradation of the material that
is being drained. Drainage of silts and clays usually re-
quires a graded filter made up of several layers of
granular material with each iayer having specific re-

rrtmaa nmmbos o sn neriorziiee enlim adtea asmd na dodiae T

quireimenvs 10r maximum grain size ana graaation. ve-

tails on the design of filter drains are presented in TM
5-818-5/INAVFAC P-418/AFM 88-5, Chapter 6.

(1) Selected material. If materials at the jobsite do
not meet the designed filter requirements, select ma-
terial must be purchased from commercial sources and
shipped to the jobsite. Filter material must be stock-

ucu uu,uruun w rauﬂ.la.lun I.' Or graaea Il lte Sys
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mize mixing of individual components.

(2) Filter cloths. Both woven and nonwoven filter
cloths, which have been found satisfactory for use as a
filter media for subsurface drains, are available. When
granular filter materials are not economically

available, a single wrap of filter cloth around a pipe
mav }\D IIﬂAf‘ ;ﬂ ]'lﬂl‘ I\P nNnaraar ‘\ﬂﬁl’“‘]l “n\nn
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available granular filter material is too coarse to satis-
fy filter criteria for the protected soil, a single layer of
filter cloth may be used adjacent to the protected soil.
To reduce the chance of clogging, no filter cloth should
be specified with an open area less than 4 percent and
or equivaient opening size (E0S) of less than the No.

s Araninoa an lowga
100 sieve (O 0059 iﬁCh} A cloth with upexuugb as 1arge

as allowable should be specified to permit drainage
and prevent clogging. Additional information on air-
field drainage is contained in TM 5-820-2/AFM 88-5,
Chapter 2.

(3) Other uses. Filter cloth can also provide pro-
tectlon for excavated slopes and serve as a filter to pre-

nnnnn Al £imn punimad anila A el and

vent pnplug 01 1ine-grainea soiis. In one projecy, sand
was not available for backfill behind a wall and coarse
gravel had to be used to collect seepage. The filter
cloth used to protect the excavated slope served as a
filter against piping of the natural silty clay under
seepage gradients out of the excavated slope after the
coarse gravel backfill was placed.

d. Earth pressures. The rationale design of any
structure requires the designer to consider all loads

al.uug on the structure. In addition to normal earth

A dis.
pressures associated with the effective presdsure dis-

tribution of the backfill materials, subsurface cut-and-
cover structures may also be subjected to surcharge
loads caused by heavy equipment operating close to
the structure and by increased permanent lateral earth
pressures caused by compaction of backfill material
with heavy equipment. Procedures for predicting nor-

£fants
mal earth pressures associated with the effective pres-

gure of backfill materials are discussed in T™™
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5-818-1/AFM 88-3, Chapter 7, EM 1110-2-2902,
and EM 1110-2-2502.

(1) Exact solutions for surcharge earth

generated by heavy equipment (or other surcharze
loads) do not exist. However, approximations can be
made using appropriate theories of elasticity such as
Boussinesq’s equations for load areas of regular shape
or Newmark’s charts for irregular shaped load areas as
given in NAVFAC DM-7. As a conservative guide,
heavy-equipment surcharge earth pressures may be
minimized by specifying that heavy compaction equip-
ment maintain a horizontal distance from the struc-
ture equivalent to the height of the backfill above the
structure’s foundation.

(2) Compaction-induced earth pressures can cause
ignificant increase in the permanent lateral earth

a si
1 1N AF 4+ (63
pressures actm“‘g on a vertical wall of a structure \1ig.

-5a). This diagram is based on the assumption that
the equipment can operate to within 6 inches of the
wall. Significant reductions in lateral pressures occur
as the closest allowable distance to the wall is in-
creased (fig. 2-5b). For an operating distance 5 feet
from the wall, the induced horizontal earth pressure is
uch less than that caused by the backfill. The magni-
udp of the increase in lateral pressure is dependent,

among other factors, on the effectlve weight of the
compaction equipment and the weight, earth pressure
coefficient, and Poisson’s ratio of the backfill material.
Compaction-induced earth pressures against walls are
also described in TM 5-818-1/AFM 88-3, Chapter 7,
and EM 1110-2-2502.

(3) The designer must evaluate the economics of
the extra cost of structures designed to withstand very
close-in operation of heavy compaction equipment
versus the extra cost associated with obtaining re-
quired compaction of backfill in thin lifts with smaller
compaction equipment. A more economical alternative

V.Y I I, [ " | P
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(4) One method of reducing lateral earth pres-
sures behind walls has been to use about 4 feet of un-
compacted granular (sand or gravel) backfill above the
base of the wall. Soil backfill can then be compacted in
layers above the granular backfill. Compression of the
granular material prevents the buildup of excessive

aanrac acaingt tha wall
lateral ?rewuxvc &gainst une wau.
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e. Structural backfill. Structural backfill is defined
a Al o A awnind o

as the csmpa-.tcd backfill xcquﬁ"cd OVer ana arouiia a
structure to prevent damage from heavy equipment
operating over or near the structure. This backfill
must be compacted using small compaction equip-
ment, such as mechanical rammers or vibratory-plate
compactors, or intermediate size equipment such as
walk-behind, dual-drum vibratory rollers. The hori-

mamdal amd cramdinanl Aisdacnns Loan e A £
ZOliva1 ana verucai aisvances irom ule structure 1or
which structural backfill is required should be deter-
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Figure 2-5. Excess lateral pressure against vertical walls induced by compaction.
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mined from estimates of loads acting on the structure
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A 2-foot cover over small utility conduits and pipes is
adequate protection where proper bedding procedures
are followed. The minimum cover requirements over
larger diameter (6 inches or greater), rapid and flexible
pipes are presented in appendix II of TM 5-820-
4/AFM 88-5, Chapter 4.

f. Slopes and bracing. Where open excavation is
pianned, consideration shouid be given to the siopes to

wrhin a vwantawiala n amantimbanad anm ha ased o
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remain stahle, The stahility analysis should include
the strength of the materials, groundwater conditions,
and any surcharge load that may be imposed as the re-
sult of stockpiles being placed or equipment operating
near the crest of the excavation. Slope stability evalua-
tion procedures are described in TM 5-818-1/AFM
88-3, Chapter 7. Shoring and bracing should be used
to support excavation slopes where it is not feasible to
excavate to stable slopes (TM 5-818-1/AFM 88-3,
Chapter 7). Requirements for shoring and bracing
safety are presented in EM 385-1-1.

8. Bedding for curved-bottom structures. Founda-
tions for pipes, conduits, access tunnels, fuel and wa-
ter storage tanks, and other curved-bottom structures
constructed within the backfliil are considered critical
zones that require special attention. Any bedding ma-

famn] nunr‘ nhnn]r‘ ]nn frm n"‘ cfnnan or nthar laraa narti
va AT VViivai iQa 6 ym v

cles that would lead to nonuniform bearing. One of the

most important functions of any bedding procedure is
to provide firm support along the full length of the
structure. For areas where it is difficult to perform
field density control tests because of limited working

Space, a proceuu‘re to ensure mat proper compacuon 18

Ahfun‘\nﬂ munet ha MHIA‘YAA Qanoro] mathnads Af ~h
AU MIUDY VT Tl T VTLIAL LUTUIVUD VL VU

taining adequate beddmg are discussed in paragraph
5-1c (2).

h. Cold weather construction. Cold weather can

have a very adverse effect on backfilling operations
and can cause considerable delay. If possible, the proj-
ect should be planned to complete backfilling opera-
tions prior to any extended period of freezing tempera-
tures. The contractor and the resident engineer must
keep up W date with weather data so that the con-
tractor can plan the equipment and construction force
required to meet the construction schedule and to pro-
tect the work already accomplished.

(1) The designer must establish definite limita-
tions and requirements regarding placement of back-
fill when the ambient temperature is below freezing.
Most inorganic soils, particularly silts and lean clays,

santaining 2 narnant huy waicht ar mara Af nawtinlaas
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finer than 0.02 millimetre in diameter are frost sus-
ceptible. Such soils, when frozen in the presence of an
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available source of water, develop segregated ice in the
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loss. The expansion of the soil mass resulting from ice
segregation is called frost heave. Frost heave of soil
under and against structures can cause detrimental ef-
fects, which can be compounded during subsequent
thawing by differential movement, loss of density, and
loss of shear strength. Soils of this type should not be
placed during or immediately prior to freezing
temperatures and must not be placed in critical areas,
Nonfrost susceptible soils should be used at the
finished grade to the depth of frost penetration when
the finished grade serves as a load-bearing surface.
(2) Additives, such as calcium chloride, can be
sed to lower tne freezing temperature of sou water,

u
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action and water content reauirements, 'thrnfnrn
pactiion ang equirement, nereigre

additives must not be used without prior mvestlgatlon
to determine their effect on compaction and water con-
tent requirements. Dry sand or sand-gravel mixtures
can be placed satisfactorily when temperatures are be-
low freezing without serious effects.

(3) Protection must be provided for in-place

"+ konlrft" ~|n nm’wno] ovaoe nnnl\ f“n\nn
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permanent tical ar such as
around and under structures and embedded items al-
ready placed. To preclude structural damage from pos-
sible frost heave, backfill materials around such struc-
tures should be insulated with a protective covering of
mulch, hay, or straw. In some instances, loose lifts of
soll can be used for insulation. However, rock or sand
is tco porous to pi"G'v'idc ouffiCieut J.unulutxuu aud too
permeable to resist water penetration. If soil is to be
used as an insulating material, a material completely
foreign to the permanent fill, such as straw or building
paper, should be laid down prior to placement of the
insulation fill so that there will be a marked distinc-
tion between the permanent and the temporary insula-
tion fills. In this way, when the insulation fill is re-
maved the strinnine limitas can he readilv diararned

222V VUNRY Vaal Wvaap praiim assiii i Vit WU 4 VAL MRADVUA AU

(4) Floodmg of the excavation has also been used
successfully to prevent frost penetration of the in-
place permanent backfill. However, consideration
must be given to possible detrimental effects of
saturating in- piace backfiil and 'the delay of removing
the water at the ueginmng of the next comstruction
season if it freezes into a solid mass of ice.

(5) Concrete walls and floors of completed struc-
tures provide poor insulation for the fill around and
beneath these structures. Therefore, these structures
should be enclosed as much as possible and kept closed
during the winter when construction is halted because
of adverse freezing weather. Reinforcing steel protrud-

ine fram o nartialle anmnlatad atmantizna will anndiaad
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cold through the concrete and increase the rate and

depth of frost penetration beneath the structure.

N—



Every effort should be made to schedule construction

that this condition will be kept to a minimum, and
protection must be required where necessary.

i. Seismic zones. The design considerations for sub-
surface structures subjected to dynamic loads caused
by seismic activity or explosive devices are beyond the
scope of this manual. Design details are provided in
T™ 5-818- llAF M 88 3 Lhapter 1, and ER
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sands and gravel. Where these materxals are used as
backfill, the potential for liquefaction can be mini-
mized by requiring a hlgh degree of compaction,
partlcularly in crmc rea

]
A8
&
=
cu
[}
"
(2
=
4
+ U
n T
~
p
=]
o
=]

[=e

)
=)
W

-
-
.

2-4. Instrumentation. For important struc-
tures of umque des1gn or for structures where the po-
tential for postconstruction distress exists, instrumen-
tation of the structure should be considered. The in-
strumentation program may include monitoring the

‘n ___,_A_.___L AL s S

amount and rate of sett lement, m

walls and other structural elements, development o
stresses witum t..e structure, and development of hy-
dro tatic an rth nressures against the structure.

sumptions and indicate what measures must be taken
to relieve or correct undesirable conditions before
distress develops Information of this nature can aiso

be of SInglcant value in future design and construc-

¢ requirements for instru
- +ha nn
.

D
CL-

are ru geuness, xeuabihty over the project
service liie, and simplicity of construction, installa-
tion, and observation. Other important considerations

in selecting the type of instruments are cost and
availability. Manufacturers of devices considered for
installation should be asked to provide a list of projects
on which their devices have been installed, and previ-

R,

ous users of new eqmpment should be contacted to as-

Alas memnca bl e mmran .«.“. Ao

certain their operating experiences.

stalling and observing the instrumentation.

(1) Schedules for observations are generally estab-
lished by the design office. Initial observations should
be checked to assure their validity and accuracy, since

TM 5-818-4/AFM 88-5, Chap. 5

these readings usually form the basis to which subse-
quent observations are related. Observations should be
plotted immediately after each set of readings is taken
and evaluated for reasonableness against previous sets

of readmgs In this way, it is often possible to detect

SN R I, Wi, I LIVIYNE 2050 JIEVey

errors in readings and to obtain Cneck reaaings veiore
gignificant changes in field conditions occur.

Slslull.bul.lb Lllallgco

(2) EM 1110-2-1908 discusses in detail various
types of instrumentation devices; procedures for in-
stallation, observation, and maintenance; collection,
recording, analysis, and reporting of data; and possible

source of error and causes of malfunctions.

2-5. Optimum cost construction. The de-
signer should consider all details of the construction
process to ensure a safe and operational facility at the

lowest possible cost.

a. Energy requirements. The consideration of ener-
gy requirements is important not only for economical
reasons but also for the critical need to conserve ener-
gy wherever possible. It should not be the intent of the
desug'n engineer to unduly restrict the competitiv
ture of current contractural procedures. Nevertheless
there are cer fnln alternatives that the designer mav

VIAULT Qi

specify that potentially could lead to more energy effi-
cient construction with cost saving being reflected in
bid prices. Some of the possible alternatives that
should be considered are discussed below.

(1) Sources of suitable select backfill material

should be located as close to the project site as possi-
ble. The source may be either a borrow area or a com-
mercial vendor,

auling routes to and from the source of back-
fill and the project site should follow the most direct

(3) Only compaction equipment that will compact
the spemflc backtiu to the reqmred densny in an effi-

rior to constructlon

(4) If possxble material from excavations or with-
in the immediate vicinity of the project site should be
used as backfill, even though such material may be
marginaiiy suitable. The engineering characteristics of
marginal material may be enhanced by the use of addi-

tives (para 3-3d).

(5) The energy requirements for adequate cold

\U] 2iaT Vailap AT VL ek

weather protection of construction personnel and
structures can be considerable. For project sites sub-
ject to seasonal cold weather, construction should not,
if possible, be scheduled during extreme cold weather
periods.

b. Value engineering. Potential cost savings may be
realized by encourag'ing the contractor to participate

in value engineering, whereby the contractor shares

a_oO
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any project saving derived from realistic cost-saving
suggestions submitted.
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(2

EVALUATION, DESIGN, AND PROCESSING
OF BACKFILL

ATERIALS

3-1. General. The evaluation, design, and proper
processing of backfill materials are extremely impor-
tant phases of the preconstruction operations. The
purpose of the evaluation phase is to determine the en-
gineering characteristics of potential backfill materi-
als. The design phase must take into account the engi-
neering characteristics required of the backfill and
specify materials that, when compacted properly, will
have these characteristics. Proper processing of the
backfill material will ensure that desirable engineering
characteristics will be obtained as the material is

placed.

3-2. Evaluation of backfill materials.
Evaluation of backfill materials consists of explora-
tion, sampling, and laboratory testing to determine
the engineering characteristics of potential backfill
materials. Detailed instructions for exploration, sam-
pling, laboratory testing, and foundation design are
presented in TM 5-818-1/AFM 88-3, Chapter 7. How-
ever, to emphasize the need for an adequate investiga-

tion, some aspects of planning and investigation that

should be considered are discussed in the following
paragraphs.

a. Field exploration and sampling. Field exploration
and sampling are extremely important to the design of
foundations, selection of backflll and planning for
construction. A great amount of material will be avail-
able from required excavations, and the investigation
for foundation conditions should include the sampling
and evaluation of these materials for possible use as
backfill. Where an adequate volume of suitable back-
fill cannot be obtained from the construction excava-
tion, the exploration and sampling program must be
expanded to find other sources of suitable material
whether from nearby borrow areas or commercial
sources.

(1) The purpose of the investigation is to delineate
critical conditions and provide detailed information on
the subsurface deposits so that proper design and con-
struction, including backfilling operations, can be ac-
complished with minimum difficulty. Thus careful
planning is required prior to the field exploration and
sampling phase of the investigation. Available geo-
logic and soil data should be studied, and if possible,
preliminary borings should be made. Once a site has
been tentatively selected, orientation of the structure
to the site should be established. The engineer who

plans the detailed field exploration program must
have knowledge of the structure, i.e., its configuration
and foundation requirements for design loads and set-
tlement tolerances. The planning engineer should also
know the type and quantity of backfill required. The
importance of employing qualified field exploration
personnel cannot be overemphasized. The exploration
crews should be supervised in the field by a soils engi-
neer or geologist familiar with the foundation and
backfill requirements so that changes can be made in
the exploration program where necessary to provide
adequate information on subsurface conditions.

(2) The field engineer should also know the loca-
tion of significant features of the structure so that
sampling can be concentrated at these locations. In ad-
dition, he should have an understanding of the engi-
neering characteristics of subsurface soil and rock de-
posits that are important to the design of the structure
and a general knowledge of the testing program so
that the proper type and quantity of samples will be
obtained for testing.

(3) From the sampies, the subsurface deposits can
be classified and boring logs prepared. The more con-
tinuous the sampling operation, the more accurate will
be the boring logs. All borings should be logged with
the description of the various strata encountered as
discussed in TM 5-818-1/AFM 88-3, Chapter 7. Accu-
rate logging and correct evaluation of all pertinent in-
formation are essential for a true concept of subsur-
face conditions.

(4) When the exploratory borings at the construc-
tion site have been completed, the samples and logs of
borings should be examined to determine if the materi-
al to be excavated will be satisfactory and in sufficient
quantity to meet backfill requirements. Every effort
should be made to use the excavated materials; how-
ever, if the excavated materials are not satisfactory or
are of insufficient quantity, additional exploration
should be initiated to locate suitable borrow areas. If
borrow areas are not available, convenient commercial
sources of suitable material should be found. Backfill
sources, whether excavation, borrow, or commercial,
should contain several times the required volume of
compacted backfill.

(5) Groundwater studies prior to construction of
subsurface structures are of the utmost importance,
since groundwater control is necessary to provide a
dry excavation in which construction and backfilling

3-1
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operations can be properly conducted. Data on ground-
water conditions are also essential for forecasting con-
struction dewatering requirements and stability prob-
lems. Groundwater studies must consist of investiga-
tions to determine: groundwater levels to inciude any
seasonal variations and artesian conditions; the loca-

tinn nf anvy uyol-nr hoarming nl-vafo and tha narmaahility
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and flow characteristics of water-bearing strata. Meth-

ods for mvestigatmg groundwater conditions are de-
scribed in TM 5-818-1/AFM 88-3, Chapter 7, and TM
5-818-5/NAVFAC P-418/AFM 88-5, Chapter 6.

b. Laboratory testing. The design of any foundation
is dependent on the engineering characteristics of the
supporting media, which may be soil or rock in either
its natural state or as compacted backfill. The labora-

tave daati ing or r31l Fravmia h tha angina

nfa
tory testing program wiu furnish the engineer infor-
mation for nlnnrnno' r]ncmnnno‘ and constructing sub-

2223 aVil AV pas QAU LUASLiwluiilp v

surface structures. Laboratory testmg programs usual-
ly follow a general pattern and to some extent can be
standardized, but they should be adapted to particular
problems and soil conditions. Special tests and re-
search shouid be utilized when necessary to deveiop
needed information. The testing program should be

well planned with the engineering features of the
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structure and backfill in mmd, testing should be con-
centrated on samples from areas where significant fea-
tures will be located but should still present a complete
picture of the soil and rock properties. The laboratory

test procedures and equipment are described in TM

£ Q10 1/ and nan
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and MIL.-STD-621.
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(1) Identzﬁcatzon and classification of soils. The
Unified Soil Classification System used for classifying
soils for military projects (MIL-STD-619 and TM
5-818-1/AFM 88-3, Chap. 7) is a means of identifying
a soil and placing it in a category of distinctive engi-
neering properties. Table 3-1 shows the properties of

: : Naet
soil groups pertinent to backfill and foundations.

Using these characteristics, the engineer can prepare

prehmmary designs based on classification and plan
the laboratory testing program intelligently and eco-
nomically.

(@) The Unified Soil Classification System clas-
sifies soils according to their grain-size distribution
and plasticity characteristics and groups them with re-

snect to their engineering behavior. With exnerience
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the plasticity and gradation properties can be esti-
mated using simple, expedient tests (see table 2-2 and
2-3 of TM 5-818-1/AFM 88-3, Chap. 7 or AFM 89-3,
Chap. 2) and these estimates can be confirmed using
simple iaboratory tests The principal iaboratory tests
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(b) The engineering properties in table 3-1 are
based on “Standard Proctor” (CE 25) maximum

3-2

density except that the California Bearing Ratio (CBR)
and the subgrade modulus are based on CE 55 maxi-
mum density. This information can be used for initial
design studies. However, for final design of important °
structures, laboratory tests are required to determine
actual performance characteristics, such as CE 55
hUlllpﬂbb;Ull pLupt:L l;i!:B, BhUﬂl Bblcllsbll, pcuucubhi\,y,

nnmnmnmhﬂifv swelling characteristics. and frost sus-

compressibility, swelling characteristics, and frost s
ceptibility where applicable, under expected construc-
tion conditions.

(¢) The Unified Soil Classification System is
particularly useful in evaluating, by visual examina-
tion, the suitability of potentiai borrow materials for
use as COi‘ﬁpand backfiu r I'Ull(-,leflcy l.Il vmuai (..188’
sification can be developed through practice by com-
paring estimated soil properties with results of labora-
tory classification tests.

(2) Compaction testing. Compaction test proce-
dures are described in detail in MIL-STD-621 and
ASTM D 1557 (app A). It is important that the de-
signer and fieid inspection personnel understand the

hagina nrincinlag and fimdamantala af anil camnantian
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The principles of soil compaction are discussed in ap-
pendix B of this manual.

(@) The purpose of the laboratory compaction
tests are to determine the compaction characteristics
of available backfill materials. Also, anticipated field
density and water content can be approximated in lab-

Avatamer anmnantad camnlag ardan that Athan an

Orawry-compaciea saipies in order that other cugi-
neering nrnmrhpﬂ nnnh as nhpnr strencth cnmprnnm.
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bility, consohdatlon, and swelling, can be studied. For

most soils there is an optimum water content at which

a maximum density is obtained with a particular com-

paction effort. A standard five-point compaction curve

reiating density and water content (fig. B-1, app. B)
P PR PRI | PRI I 4l 2. AATT

can be developed by the procedures outlined in MIL-

STD-621.

(b) The impact compaction test results normally
constitute the basis on which field compaction control
criteria are developed for inclusion in the specifica-
tions. However, for some cohesionless soils, higher
densities can be obtained by the vibratory compaction
method (commonly referred to as maximum relative
Annsif“\ Aacrrihad in apmnr‘-v Y‘I’T c" M 11 10 2

1906. The required field compaction is generally speci-
fied as a percentage of laboratory maximum dry densi-
ty and referred to as percent CE 55 maximum density.
Water content is an important controlling factor in ob-
taining proper compaction. The required percentage of
maximum dry density and the compaction water con-

4amt ahanld ha anlantad anm tha hoaia af 4ha anotirmaonmine
tent snoula oe seiected on tne vasis of the CIgIineeriig

characteristics, such as compression moduli, settle-
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ment, and shear strength, desired in the compacted
backfill. It should be noted that these characteristics
could be adversely effected by subsequent increases in



water content after placement. This situation could re-
sult from an increase in the groundwater level after
construction.

(c) Density control of placed backfill in the field
can be facilitated by the use of rapid compaction check
tests (para 7-5¢). A direct rapid test is the one-point
impact compaction test. Rapid indirect tests, such as
the Proctor needle penetration for cohesive soils or the
cone resistance load for cohesionless soils, can also be
used when correlations with CE 55 maximum density
have been established.

TM 5-818-~4/AFM 88-5, Chap. 5

(3) Shear strength testing. When backfill is to be
placed behind structure walls or bulkheads or as
foundation support for a structure, and when fills are
to be placed with unrestrained slopes, shear tests
should be performed on representative samples of the
backfill materials compacted to expected field densi-
ties and water contents to
shear strengths. The appropriate type of test required
for the conditions to be analyzed is presented in TM
5-818-1/AFM 88-3, Chapter 7. Procedures for shear
strength testing are described in EM 1110-2-1906.
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Table 3~1. Typical Engineering Properties of Compacted Materfals®

Typical Value of

Typical Strength Characteristics

Compression
Range of Range of At 2.5 At 1.2
Maximum Opt imum ksf ksf Cohestion
Dry Unit Water, (20 psi) (50 ps1) (As Com—
Croup Weight, Content Percent of Original pacted)
Symbol Soil Type pef Percent Height psf
Gw Well-graded clean 125-135 11-8 0.3 0.6 0
gravels, gravel-
sand mixtures
GP Poorly graded clean 115-125 14-11 0.4 0.9 0
gravels, gravel-
sand mix
e} Siity gravels, 120-135 12-8 0.5 1.1 -
poorly graded
gravel-sand~
silt
cC Clayey gravels, 115-130 14-9 0.7 1.6 -
poorly graded
gravel-sand-
clay
SW Well-graded clean 110-130 16-9 0.6 1.2 0
sands, gravelly
sands
SP Poorly graded clean 100-120 21-12 0.8 1.4 0
sands, sand-gravel
»ix
M Silty sands, poorly 110-125 16-11 0.8 1.6 1050
graded sand-silt
mnix
SM-SC Sand-silt clay mix 110-130 15-11 0.8 1.4 1050
with slightly
plastic fines
sC Clayey sands, 105-125 19-11 1.1 2.2 1550
poorly graded
sand-clay mix
ML Inorganic silts and  95-120. 24-12 0.9 1.7 1400
clayey silts
ML-CL  Mixture of inor- 100-120 22-12 1.0 2.2 1350
ganic silt and
clay
cL Inorganic clays of 95-120 24-12 1.3 2.5 1800
low to medium
plastictey
oL Organic silts and 80-100 33-21 - - -
silt-clays, low
plasticity
MH Inorganic clayey 75-95 40-24 2.0 3.8 1500
silts, elastic
silts
CH Inorganic clays of 80-105 36-19 2.6 3.9 2150

high plasticity

OH Organic clays and 75-100 45-21 - - -
silty clays

Range of
¢ (Effective Typical Subgrade b
Cohesion Stress Coefficient of Modulus Potential
(Saturated) Envelope) Permeabilit Range of k Frost
y 13
sf deg ft/min CBR Values 1b/cu in. Action
P
0 >38 5 x 107° 40-80 300-500 None to
very
slight
0 >37 107! 30-60 250-400  None to
very
slight
- >34 >1078 20-60 100-400  Slight to
medfum
. >31 >1077 20-40 100-300  Slight to
med {um
0 38 >1073 20-40 200-300  None to
slight
0 37 >107° 10-40 200-300 Nome to
slight
-5
420 3 5 x 10 10-40 100-300  Slight to
med ium
300 3 2 x 107° -
230 1 5 x 1077 5-20 100-300 Slight to
high
190 32 10_5 15 or less 100~200 Medium
to very
high
-7
460 32 sx 10 ' - 100-200
270 28 107’ 15 or less 50-200 Medium to
high
- - - 5 or less 50-100 Medium to
high
420 25 5 x lO.7 10 or less 50-100 Medium to
very high
230 19 1077 15 or less  50-150  Medium

— - - S or less 25-100 Medium

Notes:

All properties are for condition of “standard Proctor” maximum density, except values of k and CBR which are for CE55 maximum density.

Typical strength characteristics are for effective strength envelopes and are obtafned from USBR data.

& After DM-7.
From T™ 5-818-2/AFM B8-6, Chapter 4.

1

2

3. Compression values are for vertical loading with complete lateral confinement.
6 ( >) indicates that typical property {s greater than the value shown.

(--) indicates insufficient data available for an estimate.

3-3



™

5-818-4/AFM
(4) Consolidation and swell testing. The rate and
magnitude of consolidation under a given load are in-
fluenced primarily by the density and type of soil and
the conditions of saturation and drainage. Fine-

. . PR
grainea sous generauy consolidate more and at a

rate tha nnamn—mninnﬂ goils Hnwpvnr noorlv

ARVGY VaitRii LURRA OV OLAS., 22VNWTVEL, PVl

granular soils and granular soils composed of
rounded particles will often consolidate sxgmficantly
under load but usually at a relatively fast rate.

(@) The procedure for the consolidation test is
outlined in EM 1110-2-1906. The information ob-

tained in this test can be used in settlement anaiyses to

Andniemaionn dhhn dadal antdlamnand dtha dimnn watba AF anddla
aevermiinie bll!‘: wuwal Wbblclllellb, LI LILLIC ITawe Ul b\':l;tlt:‘

ment. and the differential settlement under varving

ment, and the differential settlement under varying
loading conditions. Consolidation characteristics are
important considerations in selection of backfill mate-
rials. The results of consolidation tests performed on
laboratory compacted specimens of backfill material
can be used in determining the percent compaction to
be required in the specifications.

Y Qecenlllem e Al cenndamicding nnm ha Aadaweainnad

) owellllg cnaracCulerisvics can o€ aeverimiinea

bv a modified consolidation test nrocedure. The degree
Yy & moaqulied conselldation test procequre. 1ne gegree

of swelling and swelling pressure should be deter-
mined on all backfill and foundation materials sus-
pected of having swelling characteristics. This fact is
particularly important when a considerable overbur-
den load is removed by excavation or when the com-

011 S

pacted backfill with swelling tendencies may become

tranatad nnan vamaval AFf tha dawataring auatam o

turated upon removal of the dewatering system and
nhsequent rigse of the groundwater level, The results

MASUAM WMUTALY 2200 Vi LA palniailvwawi level, 1he results

of swelling tests can be used to determine the suitabil-
ity of material as backfill. When it is necessary to use
backfill materials that have a tendency to swell upon
saturation because more suitable materials are un-
available, the placement water content and density

2
-

mg

that will minimize swelling can be determined from a
series of tests. TM 5-818-1/AFM 88-3, Chapter 7,
and FHWA-RD-79-51 (apn. A) nrovide further infor-

mation applicable to compacted backfills.

(5) Permeability tests. Permeability tests to deter-
mine the rate of flow of water through a material can
be conducted in the laboratory by procedures described

in EM 1110-2-1906. i'ermeamuty characteristics of
fine-grained materials at
determined from conso

a o 42 alsA

various densities can also be

] teristics for the design
of Dermanent drainage systems for structures founded
below the groundwater ‘level must be obtained from
laboratory tests. The tests should be performed on rep-
resentative specimens of backfill materials compacted
in the laboratory to aensxties expectea in the field.

) 1L
far tha daass
AUl uliT UTo.

'y
systems can also be approximated fron

tests on representative undisturbed samp les Labora-
tory permeability tests on undisturbed samples are

.1

1 laboratory

.1
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less expensive than in situ pumping tests performed in
the field; however, laboratory tests are lsss accurate in
predicting flow characteristics.

6) Slake durability of shales.

<L avnnand A air and

wmela nee wra mn
WIICIL CAPUSTU W ail aliu walwi aiu il
a
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thev are treated as a backfill material (para 3-3c).
Slaking characteristics can be evaluated by laboratory
jar-slake tests or slake-durability tests.

(@) The )ar-slake test is quahtatxve w1t six de-

scriptive degrees of siaking determined from visual

ol dlne AL acinmdelnd cnmenlan annlrad inm o dan
0ODServauon o1 ovenariea Saliipies svancu ul p
]ﬂ n

wa
24 hours., The jar-slake test is not a

1
2VURA S, 2410 GOITOISAT NSV 18 not

wa +a

for ag no
for as long
standardized test. One version of the jar-slake test is
discussed in FHWA-RD-78-141. Six suggested values

of the jar-slake index I; are listed below:

Behavior

Degrades into pile of flakes or mud
Breaks ranidlv and forms manv chins

redxds rapiQly anG I0rmis Imany Cilge

Breaks rapidly and forms few chips
Breaks slowly and forms several fractures

P Vpapts PR, Mty PRI PRSP S SP P Sy e

Dreaxs swwxy uuu UCVULUPB IeW racwures

No change
Shales with I; values of 1 to 3 should be protected

when occurring in excavated slopes and compacted as
soil if used for backfill.

(b) The slake-durability test is a standardized
test that gives a quantitative description in percent by
weig'nt of material remaining intact at the conclusion

dacd MNMasails mwacantad in

of the test. Details of the test are presenvea in
FHWA-RD-78-141.

(7) Dynamic tests for special projects. The dynam-
ic analysis of projects subject to seismic or blast in-
duced loading conditions requires special dynamic
tests on both in situ and backfill materials. Tests re-
quired for dynamic analysis include: cyclic triaxial
tests; in situ density measurements; and tests to deter-

o ol anie wenern sralanid aar madiilaa and damn

iine shear wave vciuuucs, shear moauius, ana aamp-
g(ER 1110-2-18086).

(8) In situ water content. The in situ water con-
tent, including any seasonal variation, must be deter-
mined prior to construction for materials selected for
use as backfill. Natural in situ water contents will de-
termine the need for wetting or drying the backfill
material 1 oerore placement to obtain near opumum wa-

a:ona:o:tor-‘-lc"
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et
Pl

sses the test method for ‘.etermi..i g water
content
- - r ] - ® - a 2 Sann -
3-3. iection Ot backtiili matreriais. delec-
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engineering properties and compaction characteristics
of the materials availabl The esults of the field ex-

ploration and laboratory
adequate information for this purpose The materials

S—



may come from required excavation, adjacent borrow
pits, or commercial sources. In selecting materials to
be used, first consideration should be given to the
maximum use of materials from required excavation.
If the excavated materials are deficient in quality or
quantity, other sources should be considered. Common
backfill having the desired properties may be found in
borrow areas convenient to the site, but it may be nec-
essary to obtain select backfill materials having par-
ticular gradation requirements, such as filter sands
and gravels and pipe or conduit bedding materials
from commercial sources.

a. Primary considerations. Primary considerations
for borrow material sources are suitability and quan-
tity. Accessibility and proximity of the borrow area to
the jobsite should also be considered. The water con-
tents of the borrow area material should be deter-
mined seasonally, and a source of water should be lo-

cated if the natural water contents are considerably

less than the required placement water content. If sev-
eral sources of suitable backfill are available, other fac-
tors to be considered in selecting the borrow materials
are ease of loading and spreading and the means for
adding or reducing water. The need for separating or
mixing soil strata from excavation or borrow sources
should be considered if necessary to provide reason-

ably uniform engineering properties throughout the
romnactad hackfill

CULLL PAV W UGLaLRai,

b. Compaction characteristics. If compaction char-
acteristics of the major portion of the backfill are rela-
tively uniform, problems of controlling placement of
backfill will be significantly reduced since the in-
spector will be able to develop more rapidly the ability
to recognize the adequacy of the compaction proce-
dures. In addition, the frequency of testing for com-
paction control could be reduced. When available back-
fill materials are unusual, test sections of compacted
backfill are sometimes justified to develop placement
procedures and to determine the engineering char-
acteristics to be expected in field-compacted materials.

¢. Workability. An important factor in choosing
backfill materials is the workability or ease with which
the soil can be placed and compacted. Material charac-
teristics that effect workability include: the ease of
adjusting water contents in the field by wetting or
aeration; the sensitivity to the compaction water con-
tent with respect to optimum; and the amount of com-
paction effort required to achieve specified densities.

d. Types of backfill material. A discussion of the
many types of backfill and their compaction character-
istics is beyond the scope of this manual since soil
types will vary on each project. However, the compac-
tion characteristics of several rather broad categories
of backfill (table 3-1) are discussed briefly. MIL-

TM 5-818-4/AFM 88-5, Chap. 5

STD-619 should be studied for more detailed informa-
tion.

(1) Coarse-grained soils. Coarse-grained soils
include gravelly and sandy soils and range from clayey
sands (SC) through the well-graded gravels of gravel-

sand mixtues (GW) with little or no fines (table 3-1).

They will exhibit slight to no plasticity. All of the well-
graded soils falling in this category have fairly good
compaction characteristics and when adequately com-
pacted provide good backfill and foundation support.
(@) One difficulty that might arise with soils in
this category would be in obtaining good compaction
of the poorly graded sands and gravels. These poorly
graded materials may require saturation with down-

lmaoa an AnTaandsan avaantar snmnan.

ward uramage and l,Ulupa.\.biuu with greater compac-
tion effort to achieve sufficiently high densities. Also,
close control of water content is required where silt is
present in substantial amounts. Coarse-grained mate-
rials compacted to a low relative density are suscepti-
ble upon saturation to liquefaction under dynamic
loads.

(b) For sands and gravelly sands with little or no
fines, good compaction can be achieved in either the
air-dried or saturated condition. Downward drainage
is required to maintain seepage forces in a downward
direction if saturation is used to aid in compaction.
Consideration may be given to the economy of adding
cement to stabilize moist clean sands that are particu-
larly difficult to compact in narrow confined areas.
However, the addition of cement may produce zones
with greater rigidity than untreated adjacent backfill
and form “hard spots” resulting in nonuniform

adswncans armd Aafaren 3 1
stresses and deformations in the structure.

(c) Cohesionless materials are well suited for
placement in confined areas adjacent to and around
structures where heavy equipment is not permitted
and beneath and around irregulary shaped structures,
such as tunnels, culverts, utilities, and tanks. Clean,
granular, well-graded materials having a maximum
size of 1 inch with 95 percent passing the No. 4 sieve
and 5 percent or less passing the No. 200 sieve are ex-

cellent for use in these zones. However, a danger exists

of creating zones where seepage water may accumulate
and saturate adjacent cohesive soils resulting in unde-
sirable consolidation or swelling. In such cases, provi-
sions for draining the granular backfill, sealing the
surface, and draining surface water away from the
structure are necessary.

(2) Fine-grained soils of low to medium plasticity.
Inorgamc clays (CL) of low to medium plastlcxty (grav-
elly, sandy, or silty clays and lean clays) and inorganic
silts and very fine sands (ML) of low plasticity (silty or
clayey fine sands and clayey silts) are included in this
category. The inorganic clays are relatively impervious
and can be compacted fairly easily with heavy compac-

3-6
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tion equipment to provide a good stable backfill. Soils

1 oY ramnantad in £1 A awn. 4
in the CL group can be compacted in confined areas to

a fairly high degree of compaction with proper water
content and lift thlckness control. The clayey sands of
the SC group and clayey silts of the ML group can be
compacted to fairly high densities, but close control of
water content is essential and sometimes critical, par-
ticularly on the wet side of optimum water content.

Some ML soils, if compacted on the dry side of opti-
mum, may lose considerable strength upon saturation
after compaction. Considerable settlement may occur.
Caution must therefore be exercised in the use of such
soils as backfill, particularly below the groundwater
level. Also, saturated ML soils are likely to be highly
susceptible to liquefaction when dynamncally loaded

£311 2.

N ~Aila ara 1ee A oo hanl
Where such soils are used as DACK.

fill i
areas, laboratory tests should be cepduct to detaer-

mine their liquefaction potential (se
17-6,TM 5-818-1/AFM 88-3, Chap. 7.

(3) Rock. The suitability of rock as backfill mate-
rial is highly dependent upon the gradation and hard-
ness of the rock particles. The quantity of hard rock
excavated at most subsurface structure sites is rela-

tively small, but select cohesionless materials may be

difficult to find or may be expensive. Therefore, exca-
vated hard rock may be spemﬁed for crusher process-
ing and used as select cohesionless material.

(4) Shale. Although shale is commonly referred to
as rock, the tendency of some shales to breakdown
under heavy compaction equipment and slake when
t,

111
axnnaad ta air or wa
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cial consideration.

(@) Some soft shales break down under heavy
compaction equipment causing the material to have
entirely different properties after compaction than it
had before compaction. This fact should be recognized
before this type of material is used for backfill. Estab-

liching tha nranar saamnantinn 4;“...-. T oTr wmamiziiens

uoxults VALT yl Uyc bUlllyﬂbblUll Lia llluy chuu.b'
that the contractor construct a test fill and vary the
water content, lift thickness, and number of coverages
with the equipment proposed for use in the backfill
operation. This type of backfill can be used only in
unrestricted open zones where heavy towed or self-pro-
pelled equipment can operate.

(b) Some shales have a tendency to break down
or slake when exnosed to air, Other shaleg that annaar

slake when exposed to air. Other shales that appear
rock-like when excavated will soften or slake and dete-
riorate upon wetting after placement as rockfill. Alter-
nate cycles of wetting and drying increases the slaking
process. The extent of material breakdown determines
the manner in which it is treated as a backfill material.

iy DRSO, R

tely degrades into constituent

1ips and flakes, it must be treated
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as a soillike material with property characteristics
similar to ML, CL, or CH materials, depending upon
the intact composition of the parent material. Com-

3-6

plete deg'radation can be facilitated by alternately wet-

+ 1 hat.
ting, drying, and disking the material before compac-

tion. A detailed discussion on the treatment of shale:

as a fill material is given in FHWA-RD-78-141.

(5) Marginal materials. Marginal materials are
these materials that because of either their poor com-
paction consolidation, or swelling characteristics

o001

would not normalily be used as backfill if sources of
suitable material were available. Material considered
to be marginal include fine-grained soils of high plas-
ticity and expansive clays. The decision to use mar-
ginal materials should be based on economical and
energy conservation considerations to include the cost
of obtaining suitable material whether from a distant
borrow area or commercial sources, possible distress

................... awnA
repau costs Lauueu Uy use Ol Inargmal mawnal, ana

the extra costs involved in processing, placing, and

adequately compacting marginal material.

(@) The fine-grained, highly plastic materials
make poor backfill because of the difficulty in han-
dling, exercising water-content control, and com-
pacting. The water content of highly plastic fine-
grained soils is critical to proper compaction and is

by . " .
very difficult to control in the field by aeration or wet-

ting. Furthermore, such soils are much more compres-
sxble than less-plastic and coarse-grained soils; shear
strength and thus earth pressures may fluctuate be-
tween wide limits with changes in water content; and
in cold climates, frost action will occur in fine-grained
soils that are not properly drained. The only soil type

sq notacnrer that smiohé nanardannd caiéahla oo

ux bh.LB \,uw5uxy l:llub llllsllb bc CUIIBIUCTICU dullauliec as
backfill is inorganic clay (CH). Use of CH soils should
be avoided in confined areas if a high degree of com-
paction is needed to minimize backfill settlement or to
provide a high compression modulus.

(b) The swelling (and shrinking) characteristics
of expansive clay vary with the type of clay mineral

S . Py P PR

pr esent in the sOu, the percenvage of that uay muwtul,
and the nhnngn in water content. The active r-lny min-

n
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erals include montmorillonite, mixed-layer combina-
tions of montmorillonite and other clay minerals, and
under some conditions chlorites and vermiculites.
Problems may occur from the rise of groundwater,
seepage, leakage, or elimination of surface evaporation
that may increase or decrease the water content of

ad 1 Ad tn tho ¢ Aan +n A
CGmpaC'{/cu Seﬂ and leau o ine tenaency vo expana or

shrink. If the swelling pressure developed is greater

SIITIIR. Lile iy el L0 LY

than the restraining pressure, heave will occur and
may cause structural distress. Compaction on the wet
side of optimum moisture content will produce lower
magnitudes of swelling and swell pressure. Expansive
ciays that exhibit significant volume increases should

aa haalefill wwhang tha 2l fo
not be used as backfill where the puwuuul for struc-

tural damage might exist. Suitability should be based
upon laboratory swell tests (TM 5-818-1/AFM 88-3,
Chapter 7).



be unacceptable. Hydrated lime can also be mixed with
some expansive clays to reduce their swelling char-
acteristics (TM 5- 818 1/AFM 88- 3 Chapter 7) Lab—

i il h Ik RS _ e . Lo commd el ~
amount of the additive that should be used and the
characteristics of the backfill material as a result of

using the additive. Because of the complexity of soil-
additive systems and the almost complete empirical
nature of the current state of the art, trial mixes must
be varified in the field by test fills.

(6) Commercial by-products. The use of commer-

cial by-products, such as furnace slag or fly ash as

. P | . . cemand oo _. manm  mes
backfill material, may be advantageous where such
produ"-‘" are locally available and where suitable nat-
ural materials cannot be found. Fly ash has been used

as a lightweight backfill behind a 25- fOOt-hlEh wall
and as an additive to highly plastic clay. The suitabil-
ity of these materials will depend upon the desirable
characteristics of the backfill and the engineering
characterlstlcs of th e pr oducts
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, f b ckfxl The proper functioning
of these elements are often cntxcally affected by ad-
verse behavioral characteristics of the backfill. Be-
havioral characteristics are related to material type,
water content during compaction gradation and com-

pacmon effort. While compacuon effort may be easny
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i d in the backfill; control
criteria must be establish d rior to placement.

a. Material type. Backfill material should consist of
a homogeneous material of consistent and desirable
characteristics. The field engineer must ensure that
only the approved backfill material is used and that
the material is uniform in nature and free of any

anomalous material such

N [ a0t 31 _a_ .t L 1) b A b
pocxets. Stratified material should be mixed puux o
placing to obtain a uniform blend. Excavated material
to be used as backfill should be stockpiled according to
class or type of material

[
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b. Water co"te"t. While water content can be ad-
justed to some extent after placing (but before com-
pacting), it is generally more advantageous to adjust
the water content to optimum compaction conditions

before placing. Adjustment of water content can be ac-
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ckfill materials con-
Cr and require limita-
tions on maximum ‘and minimum particle-size or
gradation distributions. Where materials cannot be lo-
cated that meet gradation criteria, it may be advanta-
geous to require processing of available material by
sieving to obtain the desired gradation.
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CHAPTER 4
EARTHWORK: EXCAVATION AND PR EPARATION FOR FOUNDATIONS

AT Bemiooal o . . . A .
W=l BRALGVGTION. that the contractor or the contracting office often do

a. General. In general, excavation for subsurface not possess, and the assistance of specialists in this
structures will consist of open excavation and shaft field should be obtained
and tunnal avnavatinn Whara aveavatinn tn owaat (hY OweiinAdwratar wrnthant cionifirant coanacs
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depths is required, a variety of soils and rock may be flow can also be a problem since excess __yd_rggi_:a_gic
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encountered at a single site. Soils may range throuzh a
wide spectrum of textures and water contents. Rock
encountered may vary from soft rock, very similar to a
firm soil in its excavation requirements, to extremely
hard rock requiring extensive biasting operations for

removau urounuwawr may Or may not

rrrnnnr‘mnh:r ocaonditiong and tha adaanacy of aronund.
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water control measures are imnortant factors in exca-

vation, in maintaining a stable foundation, and in

backfilling operations. The extent to which ground-
water can be controlled also influences the slopes to
which the open excavation can be cut, the bracing re-
quired to support shaft and tunnel excavation, and the

arA i AL AL o o P Y e |

namumg U1 Lﬂe exouvawu mawerial.

b. Good construction practices, and' probt'ems A
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majonty Ol tne prooniems
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bility, and adverse weather conditions. Many of the

WAAIVyy madld VoaARYT VY e vaas

nroblems can be anticipated and avoided bv precon-
struction planning and by following sound construc-
tion practices.

(1) Groundwater. Probably the greatest source of
pro'blems in excavation operations is groundwater if

....... csrad o avnossadiae 1o Ao

the seepage of grounuWaLer into an excavation is ade-

anataly cantrallad athar nrohlama will ganerally ha
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minor and can be easily handled. Several points should
be recognized that, if kept in mind, will help to reduce
problems attributable to groundwater. In some in-
stances, groundwater conditions can be more severe
than indicated by the original field exploration investi-
gation since fieid expiorations provide information
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If groundwater seepage begins to exceed the

capaclt_y of the dewatering system, conditions should
not be expected to improve unless the increased flow is
known to be caused by a short-term condition such as
heavy rain in the area. If seepage into the excavation
becomes excessive, excavation operauons should be
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pressures can develop below relatively impervious
strata and cause uplift and subsequent foundation or
slope instability. Excess hydrostatic pressures can also
occur behind sheet pile retaining walls and shoring
and bracmg in shaft and tunnel excavauons Visual ob-

frem the foundation or slope, deve ;
areas, uplift of ground surface, or lateral movements
(c) Accurate daily records should be kept of the
quantity of water removed by the dewatering system
and of the piezometric levels in the foundation and be-
neath excavation siopes. beparate records should be

o o —--—.LA_ ———

puulp sysiem re-
t
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meters or ther measunnx dev1ces should be mstalled
on the discharge of these systems for measurement
purposes (TM 5-818-5/NAVFAC P-418/AFM 88-5,
Chap 6). These records can be invaluable in evaluating
“Changed Condition” claims submitied by the contrac-

oo ML hec mdhme ~lnae]d L e vvalamn d b e Badnand
LOr. 1II€ COLLIuClurl Siivliu v requiricu Ww nave swaliu-
hv” aguinmaent in case the ariginal egninment breaks
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down.
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other than groundwater are surface runoff into the ex-

cavation and snow drifting into the excavation. A pe-
ripheral, surface-drainage system, such as a ditch and
berm, should be required to collect surface water and
divert it from the excavation. In good weather there is
a tendency for the contractor to become lax in main-
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taining this system and Ior the ir pection personnel to
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a heavy rain and consequent delay in construction. The
surface drainage system must be constantly main-
tained until the backfill is complete. Drifting snow is a
seasonal and regionai probiem which can best be con-
trolled by snow fences placed at strategic locations

around the excavation.
() nno infoarity Anonthar araa nf ranmarn Anr.
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ing excavation is the integrity of the excavation
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slopes. The slopes may be either unsupported or sup-
ported by shoring and bracing. The lines and grades in-
dicated in the plans should be strictly adhered to. The
contractor may attempt to gain additional working
room in the bottom of the excavation by steepening
the slopes; this change in the plans must not be al-
lowed.

(@) Where shoring and bracing are necessary to
provide a stable excavation, and the plans and specifi-
cations do not provide details of these requirements
the contractor should be requireu to submit the piams
in sufficient detail so that they can be easily followed
and their adequacy checked. The first principle of ex-
cavation stabilization, using shoring and bracing, is
that the placing of supports should proceed with exca-
vation. The excavation cut should not be allowed to
yield prior to placing of shoring and bracing since the
lateral pressures to be supporied would generally be
considerably greater after yield of the unshored cut

face than if no movement had occurred prior to place-

ment of the shoring. Excavation support s__vstems are
discussed in TM 5-818-1/AFM 88-3, Chapter 7. All
safety requirements for shoring and bracing as con-
tained in EM 385-1-1 should be strictly enforced.

The inspector must be familiar with stockpil-

o aoarding +tha distanaas Frnen &

iirements regaraing the distance from the

1e excavation at which quknﬂpﬂ can be es-
nd heavy equipment operated without en-
dangering the stability of the excavation slopes. He
must also know the maximum height of stockpile or
weight of equipment that can be allowed at this dis-
tance.

QATQRY Sur iy v AT

avy rain
fall 1t may be necessary to protect excavation slopes
with polyethylene sheeting, straw, silt fences, or by
other means to prevent erosion. Excavation slopes for
large projects that will be exposed for several seasons
should be vegetated and maintained to prevent ero-
sion.

(4) Stockpiling excavated material. Generally,
procedures for stockpiling are left to the discretion of
the contractor. Prior to construction, the contractor
must submit his plans for stockpiling to the contract-
ing officer for approval. In certain cases, such as where
there are different contractors for the excavation and

2 as iy o, PR Ry
L May o€ necessary LU uiuuue tIlB
o

cedures be conducwe
the excavated materlals.
(@) As the materials are excavated, they should
be separated into classes of backfill and stockplled ac-
cordingly. Thus the inspection personnel controlling
the excavation should be qualified to classify the mate-
rial and should be thoroughly familiar with backfill re-

quirements. Also, as the materials are placed in stock-
piles, water should be added or the materials should be
aerated as required to approximate optimum water

b aed
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assist in determining the extent to which this is neces-
sary. The requirements of shaping the stockpile to
drain and sealing it against the entrance of undesir-
able water by rolling with spreading equipment or
covering with polyethylene sheeting should be en-
forced. This step is particularly important for cohesive

mnile dhad aewhilhid cane duci;mi;oe nwnabantadsan
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tend to remain wet if once saturated by rains. Stock-
piles must be located over an area that is large enough
to permit processing and where they will not interfere
with peripheral drainage around the excavation and
will not overload the slopes of the excavation.

(b) In cases where significant energy and cost
saving can be realized, special stockpiling require-
ments should be implemented. An example would be a
large project consisting of a number of excavation and
backflllmg operations. The excavation material from
the first excavation could be stockpiled for use as back-
fill in the last excavation. The material from the inter-
mediate excavations could in turn be immediately used
as backfiil for the first, second, etc., phases of the proj-

ant and tharahy aliminata dauhla handing of avaavatad
€Cu and uieredy ciilinaie Gounic naiaing 01 excavaica

backfill for all but the first-phase excavation.

(5) Protection of exposed material. If materials
that are exposed in areas, such as walls of a silo shaft,
foundation support, or any other area against which
concrete will be placed, are susceptible to deterioration
or swell when exposed to the weather, they should be

annn aftar avnaciing aa nagaihla

ad
pxupcuy protected as soon atfler exposure as possibie.
Denending on the material and nrotection require-

ASVPAAIALLID VAR VAL AMUVLL AL AAw prVVVVAURL SVl uesv
ments, this protection may be pneumatic concrete, as-
phalt spray, or plastic membrane (TM 5-818-1/AFM
88-33, Chap. 7). In the case of a foundation area, the
contractor is required to underexcavate leaving a cover
for protection, as required, untii immediateiy prior to
placement of the structure foundation. Any frost-sus-
ceptible materials encountered during excavation
should be protected (para 2-3h (3) and (4)) if the exca-
vation is to be left open during an extended period of
freezing weather.

(6) Excavation record. As the excavation pro-
gresses, the prOJect engmeer should keep a daily record
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4-1. Founaa

a. General. In this manual, preparation applies to
foundations for backfill as well as those for structures
to be placed in the excavation. Generally, if proper ex-

cavation procedures have been followed, very little ad-

tion preparaiion.
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preparation will be required prior to backfill
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fnnnr‘nhnn nrepara 1
ioungauen preparatk

2 g red
ing such proper excavation procedures as maintaining
a dry excavation and planning ahead. The principles of
good foundation preparation are simple, but enforcing
the provisions of the specifications concerning the
work is more difficult. Inspection personnel must
recogmze the 1mporLance of this pnase of the work
e, i 3 s can r
It is most '.mportant that a stable fou
the case of sensitive fine-grained matenals to require
that the final excavation for footings be carefully done
with hand tools and that no equipment be allowed to
operate on the final cut surface. To provide a working

o LIEPR )

platIorm on which tO Degm DaCKIlU placement on tnese
sensitive materials, it may be necessary to place an
;n;tial ]avnr of oranular matarial
ALAAVACLL A J\JL va Elull ACAL LRICAVUA LQAA.

(2) If the foundation is to be supported on rock,
the soundness of the exposed rock should be checked
by a slaking test (soaking a piece of the rock in water
to determine the resulting degree of deterioration
(para 3-2b (6)) and visual observation to determine if

the rock is in a solid and unshattered condition. If re-

e nzzal AL manle halacs: dhn fascmdadinm Jassal fa wamislen
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pace should be filled with concrete. A qualified
geological or soils engineer sho_lld inspect the area if it

when exposed to the weather. If necessary, the mate-
rials must be protected from exposure using the
methods previously discussed in paragraph 4-1b (5).

(3) Before placement of any structure foundation

LR NPT & T PR i, D I NPT, Ry Mpiph By DRSSPI S I
1S DEgull, Lile pldalls Snouia oe recneckea vo ensure vnat
all reauired utilities and conduits under or adiacent tn
all reGQuired utlitles ang Conauiis unaer or agjacent o

0 have been placed, so that excavating
under or undermlmng the foundation to place utilities
and conduits will not become necessary later.

(4) Occasionally, it may be found upon completion
of the excavation that if a structure were placed as
shown on the plans it would be supported on two ma-
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tertistics, such as rock and soil, rock and backfill, or
undisturbed soil and backfill. This situation could oc-

TM 5-818-4/AFM 88-5, Chap. 6
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oriented by a subsequent ct
of an oversmht of the deSl ngineer, or because of
the excavation procedures followed by the contractor.
Regardless of the reason, measures such as overexca-
vation and placement of subsequent backfill should be
taken, where possible and in coordination with the de-
sign office to provide a rounuauon of uniform materi-

. < ucalsu Ulllbc DIV UIU T vaiualc uvuic
differences in foundation conditions for possible
changes to the structural foundation elements.

(5) Preparing the area to receive the backfill con-
sists of cleaning, leveling, and compacting the bottom
of the excavation if the foundation is in soil. All debris
and foreign material, such as trash, broken concrete
and rock, boulders, and Iormmg lumber, should be re-
m the excavation. All hole , aepr camuua,
a..d trench es should be filled with the same material as
that specified to be placed immediately above such a
depression, unless otherwise designated, and com-
pacted to the density specified for the particular ma-
terial used. If the depression is large enough to accom-
modate heavy compacting equipment the sides of the

A

depression should have a positive slope and be flat

...... L Lt svsmtnsmnm ~rmnradinnm Af Anmmmnantiam asinrmand
€enougn 10f proper operation o1 COMipaction equipinentc.
After the area is brought to a generallv level condition
4AA1A VUL LiiLv AAAvA Ao ul.vua AV VUV b\/l LARLLY AUV UL Lvisaliavava,

tions, the entlre area to receive backfill should be sacri-
ficed to the depth specified, the water content ad-
justed if necessary, and the area compacted as speci-
fied. If the foundation is in rock, the area should be
leveled as much as possible and all loose material re-

Under no circumstances should the contractor be al
lowed to dry an area by dumping a thick layer of dry
material over it to blot the excess water If soil exists

d .
can be compacted. Any frozen matenal in the founda-
tion should be removed before placement of concrete
footings or compacted backfill.

4-3



5-1. Placement of backfill.

a. General. Backfill construction is the refilling of
previously excavated space with properly compacted
material. The areas may be quite 1arge, in which case

the backfilling operauon will be similar to embank-
mmant nanabmintinm N tha nthon hand +ha awane meacs
111C11L CUIISLL bu 11, Il LT VLIS 11dliu, uIe areas llluy
he anite limited euch ag eonfined areae arnind or ha.
be quite limited such as confined areas arcund or be
tween and beneath concrete or st:eel strudtures nd

construction of the backfill, the inspection personnel
should become thoroughly familiar with the various
classes of backfill to be used. They should be able to
readily identify the materials on sight, know where

4tha waminig dermac AL maadanial ,-L.\.JJ Thn nlanad and Lo
wié Various LYPES Ul lialelial silivulu pe placteq, aliu pe

familiar with the comnaction charactariatice of t
b4 cteristics of v
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types. Compaction characteristics of various soil types
are discussed in appendix B.

b. Good construction practices, and problems. Prob-
lems with placement of backfill will vary from one con-
struction project to another. The magnitude of the
problems will depend on the type of materials avail-
able such as backfill, density requirements, and the
configuration of the areas in which compaction is to be

PRy Z-L A DLl .. .L__13JL_ ______._2132
dCCUILL PLI Sined. r roulems snouia e e peu.eu auring vne
3 n [~]

initial ctaca
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tractor is familiar with compaction characteristics of
backfill materials. The inspector can be of grea
sistance to the contractor during this period by per-
forming frequent water content and density checks.
The information from these checks will show the con-
tractor the effects of the compaction procedures being

sriond amd smaldend mead asmer aliaae eno 4 ol ld PR, PN
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(1) Back/iuing procedures Problems associated
with the compaction of backfill can be minimized by

fallauring onnd haslkfilling nwanadimas Dand haale
1OuUwillg BOoOU DaCRiiuiiig pl.wt:uuu:a a0 UacCk-

filling procedures include: processing the material

222l LIS aldlaskeT. A ULTSSMlp  vaAD Al wWaadl

(para. 3-4) before it is nlaced in the excavation; plac-
ing the material in a uniformly spread loose lift of the
proper thickness suited to the compaction equipment
and the type of material to be used; applying the neces-
sary compaction ef'f'ort to obtain the required densi-
ties; and ensuring that these operations are not per-

farmad diieing adverse ..m..n..m.. Dw\.m.. hand ahanld ha
LUIIITU Uullig alUverstc w I e

provided between each lift and also between

fxll and the sides of the excavation.
(2) Compaction equipment, backfill material, and
zones. The type of compaction equipment used to

upon the type of backfill material bemg compacted
and the type of zone in which the material is placed.

£ T annen mosas ancucn cswainmad anila thad awl
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t nlasticity (clavev sands, siltv sands, clavev
nt piasticity (clayey sangs, siity sandqs, ciayey

gravels, and silty gravels) should be compacted with
either sheepsfoot or rubber-tired rollers; close control
of water content is required where silt is present in
substantial amounts. For sands and gravelly sands
with little or no fines, good compaction results are ob-
tained with tractor compacuon Good compaction can
Is and gravel-sand mixtures
ctor or rubber-tired and steel-

22 TRA Qraats v

wheeled rollers. The addit' n of vibr: t_og to any of the

prove the compactlon of soils in this category. In con-
fined zones, adequate compaction of cohesionless soils
in either the air-dried or saturated condition can be
achieved by vibratory-plate compactors with a static

4thn smmabamial 14 Anm

s ¥
welgub of at least 100 pounds. If the materiai is com-
nacted in the saturated condition, good comnaction

PALIUTU  iii v UOW UViilkivivViiy BVUVM WAL pUGAL valsas

can be achieved by internal vibration (for example, by
using concrete vibrators). Downward dramage is re-
quired to maintain seepage forces in a downward di-
rection if the placed material is saturated to aid in
compaction

11\

(0 ) morgamc c1ays, morgamc Slll:S, and very
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fine sands of low to medium piastiCity are 1airsy easuy
nacted in open zones with sheensfoot or rubber-

Upvii LULTS Wivia SCTpSiUUs Vi suavuves

tired rollers in the 15,000-pound and above wheel-load
class. Some inorganic clays can be adequately com-
pacted in confined zones using rammer or impact com-
pactors with a static weight of at least 100 pounds pro-
vided close control of lift thickness and water content
is maintained.

\b) Fine-gr‘“ ed uisxu ﬁmobi\, niaweria.
though not good backfill materialg, can best he com-
pacted in open zones with sheepsfoot rollers. Sheeps-
foot rollers leave the surface of the backfill in a rough
condition, which provides an excellent bond between
lifts. In confined areas the best results, which are not
considered good, are obtained with rammer or impact
compactors.

(AN T sf4 thinbnoce Mha lanca lift thinknaca unll Aa.
\U’ .l.u-[ © LIWURIITOO,:, 1110 1UUDCTTLIL LV VWULVALLIUDO VYYill UU
epd on thp type of backfill material and the compac-

(a) ‘Asa general rule, a loose-lift thickness that
will result in a 6-inch lift when compacted can be al-

5-1
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lowed for most sheepsfoot and pneumatic-tired rollers
Cohesive soils placed inapproximately 10-inch Ioo

lifts will compact to approximately 6 inches, and cohe~
"l 11 lace n onv\vsvimoinltv 8 in ha lia‘\B
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achleved in cohes1onless matenals of about 12- to 15-
inch loose-lift thickness if heavy vibratory equipment
is used. The addition of vibration to rolling equipment
used for compacting cohesive soils generally has little
effect on the lltt thickness that can be compacted al-

( b) In confined zones where clean cohesionless
backfill material is used, a loose-lift thickness of 4 to 6
inches and a vibratory plate or walk-behind, dual-drum
vibratory roller for compactlon is recommended.

Y - nn| . Fd

\Ei
g
o

) Q
=]
=3
(4]
wn
=
<
[¢+]
w
(=}
=
w
P

: 4]
[~

7]

@®
Q.

=]

w
.—-H
E

o]

=]

=]

Lasd

33

T'm
Q.

<)
[=}
gn
=
=
o
o>
[
E
2]

S td
m ]

or smgle air tampers (commonly referred to as
“powder puffs” or “pogo sticks”) do not produce suffi-
cient compaction

on or within the backflll, compaction of cohesionless
soils to within 95 to 100 percent of CE 55 maximum
dry density and of cohesive soils to at least 95 percent

£ 1., +h +h
fill beneath these structures. The speciiiea aegree Ol
ompaction should be commensurate with the

t lerable amoun

lowable lateral pressure on the structure. Dramage
blankets and filters having special gradation requxre-

ments should be compacted to w1th1n 95 to 100 per-

nan L el nl U s A la_ m_11_ = 1 __°____ _
cent or vn D max1mum ury ae S y l1aplie o-1 gives a
anmmary af tuna af caomnactian aqmninment numhbor of
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coverages, and lift thickness for the specified degree of
compaction of various soil types (TM 5-818-1/AFM
88-3, Chap. 7).

(5) Cold weather. In areas where freezing
temperatures either hamper or halt construction dur-
mg the winter, certain precautions can and snoulcl be
alo dm emaamean e d A o Lonmmn L‘..--A.
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(a) Placement of permanent backfill should be
deferred until favorable weather conditions prevail.
However, if placement is an absolute necessity during
freezing temperatures, either dry, cohesionless, non-

5-2

frost-susceptible materials or material containing ad-
ditives, such as caicium chloride, to lower the freezing

TIL . o3 Ty L 104

temperature of the soil water should be used. Each lift

should be checked for frozen material after compac-
tion and before construction of the next lift is begun,

valad &Qadla T aVIT

If frozen material is found, it should be removed; it
should not be disked in place. Additives should not be
used indiscriminately since they will ordinarily change
compaction and water content requirements. Prior
laboratory mvestxgatlon should be conducted to deter-

I I I, st wartandts and 2o 004 4Ll

mme aaaiuve requlr ements ana wie eriect on une cou-

paction characteristics of the backfill material
(b) Under no circumstances should frozen ma-

terial, from stockmle or borrow pit, be placed in back-
fill that is to be compacted to a specified density.

(c) Prior to halting construction during the
winter, the peripheral surface drainage system should
be checked and reworked where necessary to provme

a . way Lo AL o
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d) Foundations hpm:ath structures and backfill

cause structural damage w1ll mvanably develop.
Structures should be enclosed as much as possible and
heated if necessary. Construction should be scheduled
80 as to munm1ze the amount of relmorcmg steel pro-

freezing as discussed in paragraphs 2- 3k (3) and (4).
Records should be made of all temporary coverings
that must be removed before backfilling operations are

A TR T, I 11 1

resumed. A checklist should be maintained to ensure
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thaot all tamnaraws nt\cvnm
155 are removeda aiu uie oegin-
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mno' of the next struction season

12223 i 230 A20AS nstruction season,

(f) Durmg f eezing weather, records should be
kept of the elevation of all critical structures to which
there is the remotest possibility of damage or move-
ment due to frost heave and subsequent thaw. It is im-
portant that frost-free bench marks be established to

which movement of any structure C&ﬂ be refe
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tion season and after the temporary msulatmg cover-
ings are removed, the backfill should be checked for
frozen material and ice lenses, and the density of the

compacted material shouid be checked carefuily before
T 290

e o —— PR, ~. -
backfilling operations are resumed. If any backfill has
lost its specified density because of freezing, it should

(6) Zones having particular gradation require-
ments. Zones that have particular gradation require-
ments include those needed to conduct and control
seepage, such as drainage blankets, filters, and zones
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susceptible to frost penetration. Drainage zones are of-
ten extremely important to the satisfactory construc-
tion and subsequent perf'ormance of the structure. To
maintain the proper functioning of tnese zones, care

must o€ vaken o ensu 1 ne mat ce d nas
the correct gradation and is compacted according to
specifications.

Loy U‘I\'f\rm" ‘ul' Ve iivg ALL Uycll LJAAUO,y \-vulyabvuuu. vi
backfill will not generally present any particular prob-

lems if proper ¢ ompactlon procedures normally associ-
ated with the compaction of soils are exercised and the
materials available for use, such as backfill, are not un-
usually difficult to compact The ma)onty of the prob-

lems associated with backfi li will occur in confined

1o a OF““I\""’ nan }\ﬁ IIQQA Ny arhoaro }\Dg
ing a low comp n effort can be used or where be
cause of the confined nature of the back il zone even

tively.

(1) Considerable latitude exists in the various
types of small compaction equipment available. Unfor-
tunately, very little reliable information is available on

be necessary to establish lift thickness and compaction
effort based essentially on trial and error in the field.
For this reason, close control must be maintained
particularly during the initial stages of the backfill un-

til adequate compactlon procedures are estabhshed

structure the more dlffxcult it is to achieve required
densities. Rock, where encountered, must be removed
to a depth of at least 6 inches below the bottom of the
structure and the overdepth backf'illed with suitable

Arna albarnata haddins and haoale 311 rnlan
i Qa DacKiil pxabclucub
1scussed below.

ethod is to bring the backfill to the
planned elevatlon of the spring line using conventional
heavy compaction equipment and methods. A tem-
plate in the shape of the structure to be bedded is then
used to reexcavate to conform to the bottom contours

. b I yul P R |

of the structure. If the structure is made of corrugated
e

motal allawansa cshanld ha mada in tha ora
11iTial, allvwalil dllvuiu VT iliaut 111 vl 51 auc 1ul pcuc-
tration of the corrugation crests ir nto the backfill upon

is hxghly dependent on rigid control of grade during re-
excavation using the template. This procedure is
probably the most applicable where it is necessary to
use a cohesive backnll

larly adapted to areas containing a maze of pipes or
conduits. Adequate downward drainage, generally es-
sential to the success of this method, can be provided
by sump pumps or, if necessary, by pumping from well -
points. Sluicing should be accompanied by vibrating to
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should be restncted to areas whe,e conduits or pipes
have been placed by trenching or in an excavation that
provides confining sides. Also, this method should not
be used below the groundwater table in seismic zones,
since achieving densities high enough to assure stabili-
ty in a seismic zone is difficuit.
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s
bedding material with pneumati eq
under the haunches of pipes, tunnels and tanks The
material is placed wet and should have an in-place wa-
ter content of approximately 15 to 18 percent. A noz-
zle pressure of 40 pounds per square inch is required to
obtain proper density. Considerable rebound of materi-
al (as much as 25 percent by volume when placed with
the hose nozzle pointed vertically downw

PPVALAVIRL AV A AL

this pressure. Rebound is the material that bounces off
the surface and falls back in a loose state. However,
the method is very satisfactory if all rebound material
is removed. The material can be effectively removed
from the backfill by dragging the surface in the area

sl mim s ad oL Y _ h IR | M | 1 1
where material is Delng piacea witn a 1iat-enda snovel
Two or three men will be needed for each gunite hose
onerated.

(d) For structures and pipes that can tolerate
little or no settlement, lean grouts containing granular
material and various cementing agents, such as port-
land cement or fly ash can be used This grout may be

agent), which could generate stress concentrations in
rigid structures such as concrete pipes. Stress concen-
trations may be severe enough to cause structural
distress. If lean grouts are used as backfill around a
rigid structure, the structure must be designed to

enerated by possible

wunstauu ally duulElOIldl stress genera

5-2. Installation of instruments. Installa-
tion of instrumentation devices should be supervised,

if not actually done, by experienced personnel from
within the Corps of Engineers or by firms that special-
ize in instrumentation installation. The resident engi-
neer staff must be familiar with the planned locations



tion can be made with the contractor and with the of-
fice or firm that will install the devices. Inspectors
should inspect any instrumentation furnished and in-
stalled by the contractor. Records must be made of the
exact locations and procedures used for installation
and initial observations. Inspectors should ensure that
necessary extensions are added for the apparatus (such
as lead lines and piezometer tubes) installed within the
backfill as the backfill is constructed to higher eleva-
tions. Care must be used in placing and compacting
backfill around instruments that are installed within
or through backfill. Where necessary to prevent
damage to instruments, backfill must be placed
manually and compacted with small compaction equp-
ment such as rammers or vibratory plates.

TM 5-818-4/AFM 88-5, Chap. 6

5-3. Postconstruction distress. Good backfill
construction practices and control will minimize the
potential for postconstruction distress. Nevertheless,
the possibility of distress occurring is real, and meas-
ures must be taken to correct any problems before they
become so critical as to cause functional problems with
the facility. Therefore, early detection of distress is es-
sential. Some early signs of possible distress in-
clude: settlement or swelling of the backfill around
the structure; sudden or gradual change of instrumen-
tation data; development of cracks in structural walls;
and adverse seepage problems. Detailed construction
records are important for defining potential distress
areas and assessing the mechanisms causing the
distress.

5-5
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CHAPTER 6

SPECIFICATION PROVISIONS

6-1. General.

a. The plans and specifications define the project in
detail and show how it is to be constructed. They are
the basm of the contractor’s estimate and of the con-

tions cover the quality of materials, workmanship, and
technical requirements. Together they form the guide
and standard of performance that will be required in
the construction of the project. Once the contract is
let, the plans and specifications are binding on both
the bontracting Officer and the contractor and ar

P PR, RO T R :

ferences that may arise in interpreting the mtent and
requirements of the specifications. The ease with
which this can be accomplished will depend on the
clarity of the specifications and the background and
experience oI the individuals concerneu Understano—

undoubtedly arise that are not covered by the speci-
fications, or conditions may occur that are different
from those anticipated Close cooperation is required

are a gulde spemfication that antici-

pates all problems that may occur on all projects.
Therefore, contract specifications must be written to
satisfy the specific requirement of each project. Some
alternate specification requirements that might be
considered for some projects are discussed below.

6-2. Excavation. The section of the specifications
dealing with excavation contains information on
drainage, shoring and bracing, removal and stock-

ada wmamiimamanmdbs amAd olama liman 44 o FAllawrnd e
graqe requirefnents ana siope ilnes vo oe followed in
excavating overburden soils and rock

will require the contractor to submit a plan of his exca-

vatlon operauons to tne bontracung Umcer for re-

uent construction and backfill
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be carried out in the dry. To meet this requirement, a
dewatering system based on the results of ground—
water studies may be included in the plans. Also, for
some projects the specifications may require the con-
tractor to submit his plan for controlling groundwater
conditions. The specifications should likewise indicate

SLAhe. o e decndnae ammdidlams hnim e Af

the possibility of groundwater conditions being dit-
ferent from those i
tion report due to seasonal or unusual variations or in-
sufficient information, since the contractor will be
held responsible for controllmg the groundwater flow
into the excavation regardless of the amount. To this
end, the specifications should provide for requiring the
contractor to submit a revised aewatering plan for re-
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view where the original dewatering plan is found to be
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inadequate
1 ot e e Lo ML S0t Al acal ..
b. Shoring and bracing. The specifications either
will require the contractor to submit for review his

tion or w111 specify shormg and bracmg required by
subsurface and groundwater conditions and details of
the lines and grades of the excavation. In the latter
case, the contractor may be given the option to submit
alternate plans for shoring and bracmg for review by

may or may not be mcluded in the specrfications Gen-
erally, procedures for stockpiling are left to the discre-
tion of the contractor, and a thorough study should be
made to substantiate the need for stockpiling before
such procedures are specified. lner several condi-
uons under which inclusion o

tha ananifinatinang ur,

in the specifications
Two such conditions

paragraphs.
(1) Under certain conditions, such as those that

existed in the early stages of missile base construction

where time was an important factor, it may be neces-

sary or desirable to award contracts for 't'ne work in

phases. As a result, one contr u.or may do the excavat-

6-1
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ing and another place the backfill. It is probable that
the excavation contractor will have little or no interest
in stockpiling the excavated materials in a manner
conducive to good backfilling procedures When such a

n ha favacaan tha oifin ahanld aant
:ubuuuuu Caili o€ 10reseen, the apcuuu,uuuun sn0tua sev

forth stockpiling procedures. The justification for such
requirements would be economy and optimum use of
materials available from required excavation as back-
fill.

(2) The specifications will contain provisions for
removing, segregating, and stockpiling or disposing of
material from the excavation and will refer to the
plans for locations of the stockpiles. The subsoil condi-
tions and engineering characteristics requirements
may state that the specifications must be quite defi-
nite concerning segregation and stockpiling proce-
dures so that the excavated materials can be used most
advantageously in the backfill. The specification may
r-equire that water be added to the mawnm or the ma-
terial be aerated as it is stockpiled to approximate opti-
mum water content, that the stockpile be shaped to
drain and be sealed from accumulation of excess wa-
ter, and that the end dumping of material on the stock-
pile be prohibited to prevent segregation of material
size or type along the length of the stockpile

100\ 111

(J) An alternative to this latter action would be to

£i11 A 4
specify the various classes of backfill required and

leave the procedure for stockpiling the materials by

type to the discretion of the contractor. In this case,
the contractor should be required to submit a detailed
plan for excavating and stockpiling the material. The
plan should indicate the location of stockpiles for vari-

ous classes of backfill so that the material can be

+h 4hn M
LLIC EWLILIL&LAUIIB 11e con-

backfill material from bor-
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testea for compiiance with

tractor may elect to obtain
row or commercial sources rather than to separate and
process excavated materials. Then the specifications
should require that stockpiles of the various classes of
needed backfill be established at the construction site
in sufficient quantity and far enough in advance of
their use to allow for the necessary testing for approv-

al unless conditions are such that approval of the sup-
plier’s stockpile or borrow source can be given.

6-3. Foundation prepcrciion. The provisions
for preparation for structures will generally not be
grouped together in the specifications but will appear
throughout the earthwork section of the specifications
under paragraphs on excavation, protection of founda-
tion materials, backfill construction, and concrete
placement. When a structure is to be founded on rock,
the specifications will require that the rock be firm,
unshattered by blasting operations, and not ‘de-

teriorated from exposure to the weather. The co
Leridrawed irom €x
1T

1 4
tor will be required to remove shattered or weathe
rock and to fill the space with concrete.

Osure o uie weauner. ine convrac-
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a. Specifications for structures founded on soil re-
quire the removal of all loose material and all unsuit-
able material, such as organic clay or silt, below the
foundation grade. When doubt exists as to the suitabil-
ity of the foundation materials, a soils engineer should
inspect the area and his recommendations should be
followed. When removal of rock material below the
planned foundation level is required, the overexcava-
tion will usually require filling with concrete. The:
specifications also require dewatering to the extent
that no backfill or structural foundation is placed in

Llle Web

b. Specifications for preparation of the soil founda-
tion to receive backfill require removing all debris and
foreign matter, making the area generally level, and
scarifying, moistening, and compacting the founda.
tion to a specified depth, generally 12 inches. Specific
provisions may or may not be given with respect to lev-

eling procedures.
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where these materials will be used in the backfill. The
percentage of CE 55 maximum dry density to be ob-
tained, determined by a designated standard labora-
tory compaction procedure, will be specified for the
various zones of backfill. The maximum loose-iift
thickness for placement will also be specified. Because

of tha chana af tha samnacntinn snrva (aan diarnaainn Af
Ui Ui siapc U1 uwie COlpaluilil Curve (see GisCussion o1

compaction characteristics in Section B-1, app. B), the
degree of compaction specified can be achxeved only
within a certain range of water contents for a particu-
lar compaction effort. Though not generally specified
in mmtary construction, the range of water contents is

and A 7 SR

an important factor affecting compaction.
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a. The speclflcations sometimes stipulate the char-

4 ar

acteristics and general type of compacuon equipment
+n
w

ha nand far annh Af tha vawiana terman ~AFf Laal-£:11
be used for each of the various Lypes 01 DacCkiiiu.
neen:

foot or rubber-tired rollers, rammer or imnact
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compactors or other suitable equipment are specified
for fine-grained, plastic materials. Noncohesive, free-
draining materials are specified to be compacted by
saturating the material and operating crawler-type
tractor, surface or internal vibrators, vibratory com-
pactors, or other similar suitable equipment. The
specifications generally will prohibit the use of rock or
rock-soil mixtures as backfill in this type of construc-
tion. However, when the use of backfill containing
rock is permitted, the maximum size of the rock is giv-
en in the specifications along with maximum lift thick-
ness, loading, hauling, dumping, and spreading proce-

UUI'UU, l,ype 0
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hibit the use of rock or rock-soil mixtures as backfill in

ction equipment, and method of
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er should be prohibited in all areas. In the case of back-
fill containing rock, the density is not generally speci-
fied. Obtaining adequate density is usually achieved
by specifying the compaction procedures. The specifi-
cations may require that these procedures be devel-
oped in field test sections.

b. Speclfxcatlons may also reqmre specific equxp-
ment and proceaures to ensure adequate bedding for
(-] .
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¢. The specifications will state when backfill mav be
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placed against permanent concrete construction with
respect to the time after completion; this time period
is usually from 7 to 14 days. To provide adequate pro-
tection of the structures during backfill construction,

+ pews

the specmcatlons requu'e that the baCkIlll be buiit up
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tion equipment, such as vibratory plate or rammer
type, will be specified before heavy equipment is al-
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lowed to oper ate over the structure. The specifications
require that the surface of the backfill be sloped to
drain at all times when necessary to prevent ponding
of water on the fill. The specifications also provide for

groundwaber control, so that all compacted backfill

Wlll be conStrucr,ea in me ury vvnere seiecCt, Iree-
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specifications list zradatlon requirements. Gradation
requirements are also specified for materials used for
drains and filters.

d. Unusually severe specification requirements may
be necessary for backfill operations in confined areas.
The requirements may include strict backfill material-
type limitation, placement procedures, and compac-
tion equipment.

e. It is not the policy of the Government to inform
the contractor ot ways to accomplish the necessary
protection from freezing temperatures. However, to
ensure that adequate protection is provided, it may

v th 1

necessary to speci
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tailed plans for ap oval for such Drobectlon
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7-1. General. The heterogeneous nature of soil
makes it the most variable construction material with
which engineers are required to work. Research in soil
mechanics and experience gained recently in con-
structing large earth embankments have provided ad-
ditional knowledge toward understanding and predict-
ing the behavior of a soil as a construction material.
However, only with careful control can engineers en-
sure that backfill construction will satisfactorily fulfill
the intended functions. Both the contractor and the
Government share dual responsibility in achieving a
satisfactory product The contractor is responsible for
mspecnon and tests tnrougn ms quauty contr01 sys-
+L
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and specifications to include quahty control requn'e-
ments, supervision, inspection, and testing. The con-
struction contract special provisions explain the qual-
1ty control system tnat the contractor must estabusn

quirements with tue tests, mspecuious ubmittals
that the contractor must follow to _oduc_ acceptable
work.

(1) Prior to construction, the contractor must sub-
mit for approval by the Contracting Officer his plan
for controlling construction quality The plan must
contain all of the elements outlined in the spec1a1 pro-

riginang and damanagteata a nanahiliter far A3 all
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of the construction operations specified in the tech-
nical provisions. The plan must include the personnel

(whether contractor’s personnel or outside private
firm) and procedures the contractor intends to use for
controlling quality, instructions and authority he is
glvmg his personnel and the report form he will use.

1 . X 1

The plan should be coordinated with his pro;ecn con-
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control in consonance with his accepted control plan.
He must maintain current records of his quality con-
trol operations Reports of his operations must be sub-

U [y Ry AP .. Sy}
10 1aentily eacn Speciiic test
(3) The prime contractor is responsible for the

quality control of all work including any work by sub-
contractors.

b. Corps acceptance control. In contrast to the con-
tractor’s quality control, the Government is responsi-
ble for quality assurance, which includes: the checks,
inspections, and tests of the products that comprise
the constructlon, the processes used in the Work and
tne nmsneu WOT ''''''

+

of the contract.

These activities are to assure that defectwe work or
materials are not incorporated in the construction.

¢. Coordination between Government and contrac-
tor. The contractor’s quality control does not relieve
the Contracting Officer from his responsibility for
safeguarding the Government’s interest. The quality
assurance inspections and tests made by the Govern-

ment may be carried out at the same time and ad jacem

to the contractor’s quality control operations. Quality

and quality assurance sunnlement one another

QAST WL QLT Sap/pratalllliy

nnnfrnl
and assist in av01dance of construction deficiencies or
in early detection of such deficiencies when they can
be easily corrected without requiring later costly tear
out and rebuild. The remainder of this chapter discuss-

es the Corps quality assurance activities.

7-2. Corps acceptance control organiza-
tion.
. General. Difficulties in construction of a com-

0011

pacvea backfill can be al:'CI'lDUI»eCl at 1ea5t in part to in-

mnreinman ~AF +ha al +hia nhag

experience of the control personnel in this phase of
nstruction work or lack of emphasis as to the impor-

construction wor

tance of proper procedure and control. Since it is es-
sential that policies with regard to control be estab-
lished prior to the initiation of construction, thorough
knowledge of the capabilities of the control organiza-
tion and of the intent of the plans and specif'ications is

o mh e A

requxrea Control is achieved oy a rewew OI construc-

A well-orzamzed exberlenced mspectlon force can
mean the difference between a good job and a poor
one. A good field inspection organization must be
staffed and organized so that inspection personnel and
laboratory technicians are on the ]ob wnen and where

a smmadad Mhe.e 4l aweas ot hacea
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knowledge of the construction at all times,
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construction, the training, guidance, and support re-
quired to ensure that the inspection force is fully com-
petent should be determined. If experience is lacking,
training and supervision become more important and

necessary.

(1) The training program for earthwork inspec-
4in al ahanld Annaiat Af hath alnaaranm and
M\Jll ycl.wu.ucx OlIVUWIU LVULIDIOV Vi UULL Liadoivvill aliu

field instruction. During the classroom sessions, the

specifications should be studied, discussed, and inter-
preted as to the intent of the designer. The critical
areas of compaction should be pointed out as well as
the location of zoned and transitional areas. The in-
spection personnel shouid be instructed on the various

nvman ~Af hanlrfi1l derennn AF haalefi1l Aoeaiée PITTEN

Z01i€s O1 0ackiin, vypes O1 Gackiiu, GEnsivy require-
ments, and classification and compaction characteris-
tics for each class of backfill. Inspection personnel
should also be instructed as to approved sources of bor-
row for each type of backfill and borrow pit opera-
tions, such as loading procedures to provide uniform
materials and prewetting to provide uniform moisture

~f L ALY L | N ~d
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these materials. Jar samples may be furnished for
later reference and comparison; preferably these
should be samples of the particular soils on which lab-
oratory compaction tests were performed in design
studies. Instructions shouid be given as to water con-
tent CGi‘ui‘Gx, lift Ll‘ut,luww, and most suitable coimpac-
tion equipment for each type of backfill. Inspection
personnel should be capable of recommending alter-
nate procedures to achieve the desired results when
the contractor’s procedure is unsuccessful.

(2) Inspection personnel should be made aware of
the importance of their work by explaining the engi-
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be taken to assemble the inspection force for discus-
sion of construction problems and procedures so that
all can gain knowledge from the experience of others.
Inspection personnel should be kept informed of all de-
cisions and agreements pertinent to their work that
are made at higher levels of administration. They
should be advised of the limits of their authority and
contact with contractor personnel.

(3) Field training of inspection personnel should
include observation of their control techniques and ad-
ditional instruction on elements of fieldwork requiring
correction. Inspection personnel should be instructed
in the teiitale signs that give visual indications wheth-

ar anffiniant anmnantinn ie hainga annliad and nranar
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water content is being maintained (see para 7-5b (4)
and EM 1110-2-1911 for discussion of telltale signs).
They should develop the ability to determine from vis-
ual observations (based on correlations with tests on
the project) that satisfactory compaction is being ob-

7-2
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such methods as a control procedure rather than rely-
ing on field tests alone. Inspection personnel should be
capable of selecting locations at which field density
and moisture determinations should be made. To meet
this requirement they must be present almost continu-
ously during compaction operations to observe and

wrha annanw tn ha ..M.An.l T ahavndnwe:
note areas wnere tests appcal W U 1ii . LAIGOTawTy

tachniriana chnanld he madse availahle tn nerfarm tests
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so that the inspection personnel will be free to observe
the placement and compaction process on another por-
tion of the backfill. Inspection personnel should be
able to use expedient quick-check field apparatus such
as the Proctor and hand-cone penetrometers (sec. B-3,
app. B) to make a rapid check of the field water con-
tent to supplement acceptance testing and to serve as a
guide in determining areas that should be tested. In-
spection personnel should also be well versed in nor-
mal testing procedures so they can properly supervise
testing or explain the procedure in case they are ques-
tioned by contractor personnel.

(4) It is necessary and important that inspection
personnel ascertain their authority and responsibility
at an early stage in the construction. Their policy
should be one of firmness coupled with practicality.
The quality of the work should not be compromised;
however, unreasonable requirements and restrictions
should not be placed on the contractor in enforcing the
specifications. If the inspection personnel know their
job and are fair and cooperative in dealing with the
contractor, they will gain his or her respect and coop-
eration and be able to efficiently carry out their re-

snonsibilities.

b. Field laboratory facilities The field laboratory is

PR §.

'ClSéu for routine wabuxg of construction materials \auul
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berg limits tests) and for determining the adequacy of
field compaction. The data obtained from tests per-
formed by inspection personnel serve as a basis for de-
termining and ensuring compliance with the specifica-
tions, for obtaining the maximum benefit from the
materials being used, and for providing a complete rec-
ord of the materials placed in every part of the project.
The size and type of laboratory required are dependent
on the magmtude of the job and the type of structures
being built. Where excavation and backfill construc-
tion are extensive and widespread, the establishment
of a centrally located field laboratory is generally
beneficial. This laboratory in addition to having equip-

ant far Aan_thainh aantral will nravida o nunlans Af
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experienced soils engineers or engineering technicians
for general supervision and training of inspection per-
sonnel. Field control laboratories on the sites may be
established as necessary during the excavation and

backfill phases of the construction. They may be set up



an enciosed space allocated by the project officer or
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eguip 1ipment for performance of field density tests, wa-
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ter content tests, and gradation tests. Another possi-
bility is the use of large portable boxes in which equip-
ment is stored. When special problems arise and the
required testing equipment is not available at the site
laboratory, the testing should be performed at the cen-
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7-3. Excavation control techniques. Con-
trol to obtain a satisfactory excavation is exercised by
enforcement of approved plans, visual observations, a
thorough knowiedge of the contractor’s pian of opera-
tion and construction uheuune, the dimensions and en-
gineering features of the structure(s) to be placed in
the excavation, and vertical and horizontal control

measurements to ensure that the proper line and grade
requirements are met.
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7-4. Foundation preparation control
techniques. The main control technique for ensur-

ing proper foundation preparation is visual inspection.
Prior to backfill placement, all uncompacted fill
should be removed from those portions of the excava-
tion to be backfilled. The items included are road fills,
loose material that has fallen into overexcavated areas
adjacent to foundations, and construction ramps other

+h +h
than those required for access {6 the excavation. Iden-

tification of such items will be easier if the mﬂnpr'hnn

personnel have charted the items on the plans as they
were created, since they are not always easily discerni-
ble by visual inspection. It is desirable to control earth
backfill placed in foundation leveling operations by
water content and denmty tests. Care should be exer-
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dation are protected by ;dters and transitional zones
that are ed-quate to prevent inf dtr tmn of fines from
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The necessary authority to assure that compacted

backfill is in compliance with the specifications is giv-
en in the specifications. The control consists of in-
specting and testing materials to be used, checking the
amount and uniformity of soil water content, main-
taining the proper thickness of' the Iif'ts being placed

e of the inspec h nbackflll is
be ng placed. However, to be of value the inspector
must know his job. He should be familiar with all as-

w
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pects of backfill operation, such as selection and avail-
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deficiencies in inspection personnel activities are as
follows:

(1) Failing to enforce specification requirements
for preparation of the area for backfill. Often tempo-
rary fills, the working platform, debris, and other un-
desirable materials are 1eft in the excavation causing‘
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weak areas and resulting in
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(2) Failing to be cognizant of detailed site-adapted

plans for stockpllmg and placing backfill at specific lo-
cations. Without knowledge of these plans, inspection
personnel are sometimes forced to make engineering
decisions beyond their capability, such as on-the-site
approval of a new material or mixture of materials,
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adjustment of water content on the fill that should
have been accomplished prior to placement. The re-
sults are the segregation of grain sizes and the nonuni-
form distribution of water content. All major process-
ing, including crushing, raking, mixing, and adjusting
of water content, must be done in the stockpile or bor-
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(4) Allowine lift thickness
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with equipment capabilities and thicker than that al-
lowed by speclflcatlons. Field density determinations
will not necessarily detect this inconsistency.

(5) Allowing construction of backfill slopes that

are too steep to obtain the full effect of compaction

equipment
LN T _Ilem e b senmssimn that $ha 11 ha haiilé 10 13mis
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formly in a well-defined pattern. Since the contractor’s
next move cannot be predicted, the inspection person-

nel cannot adequately plan their operations, and it is
difficult to determine which areas of backfill have
been tested and approved when the backfill is built up
in an unorganized manner.
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(7) Allowing segregati
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hauling, dumping, and spreading techniques.

(8) Allowing the use of compaction equipment not
suited to material being compacted.

(9) Failing to perform sufficient field density test-
ing in critical areas.

(10) Allowing material that is too wet or too dry
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to De compacwu

t intermediate backfill
kfilling at other
locations.

b. ’Mpectw'z ramnrpmen ts. To nrgnerlv control and
inspect backfill operations, the inspection personnel
must keep informed of the construction schedule at all
times and be at the site where backfill is being placed.

7-3



TM 5-818-4/AFM 88-5, Chap. 5

The inspection personnel must be thoroughly familiar
with every aspect of the earthwork section of the
specifications and know boundary locations for the
various zones of material. They should be able to read-
ily identify the various classes of backfill and know
their compaction characteristics and requirements.
Good inspection personnel will also know the compac-
tion capabilities of various types of equipment and the
materials that each type is best suited to compact.

(1) To maintain adequate control of compaction
operations, a staff of earthwork inspectors and labora-
tory personnel commensurate with the importance of
the work and size of the operation is essential. There
should be at least one inspector at the fill when back-
fill is being placed. His sole duty should be inspection
of earthwork. Although he should be familiar with the
testing procedures and capable of directing testing op-
erations and selecting locations for testing, he should
not be required to perform the tests. Laboratory tech-
nicians should be available for this purpose. A discus-
sion of the methods and procedures for field density
testing of the compacted fill is contained in section
B-3, appendix B.

(2) The specifications should require that neces-
sary processing of backfill materials be performed in
the stockpile or borrow pit. Processing includes raking
or crushing to remove oversize material, mixing to pro-
vide uniformity, and watering or aerating to attain a
water content approximating optimum for compac-
tion. An earthwork inspector is required at the stock-
pile or borrow pit to enforce these provisions. In addi-
tion, this inspector has the duties of classifying the
materials, determining their suitability, and directing
the zone of backfill in which they are to be placed. He
is charged with the responsibility of seeing that the
contractor uses the materials available for backfill in
the most advantageous manner. Generally, the stock-
pile or borrow pit inspector relies upon visual inspec-
tion and experience to exercise control over these oper-
ations. Occasionally, he may require that appropriate
tests be performed to confirm his judgment.

(3) The duties of the backfill inspector consist of
checking the material for suitability as it is placed on
the fill and spread, ensuring that any oversize mate-
rial, roots, or trash found in the material is removed,
checking the thickness of the lift prior to compaction,
checking for uniformity and amount of water content,
observing compaction operations, and directing or
monitoring testing of the compacted material for com-
pliance with density and water content requirements.

(4) There are many techniques and rule-of-thumb
procedures that the earthwork inspector can and must
resort to for assistance in his work. A few of them are
discussed below; others can be ascertained by inspec-
tors meeting together to discuss problems and correc-
tive action.

7-4

(@) The thickness of loose lifts can be checked
easily by probing with a calibrated rod just prior to
compaction. Compaction of lifts too thick for the
equipment will not normally be detected by perform-
ing density tests on the lift, since adequate compaction
may be indicated by a test made in the upper portion
of the lift and the lower portion may still have too low
a density. It is therefore a requisite that lift thickness
be controlled on a loose-thickness basis prior to com-
paction.

(b) Checks for proper bond between layers can
be made by digging through a lift after compaction
and using a shovel to check this bond. If the soil can be
separated easily along the plane between lifts, suffi-
cient bond is not being provided. Backfill materials
should not be placed on dried or smooth surfaces, as
bond will be difficult to obtain.

(c) Inspection personnel should be thoroughly
aware of areas where compaction is critical. These
areas are the confined spaces around and adjacent to
structures that are not accessible to the rolling and
spreading equipment. Although the volume of backfill
is usually rather small in these areas, a much higher
frequency of check testing for density is required as
well as a careful check of the quality and water content
of the materials to be placed.

¢. Compaction control tests. Compaction tests will
have been performed on representative specimens ob-
tained from exploratory sampling prior to construc-
tion. The selection of suitable backfill material are in
fact generally made based on these and other tests. At
least during the early phases of the backfill operation,
density requirements are based on these and in some
cases additional preconstruction compaction tests.
Conditions may develop that require compaction tests
during backfill operations to establish new density re-
quirements. Generally, these changes are the results of
backfill material deviations. The need for additional
control tests may be ascertained from visual observa-
tion and changes in compaction characteristics during
field compaction. For most backfill materials, quality
acceptance compaction control tests must be per-
formed according to the CE 55 test procedure specified
in MIL-STD-621, the equivalent procedure in ASTM
D 1557, or the two-point test procedure (app B). For
some cohesionless soils where higher maximum dry
densities can be obtained using the vibratory (relative
density) compaction procedure, the specifications may
require the vibratory test procedures as specified in
EM 1110-2-1906 or ASTM D 2049. Field compaction
control and rapid compaction check tests that are used
to supplement the Corps acceptance control tests are
discussed in appendix B.

d. Field moisture-density control techniques. Mois-
ture-density control is the most important phase of
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backfill density often determines the functional serv-
ice of the imbedded structure. Good control involves
many techniques. An experienced inspector will not
rely on any one technique but from experience will
base his control on a combination of techniques. Mois-
ture-density control techniques may be grouped into
three categories: rule-of-thumb techniques, and indi-

rect and direct moisture density measurements.
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niques are denved from experience and are based on
visual observations and feel of the material. A rule-of-
thumb for judging if the water content of a fine-
grained, plastic material is near the optimum water
content consists of rolling the material between the
hands until it forms a thread approximately % inch in
diameter. If the material at this stage tends to crack or

crumble, it is in the proper water content range for
commuaction, T{- nn" ha rnnna'nvn:ﬂ Hnnf ann mafhnﬂ is
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similar to the method of determmmg the plastic limit
of a soil. The methods are similar because the optimum
water content for compaction of a cohesive soil
roughly approximates the plastic limit of the soil.

(@) Another good indication of whether the
proper water content has been obtained can be deter-
mined by observing the compacting equipment. When
a sheepsfoot roller is being used and the soil sticks to

the vn"nr to any grnnf nvfonf the mnfnﬂnl is hn\ng

rolled too wet for the equlpment being used; at opti-
mum water content it may be expected that a few
clods will be picked up by the roller but a general stick-
ing will not occur. If the compacted fill does not def-
initely spring (noticeable to visual observation) under
hauling and compaction equipment, it is probable that
several lifts of fill have been placed too dry. The roller
should roll evenly over the surface of the backfill if wa-
ter content ig uniform throughout the lift and should
not ride higher on some portions of the backfill than
on others. If on the first pass of a rubber-tired roller
the tires sink to a depth equal to or greater than one-
half the tire width, if after several passes the soil is
rutting excessively, or if at any time during rolling the
weaving or undulating (as opposed to normal “spring-
ing” of the surface) of the material is taking place
ahead of the roller, either.the tire pressure is too high
or the water content of the material is too high. On the
other hand, if the roller tracks only very slightly or not
at all and leaves the surface hard and stiff after sev-
eral passes, the soil is probably too dry. For most soils
having proper water contents, the roller will track
evenly on the first pass and the wheels will embed 3 to
4 inches. Some penetration should be made into soil at
its proper water content, though the penetration will
decrease as the number of passes increases. After sev-
eral passes of a sheepsfoot roller; the roller should

start walking out if adequate and efficient compaction
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bearing on the soil through its feet only—the drum is
riding a few inches above the soil surface. If the roller
walks out after only a few passes, the soil is probably
too dry; if it does not walk out but continues churning
up the material after the desired number of passes, the
soil is too wet or the foot contact pressure is too high.
(b) A trained inspector will spend some time in
the field laboratory, performing several compaction

tagts an sach tvne of backfill material to bacome famil.
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iar with the differences in looks, feel, and behavior
and learning to recognize when they are too dry or too
wet, as well as when they are at optimum water con-
tent.

(2) Indirect methods. Indirect methods of deter-
mining the density and water content involve meas-
urement of the characteristic of the material that has
been previously correlated to the maximum density
and optimum water content, These methods of meas-
uring in-place density and water content can usually
effect a more detailed control of a job than can be ac-
complished by direct methods alone because they can
provide quicker determinations. However, no indirect
method should ever be used without first checking and
calibrating it with results obtained from direct meth-
ods, and periodic checks by direct methods should be
made during construction. Indirect methods include

the nse of the nuclear mnlnhlrn.ﬂnnmfv mnh:r the
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Proctor penetrometer (often referred to as the “Proc-
tor needle”), the hand cone penetrometer, and in the
hands of an experienced inspector even a shovel.

(@) The nuclear moisture-density method con-
ducted in accordance with ASTM D 2922 (for density
determination) and ASTM D 3017 (for water content
determination) is the only indirect control method
used for the Corps quality acceptance control. The
method provides a relatively rapid means for deter-
mining both moisture content and density. Of the
three methods presented in ASTM D 2922, Method B
- Direct Transmission is the best suited for a com-
pacted lift thickness exceeding approximately 4
inches. The nuclear moisture-density method is dis-
cussed in more detail in section B-3, appendix B.

(b) Penetrometers, such as the Proctor and hand
cone penetrometers, are useful under certain condi-
tions for approximating density. However, hoth meth-
ods require careful calibration using soils of known
density and water content and considerable operating
experience. Even then, the results may be questionable
because nonuniform water content (in fine-grained
material) or a small piece of gravel can affect the pene-
tration resistance. Penetrometers, therefore, are not
recommended for general use in compaction control;
however, they can be a very useful tool in supplement-
ing the inspector’s visual ohservations and providing a
general guide for detecting areas of doubtful compac-
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tion. The procedure using the Proctor penetrometer
for determining the relation between wet density,
penetration resistance, and water content is described
in ASTM D 1558 and in section B-3, appendix B. The
hand cone penetrometer procedure also is discussed in
section B-3.

success in e pl
resistance of the pacted soil to penetration by a
spade. This method reqmres considerable experience
and is useful only in detecting areas that might require
further density tests.

(3) Direct methods. Direct field density deter-
mination consists of volume and weight measurements
to determine the wet density of in-place backfill and
water content measurements to determine in-place wa-
ter contents and dry densities. The three methods used
for the Corps quality acceptance density determina-
tion are: (a)the sand-cone method according to
MIL-STD-621 (Method 106) and ASTM D 1556;
(b) the rubber-balloon method according to ASTM D

i A anhaciesn s
2167, and for soft, fine-grained cohesive soils, the

drive-cylinder method according to MIL-STD-621
(Method 102) and ASTM D 2937. In addition to the ap-
proved methods, a method sometimes employed to
measure densities of coarse-grained cohesionless mate-
rial consists of the large-scale, water-displacement
method. The large-scale, waber-displacement method

nnnnnnnn e 1N 9O 1011
is discussed in EM 1110-2-1911. The sand cone

method is considered to be the most reliahle method
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and is recommended as the proof or calibration test for
calibrating other methods such as the nuclear density
method. The direct field density methods are discussed
in section B-3, appendix B.

e. Water content by microwave oven. The biggest
problem associated with both field compaction tests
and in-place density and water content control tests is
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tent. Conventional nvnnrlnnng methods require from

15 to 16 hours for most fine-grained cohesive soils. In
some cases, such as confined zones, the contractor may
have placed and compacted several layers of backfill
over the layer for which density tests were made be-
fore quality acceptance test data are available. Even
though the contractor places successive layers at his

wn m + A toat
own risk, a rapid turn around between testing and test

results could prevent costly ‘tear out and recompact
procedures. Drying specimens in microwave ovens of-
fers a practical means for rapid determination of wa-
ter content for most backfill materials if properly con-
ducted. Times required for drying in a microwave oven
are primariiy governed by the mass of water present in

AAAAAAAA d outnit of tha avan
the specuucu and the puwcl.'}uuu output of the oven.

Therefore, drying time must be calibrated with respect
to water content and oven output. Also, it may not be
possible to successfully dry certain soils containing

7-6

gypsum or highly metallic soils such as iron ore, alu-
minum rich soils, and bauxite, Details of the micro-
wave-oven method used for rapid determination of soil
water content is given in section B-3, appendix B.

f. Frequency and location of quality acceptance
density tests. Acceptance control testing should be
more frequent at the start of backfill placement. After
compaction effort requirements have been firmly es-
tablished and inspection personnel have become famil-
iar with materials behavior and acceptable compaction
procedures, the amount of testing can be reduced.

e S o dl

many factors influence the irequency and location of

tests. The frequency will be dependent on the type of

material, adequacy of the compaction procedures, and
how critical the backfill being compacted is in relation
to the performance of the structure.

(1) A systematic testing program should be estab-
lished at the begmmng of the job. Acceptance control
tests laid out in a predetermined manner are usually
designated as routine control tests and are performed
either at designated locations or at random representa-
tive locations, no matter how smoothly the compaction
operations are being carried out. A routine acceptance
control test should be conducted for at least every 200
cubic yards of compacted backfill material in critical
areas where settlement of backfiﬂ may lead to struc-
tural distress and for at least every 500 cubic yards in
open areas not adjacent to structures.

(2) In addition to routine acceptance control tests,
tests should be made in the following areas: where the
inspector has reason to doubt the adequacy of the com-
paction; where the contractor is concentrating fill
operations over relativeiy small areas; where small

arny haing 11and n“nk an in A
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fined areas; and where field instrumentation is in-

stalled, mamly around riser pipes.

8. Errors in field density measurements. Density
and water content measurements determined by any
of the methods discussed above are subject to three
possible sources of errors. The three categories of
possible error sources are human errors, errors asso-
ciated with equipment and method, and errors attrib-
uted to material property behavior.

(1) Human error includes such factors as improper
equipment readings and following improper test pro-

uantitative. However,
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cedures. Human errors
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errors of this type may be minimized by utilizing com-
petent testing personnel familiar with testing proce-
dures.

(2) There are two types of possible errors related
to test equipment. One type of error relates to the
sensitivity of the equipment with respect to its capa-
bility to accurately measure the true density or water
content. Sensitivitv errors are auantitative onlv in the
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sense that limiting ranges of p0981ble error can be es-



tablished. An example of sensitivity error would be the
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densities only to within 3 to 5 pounds per cubic foot of
the true density. The second type of error relates to
constant deviations between measured and true densi-
ty. Constant deviation errors can be corrected by cali-
brating test equipment against known densities.

(3) Material property errors are primarily limited
to density determinations using either the sand-cone
or the rubber-balloon method in sands. When a soil is
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an in-place density measurement using these two
methods, a shearing action of the soil is unavoidable.
Cohesionless soils are sensitive to volume change
during shear, dense sands tend to expand and increase
in volume, and loose sands tend to contract and de-
crease in volume. Errors of this nature cannot be
quantified or detected in the field. However, such
errors can be as high as 6 percent for sand using the
rubber-balloon method for volume measurements.

n. Acceptance or rejection. The inspection person-
nel have the responsibility to accept or reject the back-
fill or any part thereof based on the quality acceptance
control tests. On the surface, this task seems straight-
forward. If a segment of the backfill tested at several
locations for acceptance passes or fails to pass mini-
mum requirements by a wide margin, then it is gener-
ally safe to assume that the backfill within that seg-
ment either has or has not been adequately compacted

unu Eﬂe au,epwm,e Or I e]ecuon UI Bnac segtnent can De
made based on the test results. On the other hand, if
the tests indicated insufficient compaction, the size of
the affected area may be questionable; it is possible
that the test(s) represents only a small area and the lift
being tested may be sufficiently compacted elsewhere.
In view of the possible errors associated with control
tests, tests that indicate marginal passage or failure
should be treated with caution. The borderline case re-
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qdfucu a close look at several factors: how the result
compares with all previous results on the job, how
much compaction effort was used and did it differ
from previous efforts, how does this particular mate-
rial compare with previously compacted materials, the
importance of the lift location in relation to the entire
structure, and the importance of obtaining the correct
density or water content from the designer’s stand-
point. When all factors have been considered, a deci-

sion is made as to which corrective measures are re-
quired. What makes such decisions so difficult is that
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they must be made immediately; time will not permit
the problem to be pondered. Discussion with design
engineers prior to beginning compaction operations
may help in the evaluation of many of these factors.

(1) On jobs requiring large volumes of backfill, it
may be advantageous to base the decision to accept or
reject on statistical methods. Statistical methods re-

TM 5-818-4/AFM 88-5, Chap. 5
quire separate analysis for each backfill material type
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test locations, and a large number of control tests as
compared with the conventional decision method. In
addition, statistical methods include water content
control, which is not normally included in military
specifications.

(2) The theory and details concerning the applica-
tion of statistical methods for compaction control are
well developed. Figure 7-1 shows a sequential inspec-

thﬂ nlan ovnmnln of how the end results of a statis-

tical analysm mlght be used for the purpose of accep-
tance or rejection. In this example, it was established
by statistical analysis that adequate densities could
probably be obtained with reasonable confidence by a
given compaction effort for desired water contents
ranging from 3 percentage points below to 1 per-
centage point above optimum. It was also established
that a density corresponding to 95 percent of CE 55
maximum dry density was the minimum acceptable
density based on required engineering performance of
the backfill. The sequential inspection plan consists of
examining, in sequence, single tests that are obtained
at random from a segment of the backfill being consid-
ered for acceptance or rejection and, for each test,
making one of three possible decisions: the segment is
acceptable; the segment is unacceptable; and the evi-
dence is not sufficient for either decision without too
great a risk of error as indicated by the retest block in
figure 7-1(a). The reject areas in figure 7-1 indicate
conditions that cannot be corrected by additional roll-
ing. The material must be replaced in thinner lifts and
be within the desired water content range before ade-
quate compaction can be achieved with the compaction
equipment being used. If the retest decision is reached,
an additional test is made at a second random location,
and the same three decisions are reconsidered in light
of this additional information. If the second test falls
below the accept blocks, the segment of backfill repre-
sentative of that test should be rejected; or if compac-
tion procedures that have produced acceptable tests in
the past have not been altered, then the compaction
characteristics of that part of the backfill should be re-
evaluated

Tha nrimary advantags of gtatiaticral mathade
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is that they offer a means of systematically evaluating
acceptance or rejection decisions rather than leaving
such decisions entirely to the judgment of the inspec
tion personnel. However, if experienced and wel.
trained inspection personnel are available, this ap-
proach may not be necessary.

i. Construction reports. A record should be main-
tained of construction operations. It is valuable in the
event repairs or modifications of the structure are re-
quired at a later time. A record is necessary in the
event claims are made either by the contractor or the

-7
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AT RANDOM LOCATION

Figure 7-1. Acceptance Rejection Scheme for a Backfill Area.

Contracting Officer that work required or performed
was not in accordance with the contract. Recorded
data are also beneficial in improving knowledge and
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practices for future work. The basic documents of the
construction record are the plans and specifications
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modifications adopted that were considered to come
within the terms of the contract, amendments to the
contract such as extra work orders or orders for
change, results of tests, and measurements of work
performed. The amount of reporting required varies
according to the importance and magnitude of the

awtharawnls mhacsa Af ¢ha nuniand amd sl
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degree of available engineering supervigion, The forms
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to be used should be carefully planned in advance, and
the inspection personnel should be apprised of the im-

7-8

portance of their reports and the need for thorough
reporting Records should be made on every test per-
Iormea in the 1aooratory ana in the nem Au inxorma

18CC LIV JEelSUl. 11

tion concerning progress, adequacy of the work per-
formed, and retesting of areas requiring additional
work to meet specifications. These daily reports could
be of vital importance in subsequent actions. It is good
practice xor the mspecnon personnel to Keep a uauy
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APPENDIX B

FUNDAMENTALS OF COMPACTION, FIELD COMPACTION TEST METHODS,

AND FIELD MOISTURE-DENSITY TEST METHODS

Section B-1. FUNDAMENTALS OF COMPACTION

B-1. Factors influencing compaction. Soil
compaction is the act of increasing the density (unit
weight) of the soil by manipulation by pressing, ram-
ming, or vibrating the soil particles into a closer state
of contact. The most important factors in soil compac-
tion are type of soil, water content, compaction effort,
and lift thickness. It is the purpose of field inspection
to ensure that the proper water content, lift thickness,

and snmnantinn affart are naed for each anil tvne gn

QAIU UV PGUUAVAL VAAVA YV QAT MOV AVL TVlvai Vel vy pv SV

that the desired degree of compaction is obtamed
When the water content, lift thickness, or compaction
effort being used does not produce the desired degree
of compaction, changes may be necessary. The deter-
mination of the necessary changes of these factors to
produce the desired degree of compaction requires
knowledge of the principles governing the compaction
of soils. Therefore, it is important that inspection per-

aonnel have a general understanding of the fundamen-
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tals of compaction.

a. General. It has been established through research
and construction experience that there is a maximum
density to which a given soil can be compacted using a
particular compaction effect. For each soil and a given
compaction effort, there is a unique water content,
which is called the optimum water content, that pro-
duces the maximum density. The purpose of the lab-
oratory compactiion test is to determine the variation
in density of a given soil at different water contents
when compacted at a particular effort or efforts. Nor-
mally, the soil to be used is compacted in the labora-
tory over a range of water contents using the impact-
compaction procedures given in MIL-STD-621A and
ASTM D 1557. The compaction effort used is selected
on the basis of the requirements of the structure. In
foundation or backfill design for most major struc-
tures, the CE 55 uuso termed mOuxueu; compacuon ef-
fort that produces approximately 56,000 foot-pounds
per cubic foot of compacted soil should be used.

(1) For some cohesionless soils, a greater maxi-
mum density can be obtained using vibratory-type
compaction procedures given in EM 1110-2-1906 and
ASTM D 2049 than can be obtained using
MIL-STD-621A or ASTM D 1557 impact-compaction
procedure. Thus, there may be cases where the vibra-

tory compaction method may be more appropriate in
determining the maximum density. The compaction
effort used for design purposes should be the basis for
construction control.

(2) A compaction curve is developed in the impact-
compaction test by plotting densities (dry unit
weights) as ordinates and the corresponding water
contents (as percent of dry soil weight) as abscissas.

For most soils the curve nroduced is generallv nara-
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bolic in form. Figure B-1 shows a compaction curve.
The water content corresponding to the peak of the
curve is the optimum water content. The dry unit
weight of the soil at the optimum water content is the
maximum dry density. The zero air voids curve repre-
sents the relation between water content and dry den-
sity for 100 percent saturation of the particular mate-
rial tested. Thus, it shows the dry density for a given

water contant hased an the condition that all the air is
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forced out of the voids by the compaction process.

b. Influence of soil type. Compaction characteristics
vary considerably with the type of soil. Figure B-2
shows four compaction curves representing the water
content-density relation for four general soil types for
standard compaction. The maximum dry density for a
uniform sand occurs at about zero water content, al-
though density approaching maximum can be obtained
when the sand is saturated. A very snarp pé&xiéu curve
of dry density versus water content is usually obtained
for a silt, and water content is critical to achieving
maximum density. A small change in water content (as
small as 0.5 percentage point) above or below optimum
causes a significant decrease in the density (as much as
2 to 4 pounds per cubic foot) for a given compaction ef-
fort. The compaction curve for a lean ¢lay is not as
sharp as that for the silt, and water content control is
not as critical. Optimum water contents for silts and
lean clays generally range between 15 and 20 percent.
The compaction curve for fat clays is rather flat and
water content is not particularly critical to obtaining
maximum density; a 2 to 3 percentage point change in
water content from optimum for fat clays causes only
a small decrease (1 pound per cubic foot or less) in den-
sity. The maximum dry density, as obtained in labora-
tory compaction tests using MIL-STD-621A and

B-1
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Figure B-2. Typical compaction test curves.

ASTM D 1557 or modified compaction effort, depends
on the soil type and varies generally from about 125 to
140 pounds per cubic foot for well-graded, sand-gravel
mixtures to about 90 to 115 pounds per cubic foot for
fat clays. The optimum water content generally ranges
from zero for the sand-gravel mixtures to about 30 per-
cent for the fat clays.

c. Influence of water content. For a given fine-
grained soil and a given compaction effort, the water
content determines the state at which maximum dry
density occurs. At low water contents when the soil is

B-2

stiff and hard to compress, low, dry densities and high
values of air content result. As the water content is in-
creased, higher dry densities and lower air content
values are obtained. Increased densities result with an
increase in water content up to optimum water con-
tent. Beyond this point, the water in the voids becomes
excessive, and pore pressures develop under the appli-
cation of the compaction effort to resist a closer pack-
ing; lower dry densities are the result.

d. Influence of compaction effort. For most soils, in-
creasing the energy applied (compaction effort) per
unit volume of soil results in an increase in the maxi-
mum density (unit weight). This greater density occurs
generally at a lower water content. This phenomenon
is evident in both field and laboratory compactions.
Thus, for each compaction effort, there is a unique op-
timum water content and maximum dry density for a
given soil. Figure B-3 shows the effect of variation in
compaction effort on the maximum dry density and
optimum water content for a lean clay (CL). Where
values of maximum dry density and optimum water
content are specified, they should be referenced to the
compaction effort used.

e. Influence of lift thickness. Compaction effort ap-
plied to a soil surface dissipates with depth. Therefore,
it is important that the lift thickness to be compacted
be commensurate with the type of soil and the compac-
tion effort. With proper consideration and control over
factors influencing compaction, most soils can be com-
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Figure B-3. Molding water content versus density-lean clay (labora-
tory impact compaction).



pacted to provide a stable backfill, with the exception
of certain bouldery soils and soils containing signifi-
cant amounts of soluble, soft, or organic materials.

B-2. Mechanics of compaction. The influ-
ence of the water content on compaction is markedly
different on coarse-grained, cohesionless soils and
fine-grained, cohesive soils. As a result, the mechanics
or manipulation of soil grains in the two types of soil
during the compaction process are different. The

hani £ 43 i 1
mechanics of compaction for the two soil types are dis-

cussed in subsequent paragraphs.

a. Compaction of coarse-grained soils. Compaction
of coarse-grained soils that contain little or no fines
and thus exhibit no plasticity (termed cohesionless

QAL VAl TARZZDAL 22D pafRallb) LeLIlIeU LuUllesiUiiiess

soils) is achieved by causing the mdlwdual particles to
move into a closer, more compact arrangement, with
smaller particles filling in voids between larger parti-
cles. The compaction energy overcomes friction at con-
tact points between particles as they move past one an-
other into closer packing.

(1) A loose volume of coarse-grained soil, such as
gravel or sand, contains spaces or “voids” between in-
dividual narticles that are filled with air and/or water.
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The density that can be obtained in such a soil under a
given amount of compaction effort depends on the
gradation and shapes of the particles and on the water
content. For a well-graded gravel or sand, the range of
particle sizes is sufficient to allow a fairly compact ar-
rangement of particles, with smaller particles filling in
the voids between larger particles. For poorly graded
soil, either of uniform gradation or skip-graded (lack-

ing a specific range of particle sizes), the distribution

of partlcle sizes hm1ts the density that can be ob-
tained. Segregation of similar size particles in a skip-
graded material tends to occur and prevents the voids
from being greatly reduced. In a uniform soil, point-to-
point contact occurs at very low compaction effort and
low density results; further increase in density can
only be accomplished by crushing the grains. There-
fore, a well-graded, coarse-grained material can gener-
ally be compacted to a greater density under a given
compaction effort than a poorly graded, coarse-
grained soil. The increase in maximum density with in-
crease in compaction effort will be greater for a well-
graded soil than that for a poorly graded soil.

(2) Rounded particie shapes facilitate movement
and sliding of particles, while angular particle shapes
restrict movement and sliding of grains in relation to
one another. For either a well-graded, or a poorly grad-
ed, coarse-grained material, increase in angularily of
grains requires a correspondmg increase in compac-
tion effort to obtain a given density. However, a high-
er density can usually be attained with angular soils
because the particle shapes are more conducive to fill-

ing the voids.
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(3) For coarse-grained soils containing only a
small percentage (5 or less) of fine-grained particles,
maximum density is more readily obtained when the
soil is either dry or saturated. For water contents be-
tween these limits, the water in the soil forms menisci
between the particle contacts, which tend to hold the
soil particles together. This resistance to movement of
particles into a more compact structure, termed appar-
ent cohesion or “bulking,” results in lower densities
than those for either a dry or saturated cohesionless
soil under the same compaction effort.

(4) It is to be noted that in the preceding para-
graphs, the discussion has centered around the density
in weight per unit volume of coarse-grained soils with
different gradation characteristics. A more realistic
parameter that is often used is the relative density of
cohesionless coarse-grained soils. Relative density ex-
presses the degree of compactness of a cohesionless
soil with respect to the loosest and the densest condi-
tions of the soil that can be attained by specified
laboratory procedures. A soil in the loosest state would
have a relative density of zero percent and in the dens-
est state, a relative density of 100 percent. The dry
unit weight of a cohesionless soil does not, by itself, re-
veal how loose or how dense the soil is due to the influ-
ence of particle shape and gradation on the density.
Only when viewed against the possible range of varia-
tion, in terms of relative density, can the dry unit
weight be related to the compaction effort used to
place the soil in a backfill or indicate the volume-
change tendency of the soil when subjected to founda-
tion loads.

(5) Most coarse-grained soils can be compacted to
a density such that detrimental additional consolida-
tion will not take place under the prototype loading.
This factor is the first important consideration. An-
other important consideration may be that the com-
pacted soil be sufficiently pervious to provide good
drainage. Proper consideration of these two basic
factors will allow the use of most coarse-grained soils

for backfill purposes.

b. Compaction of fine-grained soils. The mechanics
by which fine-grained soils are compacted is quite com-
plex because capillary pressures, hysteresis, pore air
pressure, pore water pressure, permeability, surface
phenomena, osmotic pressures, and the concepts of ef-
fective stress, shear strength, and compressibility are
involved. Numerous theories have been developed in
an attempt to explain the compaction mechanics. The
current state-of-the-art theories involving effective
stress give satisfactory explanations. The basic con-
cepts of these theories are discussed below.

(1) Fine-grained soils are compacted in a partially
saturated state; therefore, voids or pores contain both
pore air and pore water between the soil particles. Ini-

B-3
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tial compaction water contents below optimum resuit
in initial high pore air pressures and pore water pres-
anwaa wrhinh madiina ahaow atwanath and allaw anil
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particles to slide over one another displacing the pore
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air to form a more dense mass. This process continues
as long as the trapped pore air pressure can escape but
requires increasing amounts of compaction effort to
achieve higher densities since the soil particles carry
increasing amounts of the compaction energy. For a
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1uous, and the air is tranned. When the air voids be-
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come completely discontinuous, the air permeability of
the soil drops to zero; no further densification is possi-
ble because at this condition transient pore air pres-
sures can develop that resist the compaction effort. At
zero permeability the sou has reached its so-caued
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Section

8-2, FIELD C
B-3. General. Laboratory test data obtained from
laboratory-compacted specimens provide a basis for
design, and it is assumed that the engineering charac-
teristics that wiii be 'buiit into the field-compacted
Lo LO =11 L
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soils, laboratory densities, water contents,

ents, a
strength characteristics can be tnsfactonl, repr
duced in a field-compacted backfill.
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mum water content and maximum drv densitv, or de-

termination of relative density if more appropriate for
the fill materials that are cohesionless. For fine-
grained or coarse-grained soils with appreciable fines,
field results are compared with results of CE 55
laboratory (modified effort) compactxon tests per-
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MIL-STD-621A and ASTM D 1557. For free-draining
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cohesionless soils, relative densitv of the fill material

is Eé;e;;;r—léd, if appropnat;: _igxgng;ll;atory test pro-
cedures prescribed in EM 1110-2-1906 and ASTM D

2049.

b. Frequency compaction control tests. The per-
formance of a standard laboratory compaction test on
material from each field density test would give the
most accurate relation of the in—piace material to opti-
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mum water content and maximum uensny, but this
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could not keep pace with the rate of fill n]aopmenf_
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However, standard compaction tests should be per-
formed during construction (1) when an insufficient
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also be established by closer packing of soil particles, it
is evident that lower optimum water contents are pos-
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with trapped pore air and pore water and thereby pre-
vents the soil particles from moving into a more com-
pact arrangement no matter what the compaction ef-
fort. Pore water pressure increases significantly with
mcreasmg water contents and causes increased reduc-
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sinks deeper and deeper into the soil as water content

increases past optimum. The same process occurs in
the field when sheepsfoot rollers sink into the soil un-
til the weight is carried by the drum or excessive rut-
ting with rubber-tired rollers.

number of the compaction curves were developed dur-
ing the design phase, (2) when borrow material is ob-
tained from a new source, and (3) when material simi-
lar to that being placed has not been tested previousiy.

In any event, laboratory compaction tests should be
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(preferably 1 test for every 10 field density tests) to
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check the optimum water conbent and maximum dry
density values being used for correlation with field
density test results.

¢. Quick field compaction tests. In addition to the
standard compaction or relative density tests (para
B-2a), at least four relatively quick compaction test
methods can provide good approximations of maxi-
mum dry density comparabie to the standard methods.
The quick compaction methods include: one-point and

twa-noint caomnaction methads: the Water and Power
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Resource Service (WPRS), formerly U.S. Bureau of

Reclamation (USBR) rapld compaction control
method; and for granular cohesionless material, com-
paction control by gradation. Since only the one-point
and two-point methods are currently accepted by the
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Corps of Engineers for compaction control tests, only
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R and gradation methods are briefly summarized.
(1) One-point compaction method. In the one-
point compaction method, material from the field
density test is allowed to dry with thorough mixing to
obtain a uniform water content on the dry side of esti-
mated optimum, and then compacted using the same
equipment and procedure used in the five-point stand-
ard compaction test. The water content and dry densi-
tv of the comnacted samnple are then used to estimate
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its optimum water content and maximum dry density
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as illustrated in figure B-4. The line of optimums is



well defined in the figure, and the compaction curves
are approximately parallel to each other; consequent-

ly, the one-point compaction method could be used
with a relatively high degree of confidence. In figure
B-5, however, the optimums do not define a line, but a
broad band. Also, the compaction curves are not paral-
lel to each other and in several instances cross on the
ur'y side. To illustrate the error that could result from
using the one-point method, consider the field density
and water content shown by point B in figure B-5.
Point B is close to three compaction curves. Conse-
quently, the correct curve cannot be determined from
the one point. The estimated maximum dry density
and optimum water content could vary from about
92.8 pounds per cubic foot and 26 percent, respective-

Teo 4 OE N necn Ao casnee achhin fand awmd O4 cvnwanmé
1y, W J9.V pounus per Cuvll 100L allu &% peileiy, re-
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spectively, depending on which curve was used, There-

fore, the one-point method should be used only when
the basic compaction curves define a relatively good
line of optimums.

AR L. SA\\
He 7 NN\ FL0Cus OF Max DAY DENSITY ANO
/ m\(w‘ o oPTRANS)

N N

- o CSTIMATED / _ \ K \

: 109 ——— MAX ’oilu. PCr ‘

. /| N\

1 / 1/ VRS

2 /A A‘\\\\i

§ 00 ~ v A\‘ \\
R\
CSTIMATEO \\ \\

L] OPT waip 0‘7 \\\\

COMMACTION CUMVE FROM N\ \ \
FIVE-POMT STANDARD EFFORT \
TEST O SOAROW AATLR/AL ————1 N N
\ \
| | AN
et e s 25 28 ¢ Y
WATER CONTENT, %
PROCELOURT
I. POMNT A 1S THE RESULY OF A ONE - POINT STANDARD CFFORT COMPAC TION TEST ON

WMATIRIAL FROM FiTLD ﬁu;u ¥ TEST. THiS POINT MABT I ON TR SRV 8 &F
OPYTIMUM WATER CONTENT.
2. POINT O GIVES THE !l"mAY(D OPT W AND MAX 7, OF THE FHLL MATERIAL BaSCD
(4
ON A PROJICTION OF POINT A APPROXIMATELY PARALLEL TO THME ADJACEINT COM-~
PACT ION CURVES.

Two-point compaction test results. In the two-
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tent (otherwise, reduced by drying to this
condition) using the same equipment and procedures
used in the five-point compaction test. A second sam-
ple of material is allowed to dry back about 2 to 3 per-
centage points dry of the water content of the first

sample and then compacbed in the same manner. Af-
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Figure B-5. Iilusiration of possible error using one- and iwo-poini
compaction methods.

(para B-8a), and dry densities are computed. The re-
CVhn e cimad ha A difer dha annimAanw nantinn

in figure B ___rrant the use of the two-point compac-
tion test since the five-point compaction curves are not
parallel. Using point A only as in the one-point test
method would result in appreciable error as the shape

of the curve would not be defined. The estimated com-

paction curve can be more accurately defined by two
compaction points as shown. Although the two-point

method is more accurate than the one-point method,
neither method would have acceptable accuracy when

applied to the set of compaction curves shown in
figure B-5.

(8) Rapid one-point test for sands. A rapid check
test for compaction of uniform sands (br' to bM) with

less man 10 percent fines (mmus No. 200 sieve) is a

modified uuc-pumu test. The uv'cﬂd;j sand is com-

pacted in a 4-inch-diameter mold using CE 55 (modi-
fied) effort. Correlation with standard compaction
tests is required to confirm the validity of test results
for different sands used on each project.

(4) USBR rapid compaction control method. De-
tails of this method are described in the USBR bartn

. o e 1
No. 4 sieve) cohesive soils with li

Fs
n 50. The method, however, is ap-
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cable to soils containing oversize partxcles providing

the proper corrections, as stated in EM 1110-2-1911,
Appendix B, are applied. It is a faster method than the
standard compaction test and is often more accurate
than other methods. The method usually requires add-

ing water to or arymg back sampled fill material, and

thorough mixing is needed to obtain uniform drying o
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Figure B-6. Illustration of two-point compaction method.

distribution of added water Otherwise the results
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In tough clays, it is likely to be inaccurate because of
insufficient curing time for the specimens.

(5) Grain-size gradation compaction control meth-
od. This test method developed in 1938 is applicable to
coarse, medium, and fine-grained sands. The method
involves sieve analysis to establish grain-size grada-
tion curves, whose shapes are then correlated with

mavimum druv dancitv ahtainad feam tha atandand
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five-point compaction tests or relative density tests
For a given compaction effort, the maximum dry
density of cohesionless material (sand) is also a func-
tion of particle shape. Thus, the correlation between
grain-size distribution and density would, by necessity,
have to include consideration of particie shape. It is
doubtful that this method would provide test results
more rapidly than the one-point and two-point meth-
ods or the relative density method currently accepted
by the Corps since samples must be dried for sieve
analysis. Therefore, this method is not recommended
for routine compaction control.

d. Possible errors. All tests involving mechanical de-
vices and human judgment are subject to errors that
couid affect the resuits. In order to properiy evaluate
test results, the inspector must be familiar with the

nosgible sources of such errore
VA Ay WAL VAAVAD,.

(1) Five-point compaction tests. The followi ing er-
rors can cause inaccurate results:
(a) Aggregations of air-dried soil not completely
reduced to finer particles during processing.
(b) Water not thoroughly absorbed into dried

material because of insufficient memg and cunng

+imna
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(c) Material reused after compaction.

B-6

(d) Insufficient number of tests to define com-

nantinn Airva ancnvataley
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(e) Improper foundation for mold during com-
paction.

(f) Incorrect volume or weight of compaction
mold.

(2) Incorrect rammer weight and height of fall.

{h) Excessive materiai extenumg into the exten-
sion collar at theend of © COmipac tion.

(i) Improper or insufficient distribution of
blows over the soil surface.

(j) Tendency to press the head of the rammer
against the specimen before letting the weight fall.

(k) Insufficient drying of sample for water con-
tent determination

\4} UIIC'pUHHr unu LWU'PUULL (.umpucuun test. 111€
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possible sources of errors for the one-point and two-

point compaction test are essentially the same as those
for the five-point method discussed in (1) above. In ad-
dition, appreciable inaccuracy in results may occur for
both methods if attempts are made to extrapolate
maximum density and optimum water contents from
nonuniform families of compaction curves (fig. B-5).

B-5. Field compaction and test sections.
For most soils, laboratory densities, water contents,
and strength characteristics can be satisfactorily
reproduced in a field-compacted backfill. However,
during the initial stage of construction frequent
checks of density and water content should he made
for comparison with design requirements and adjust-
ments should be made in the field compaction proce-
dure as necessary to ensure adequate compaction.

a. When a compacted backfill is constructed as
foundation support for critical structures, or when
other requirements, materials, and conditions are un-
usual, the specifications may provide for the construc-
tion of test sections. The test section is used to deter-

rnu'ln t‘nn l\nuf prnnnr]nrac fnr procesvlng, pluv‘nb’ and

compacting the materials that will produce compacted

backfill havmg engineering properties compatible
with design requirements. Therefore, construction of a
test section may involve using different types and dif-
ferent weights of compaction equipment using differ-

L1 4L

ent lift uucxnesses, usmg different amounts of com-

13 hat1 (A1 ffa + hawa Af an.
paction applications {(different numbers of passes or

coverages), processing materials differently with re-
spect to water content control, and mixing to obtain
improved gradation. A discussion on test sections for
shale materials is presented in Appendix A of
FHWA-RD-78-141 and illustrates a wide variation in
test results, even for very carefully conducted field

dmd oo
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b. By exercising rigid control over the water con-

tent, processing, placement, and compaction proce-
dures, by frequent density sampling, by keeping com-



plete records of the procedures and tests, and then by

qtr nd avalss wda o nranadiiva +a
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use on the job can be established. In addition to water
content and density check tests, undisturbed samples
should be obtained to determine that thé® shear and
consolidation characteristics are consistent with de-
sign requirements. Once control for field conditions
has been established, the backfill can proceed at a nor-
mal rate. The contractor should be required to adhere
to the established processing, placement, and compac-
$ian nrnnadiiraa
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c¢. If provisions for construction of a test section are
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not contained in the specifications, the field engineers
and inspection personnel should provide maximum
guidance to the contractor to aid him in establishing
adequate processing, placement, and compaction pro-
cedures. To meet this problem the contractor must be
provided with suggested improvements of equipment
type, if they have not been specified, and procedures
during the initial stages of backfill operations. The es-
tablishment of the procedures and equipment type
that will produce adequate compaction of the backfill
u.la"uena}. must be nuyyur‘l:cd oy & bumy;chclmzvc pro-

gram of control testing.

Section B-3. FIELD MOISTURE-DENSITY TEST METHODS

B-6. General. Field density measurements of the
compacted backfill are essential to ensure that backfill
meets the required design densities necessary for the
proper functioning of the structure within that back-
fill. Although water content requirements are not gen-
crauy‘ SpéCuleu in mili tary SpéCh icauons, the measure-
ment and control of water content is important in ob-
taining required densities. The four density measure-
ment test methods used for the Corps record and con-

tract acceptance enforcement are listed below.

a. The sand-cone method as described in MIL-
STD-621A (Method 106) and ASTM D 1556.

b. The rubber-balloon method as described in ASTM
D 2167.

¢. The nuclear moisture-density method as de-
scribed in ASTM D 2922 (for density) and ASTM D
3017 (for water content).

d. The drive-cylinder method as described in
MIL-STD-621A (Method 102) and ASTM D 2937 for
soft, fine-grained cohesive soils. The water-displace-
ment method described in EM 1110-2-1911, although
not currently used for Corps contract enforcement,
may be used for supplementary density testing for
rocky materials. Rapid field methods of determining
or approximating water content-density are also dis-
cussed in the following paragraphs.

B-7. Water content and density test
methods. Field density can be determined by direct
or indirect methods. In the direct methods, the weight
of soil removed from a hole and the volume of the hole
are determined and used to compute the density. In

the indirect methods. a characteristic of the soil. such

AT 423R2LTUV 242V VAIVADy (R VAARA QAU VUL AD VAL Ui VasT DViady Suuvas

as radiation scattering or penetration resistance, is
measured with an instrument such as a nuclear densi-
ty meter or penetrometer, and then a previously deter-
mined relation between density and the characteristic
measured is used to determine the density.

a. Direct methods. The sand-displacement method
is considered to be the most reliable direct method and

should be used as the standard test by which indirect
test results are correlated with density. Other direct
methods are the drive-cylinder method, rubber-balloon
method, and water-displacement method.

(1) Sand-cone method. Procedures and equipment

frze tha cond anma mathad owa dagevihad in MTT
for the sana-cone metnod are descrioed In Mii~

STD-621A (Method 106) and ASTM D 1556. The pro-
cedure as described in the references involves prepara-
tion of the ground surface, measurement of an initial
volume for the purpose of correcting for surface ir-
regularities, and measurement of a second volume
after a small hole is dug. The difference in the volumes
is the volume of the hole. The sand used is a standard
sand (Ottawa or other sands having rounded grains
and a uniform ’g’i‘t’iuiitxﬁﬁ; that has been calibrated for
weight versus volume occupied when falling from a
standard, constant height. The weight of sand used is
measured by weighing the sand density cylinder be-
fore and after each volume measurement, and the
volume is determined from the weight versus volume
calibration. The soil removed from the hole is weighed,
the water content determined (MIL-STD-621A), and
the dry weight computed. The wet density and dry

Aanaity af tha anil ara anmnntad he dividing tha annra
ucllalby Ul LT Dyl alc bumpuwu MY Ulviuilig wuiiv appyiv-

priate weights by the computed volume, The sand-cone
method can be used to determine the in-place density
of practically all soils except those containing large
quantities of large gravel sizes.

(2) Drive-cylinder method. Procedures and equip-
ment for the drive cylinder method are described in de-
tail in MIL-STD-621A (Method 102) and ASTM D
2937. The procedure consists of driving a 3-inch-diam-
eter by 3-inch-high sampling tube of known volume
into the soil, excavating the sampling tube and soil,
and trimming off the soil protruding from the ends of
the tube. The weight and water content of the soil are
measured and the dry weight is computed. The wet
density and dry density of the soil are computed by
dividing the appropriate weights by the computed
volume. The drive-cylinder method is limited to moist,
fine-grained cohesive soils.

D 7
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(3) Rubber-balloon method. Procedures and equip-

t for the rubber-balloon method are described in

en
QTM N 2187 Thia mathad ntilizaa a mihhaw hallasn
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attached to a glass or metal cylinder containing water
and havmg a scale graduated in cubic feet. An annular
device is seated on the prepared ground surface, and
the balloon apparatus is placed and held down firmly
on the ring. Then water is forced into the balloon
under pressures of 2 to 3 pounds per square inch to ob-
tain an initial volume measurement to correct for
g’rmmd surface immﬂnriﬁpn The apparatus is re-
moved a small hole is dug, and the apparatus is re-
placed on the ring. Water is again pumped into the bal-
loon and causes the balloon to conform to the
boundary of the hole; then the volume is measured.
This volume less the initial volume is the volume of the
hole. The volumeter apparatus is simple and easy to
operate, and the volume measurement can be made di-
rectly and in somewhat less time than that with the
sand-cone volume apparatus. The results obtained are
considered to be as accurate as those obtained from the
sand-cone apparatus. Like the sand-cone method, the

rubber-balloon method can be used to determine the

--\ mlana damcise. eneam Ak 11, 1Y 21

1-place density of pracuicauy ai solL

cnnfnlnlna lnrm: quantities of large gravel sizes.

4) Water-dtsnlacement method. Where it is nec-
essary to determme the in-place density for a large
volume of soil, as in coarse-grained soils containing
significant quantities of large gravel sizes, an approx-
imate density can be obtained by excavating a 1arge
hole (several cubic feet) and determining the volume
by lining the hole with thin plastic sheeting and meas-
uring the quantity of water required to fill the hole. A
relatlvely small sample representative of the material
from the excavation is used for determining the water
content. Using the wet and dry weights of the material
excavated and the measured volume of the hole, the

wet and ury densities of the soil can be determined. Al-

though the procedure is not contained in a Military

Standard it is about the only means of determining an
approximate density for soils with large sizes of gravel
or rock.
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b. Size and preparation of test hole. The size of the
hole and the care used in preparing the test hole for
the sand volume and balloon methods influence the
accuracy of the volume measurement. The proper size
of the hole is not well established; however the larger
the holc, the less Su;xuuuuu, small errors in measure-
ment of volume become. The instructions in TM
5-824-2 indicate that a volume of at least 0.05 cubic
foot should be used when testing materials with a
maximum particle size of 1 inch and that larger vol-
umes should be used for larger maximum particle
sizes. ASTM D 1556 suggests certain relations be-

bessnnen enn aaddalo 2ol o1 4L oa__a L V. . 1._____ ___3
Lween pur LICIE BIZC dIlU L€ sy [10l€e voluIne ana
weight of water content specimen. It also recommends
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increasing the size of the sample used for water con-

whinl
tent determination with increasing maximum particle

gize. The relations sugoested bv the American Society
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for Testing and Matenals are shown in the following
tabulation: ¢

Minimum test Water content
Maximum particie hole voilume sample
size, in, cuft g
0.187 (No. 4) 0.025 100
1/2 0.050 250
1 0.075 500
2 0.100 1,000

For significant quantities of larger particles the vol-

umes above should be doubled. The accuracy of the test
results is influenced by not only the care taken in pre-
paring a test hole but also the degree of recovery of the
excavated material. A hole with irreg'uiar surfaces will
cause the volume measurement to be less accurate
than a hole with smooth surfaces. Thus, the inside of
the hole should be kept as free of pockets and sharp
projections as possible. Digging a smooth test hole in
cohesionless coarse-grained material is particularly
difficult. In fine-grained soils without gravel particles,
the hole may be bored with an auger, but hand tools

ess1) L /R e AL

Wil pe requlrea to smooth the walls and Dase OI ne

hala and ta ranaver lnnsa matamal Far nnn‘-nnr=mutnnﬂ
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soils and soils containing a significant amount of grav-
el-size particles, hand tools will generally be required
to excavate the hole to prevent disturbing the material
in the walls and base of the test hole. Should it become
necessary in digging a test hole in highly compacted
material to loosen the material by using a chisel and
hammer, care must be taken not to disturb the soil
around the limits of the hole. All loose nnrncleg must

Vaal AiidiAD Vi udaU 2aVaU. LAl AUST

be removed after the final depth has been reached, and
all particles must be recovered. All soil should be
placed in a waterproof container as the soil is taken
from the hole. This measure will prevent loss of water
before the soil can be weighed.

¢. Indirect methods. The indirect methods include
use of the nuclear moisture-density apparatus, Proctor

Aam adrenann Ad nnstn e ndsinena nbnee Dadl il Do

peuc WUUILLICLEL, uuu cone peucuroulewer. poull tne rroc-

tor nonoatromator and cone nanatromatar mathads for
VoI PeNCIromnelor ana Cone peneiromeler meuneas Ior

determining the density require very careful calibra-
tion using soils of known density and water content,
and considerable experience in operating the device;
even 80, the accuracy of these methods may be subject
to question because of the great infiuence that nonuni-
wrnucy of water content or a small ﬁié(‘:e of gravel can
have on the penetration resistance. The Proctor pene-

trometer may also be used to approximate water con-

tent of fme-gramed soils.

(1) Nuclear moisture-density method. Procedures
and equipment for the nuclear moisture-density meth-
od are described in ASTM D 2922 (for density) and

AQIMALT T nnqn e

(for water content). The three methods

etermining in-place densities described in ASTM
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D 2922 are Method A-Backscatter, Method B-Direct
Transmission, and Method C-Air Gap. Of the three
methods, Method B-Direct Transmission is recom-
mended over Method A and Method C because it elim-
inates the effect of vertical density variations.

(a) Modern nuciear-moisture density equipment
incorporates a radioactive source emitting neutrons
and gamma rays and measuring elements (geiger
tubes) or “scalers” into a single, self-contained unit.
The determination of moisture by the nuclear method
is dependent on the modifying of high energy or “fast”
neutrons into low energy or “slow” neutrons (ASTM,
STP No. 293). Any material containing hydrogen will
moderate fast neutrons. Since hydrogen is present pri-
marily in the moiecuies of free water, the degree of
interaction between the fast neutrons and hydrogen
atoms represents a measure of the water content of the
soil. Density measurements are based on the scattering
of gamma rays by the orbital electrons on the atoms
comprising the soil. Since the scattering is a function
of the electron density, which in turn is approximately
proportional to the density of the soil, it is possible to
correlate the backscatter of the gamma rays with the
soil density.

(b) To obtain a water content or density meas-
urement, the appropriate meter is set in place and the
voltage setting is adjusted to the correct operating
voltage. After the scaler is turned on, a short warmup
period (not exceeding 1 minute) is allowed before the
test count is started. Intimate contact at the interface
between meter and soil is necessary for Method A-
Backscatter because the scattering of the gamma rays
for the density measurement is quite sensitive to even
minute air gaps. The normal counting period is 1
minute, with one or two repeat counts taken as a
check. Calibration curves for both moisture and densi-
ty determinations, once the count rates have been es-
tablished, are furnished by the manufacturers for each
individual unit. In general, the calibration curve for
moisture determination is more reliable than the curve
for density determination. However, it is advisable to
correlate both calibration curves on each type of soil
with which the instrument is to be used. Such a corre-
lation should be accomplished by using current stand-
ard methods for moisture and density determinations
or by calibrating on blocks of material of known mois-
ture and density. Examples of calibration for shale
materials are given in Appendix A of FHWA-
RD-78-141.

(c) For all nuclear-moisture density devices,
separate standards are provided so that the count rate
can be determined on each instrument at any time in
the field. A standard count should be taken three or
four times during a day’s operation. Although adjust-
ments can generally be made on the instruments so
that the count will coincide with the standard count,

TM 5-818-4/AFM 88-5, Chap. 5

even a slight adjustment is not usually justified. A
more satisfactory procedure is to record the field
measurement in terms of percent of this standard
count rate, which should be within a reasonable per-
centage (x 5) of the given reference count. Use of the
percent of standard count, rather than simpiy the
counts per minute, is recommended for increased accu-
racy. Use of this procedure largely cancels out the
effects of such variables as reduction in source
strength, background count, and changes in sensitivity
of the detector tubes.

(d) The calibration curve for the soil being
tested is entered with the value of the density meter
count rate (taking into consideration the variation
from the standard count) to obtain the wet unit weight
of the soil. Similarly, the moisture meter yields the
weight of water per cubic foot of soil. The unit dry
weight of the soil is simply the wet unit weight ob-
tained by the density meter minus the weight of water
obtained by the moisture meter. By dividing the water
measurement by the dry density, the water content
can be expressed in the more familiar terms of percent-
age of dry weight.

{¢) Anyone working with nuciear meters musi
recognize that a possibility of exposure to radiation ex-
ists if the safety rules listed by the manufacturer are
not followed. When proper procedures and safety rules
are followed, the radiation hazard is negligible. For
certain instruments, operating personnel must wear a
body radiation film badge and carry a pocket dosim-
eter. These instruments must be ready weekly to en-
sure that the maximum permissible weekly dosage is
iess than 100 miiliroentgen. Other safety ruies deal
with handling the devices and being aware of the built-
in safety devices. The safety precautions mentioned
above may vary or not be applicable for some of the
newer devices being manufactured. Therefore, the
manufacurer’s literature should be carefully studied to
determine appropriate safety requirements.

(f) It is possible, using nuclear-moisture density
apparatus, for one inspector to conduct perhaps 30 wa-
ter content and 30 density tests per 8-hour working
day. The time required per test is only 20 or 25 percent
of that required in direct sampling methods. A large
number of tests with the nuclear meter correlated with
a much smaller number of direct sampling determina-
tions can be of great benefit in ensuring that adequate
compaction of the backfill is being obtained. A simple
statistical analysis of the data can be made, such as a
plot of dry density versus number of tests (ASTM STP
No. 283). The resulting bell-shaped curve is a very use-
ful tool since each day’s results can easily be added to
the plot of previous test results. This procedure can
provide an up-to-date picture of the fill densities being
obtained and can show the effect of changes made in
field compaction procedures.
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(2) Hand cone penetrometer. The hand cone pene-

tromatar nffnm a rnrnﬂ means n‘f nl\m]nna Annsltv ro-

quirement of some compacted backfills. The process
involves the correlation of penetration resistance with
known in-place densities as determined by either the
sand-cone or the rubber-balloon method.

(a) Cone penetration resistance 18 a measure-

ment Ul SOLI Dear lllg Lapuuty DIIILC Deﬂl' mg Lapaut,y ls
Aanandant an chaoar nfmnM]n nd thue Adancitv +ha
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hand cone penetrometer is an indirect measurement of
density. Because shear strength is a function of any
pore air and pore water pressures that may be gener-
ated by a shearing action of soils containing pore wa-
ter, the method is applicable only to free-draining
materials where pore pressures are dissipated as fast
as they are generated. Penetration resistance can also

he drasticallv influnenced hv the ohstruction of oravel.
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size particles. Therefore, the method is apphcable only
to sands with 100 percent passing the U.S. Standard
No. 4 sieve (4.76 mm) and no more than 15 percent
passing the U.S. Standard No. 200 sieve (0.074 mm).
(b) A piot of hand-cone sounding resistance ver-
Dus ucpbu Uf wuuduls Wlll Lcaulu lll au appluxh.uaw
linear relationship for homogenous materials of rela-
tively constant density for depths of sounding ranging
from approximately 2 inches to 20 inches depending
on the geometry and size of the cone point and mate-
rial type. Correlations may be made between known
in-place densities and either the angle of inclination
between sounding resistance and depth of penetration

or tho enuindingo rogiatanca at a aivan danth Tha ranaa
OF i@ SOUNGINg IresSiSiance av & given Qepui., 100 range

of known in-place density must be sufficient to estab-
lish a trend between sounding resistance and density.
Correlations between density and sounding resistance
at a given depth is the simplest correlation since the
angle of inclination does not have to be computed.
Figure B-7 shows a case exampie of a correlation be-
tween dry density and sounding resistance measured
at 6 inches below the surface. Contract specification
required a minimum acceptable dry density of 104.7
pounds per cubic foot (98 percent of the maximum dry
density according to the compaction method described
in ASTM D 1557). Figure B-7 also indicates that all
soundings with resistances of 110 pounds or more cor-

mammanmAdad b Aamaidian swandaw thae 1NA [T,
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cubic foot, Therefore, no additional standard density
checks are needed beyond the routine tests. When all
soundings with resistance of 86 pounds and below cor-
respond to densities below 104.6 pounds per cubic
foot, it is evident that sufficient compaction has not
been achieved and additional standard density checks
are definitely needed for an acceptance or rejection

Aanicinn Qanndine unth wacistannas haturaan Q8 O“A
uTlaSivia, Uvmlulllb VViUll LUQLASUALILTO MTUYYUTLL UU

110 pounds may or may not need additional dpnmfv

checks dependmg on whether the inspector has reason
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to suspect adequate compaction has or has not been
achieved,
SAND - MEDIUM TO FINE GRAINED
UNIFORMITY COEFFICIENT - 2.26
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Figure B-7. Correlation between dry density and hand cone resist-
ance at a depth of 6 inches below the surface.

(c) The correlation between sounding resistance
and known in-place dry densities (fig. B-7) is made di-
rectly without knowing water content at each sound-
ing location. Although sounding resistances are af-
fected by water content for the dry, moist, and 1 to 2
percentage points above optimum state, the range of
possible water content in the moist state does not sig-
nificantiy affect sounding resistance.
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and where rapid control aids are needed to determine
if adequate compaction has been achieved. With a lit-
tle practice, a hand-cone sounding can be made in less
than 1 minute.

d. Possible sources of errors. Since the decision to
accept or reject a particular part of a backfill is primar-
ily dependent upon the results of in-place density con-
troi tests, it is important for the inspector to be famii-
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an inaccurate test result. Some of the more likely
sources of errors for the sand-cone, rubber-balloon,
and nuclear moisture-density methods are discussed
below. All tests that are suspected to be in error must
be repeated.

(1) Sand-cone method. The major sources of possi-
ble error are as follows:
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same sand occupying an in-place volum

mantaminl Mhancan in affandion ndndin
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within batches of sand may sign tly affect
test results. This error can be minimized by frequent
calibration of the sand’s bulk density.

(b) Loose sand increases in density when sub-
jected to vibrations. Care must be taken not to jar the
sand container while calibrating bulk density in the
ia‘ooratory or during in-piace volume measurements in

£3513 A atn1an tha cand anna m

l..uc 1ie1a. i \,uuu.uuu error lb LW UudcT LT dallu LuLc meth-
od for in-place volume measurements adjacent to the
operation of heavy equipment. Heavy equipment can
generate vibrations that densify the sand and result in
erroneously high-volume measurements and low in-
place densities.

(c) Appreciable time intervals between buik
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balloon method. The major sources of
possxble error are as follows:

(@) New rubber-balloon volumeters should be
calibrated against several known volumes of different
sizes covering the volume range of in-place measure-

B
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trap air between the sides of the sample hole and bal-
loon. This error can be minimized by placing lengths of

small-diameter string over the ecige of the hole and
down the inside wall slightly beyond the bottom cen-
ter.

(c) The application of the 2 to 3-pounds-per—
square—mcn pressure to extend the balloon mt,o exist-

w1th the base plate
(d) The rubber balloon must be frequently
checked for leaks.
(3) Nuclear mozsture-denszty method. The major
sources of possible error are as follows:

cy in ermining dens1t1¢=s is statistical in na-
ture and appears to vary with the equipment used, test
conditions, materials tested, and operators. If proper
procedures are followed, the standard deviations in

terms of accuracy wilI vary on the order of 3t 5

+

(b) Manufacturers furnish calibration curves for
each piece of equipment. Due to the effects of differing
chemical compositions, calibration curves may not be
applicable to materials not represented in establishing

the calibration curve. Apparent variations in calibra-
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tion curves may also be induced by differences in the
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surface texture of the material being tested.
B-8. Rapid field water content control
proceciures. In many cases, particularly in con-
fined zones, it is important to rapidly determine the

Awer A nf
dry density of a given part of the backfill in order to

prevent the possibility of costly tear out and rebuild

“operations. The test procedures for determining dry

densities using the sand-cone and rubber-balloon
methods sometimes require extensive drying times
(depend on material type up to 16 hours) to determine
water content. Alternate techniques for rapidly deter-
mining water content are discussed below.
a. Microwave ovens. Microwave energy may be used
to dry soil rapidiy and thus enable quick determination
=rad . ~ »

~f b nned e ~ ~esravrn 3

of water content (AST}V{ STP No 599) Howev T, I
drying soils with microwaves, the only control on the
amount of energy ahsorbed by the soil is exposure

time; consequently, if soils are left in the oven too
long, severe overheating can occur. This overheating
of the soil can cause bound water, a part of the soil
structure, to be driven off and thus result in signifi-
cant errors in water content measurements. In addi-

........... P A
tion, continuous heating c t he:

being generated; certain soils have been observed

fuse or explode and there

equipment and personnel.
(1) Times required for drying in a microwave oven

are primarily governed by the mass of water present

and the power-load output of the oven, as expressed by
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time in the microwave oven, seconds

= mass of water present in the soil-water
mixture, grams

water content of the specimen
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P = powerout

of the specimen water content must be made and the
oven power versus load relationship must be estab-
lished by cahbratxon

st o mmsdmeed 0 2L miane man tre ammd 2ueizssens mssredbalala
water content of the specimen is not insurmountable.
Test results indicate t at slight overestimations of the

actual water content, i.e., longer drying times, general-
ly result in small differences between conventional
oven and microwave oven water contents. Conversely,
underestimations of water content result in more seri-
ous errors. If an accurate estimate of water content

B-11
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cannot be made, experience has shown that close vis-
ual observation often can be used to determine if soil

mernele nmdien e 2o maacsasastan oo albncee ndiern mememernnnl 20 da
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incrementally dry a duplicate specimen until a con-
stant weight is obtained, calculate the water content,
and input this value into equation (B-1).

(3) The useful power output “P” is determined in
the laborat.ory by subjecting a mass of distilled water
t.o microwaves for a glven time and then measunng

me rise in wmper ature induced in l;ne water. Power in

watts is calculated from

M.t
P="7"4.1889 (B-2)
where
M. = massof distilled water in the oven, grams
t = increase in temperature of the distilied

water, degree Centigrade

= time in the oven for calibration, seconds

aalan

A plot is then made of power output and oven load
(mass of water in oven) in grams of water as shown in

figure B-8.

equation (B-3) and finding a comparable value of pow-
er from a plot similar to figure B-8 for the particular

......... d il dimier dimna mmare ha anlanladad Funm

OVENn used, uwi€ Gryilig uine may o€ Cawuuaiwca 1I0ii
equation (B-1).

(5) It may not be possible to successfully dry cer-
tain soils in the microwave oven. Gypsum may decom-
pose and dehydrate under microwave excitation. High-
ly metallic soils (iron ore, aluminum rich soils, and
bauxite) have a high affinity for microwave energy and
overheat rapidly after all the free water has been va-
porized. Hence, extreme care is required when drying

these soils. For the same reason, metallic tare cans or

aluminum plates are not permissible as specimen con-
tainers.

(6) Because microwaves are a type of radiation,
normal safety ptecautions to avoid undue exposure

1311

shouid be observed.

b. Proctor penetrometer. The Proctor penetration
resistance method in the hands of inspection personnel
experienced in its use provides a rapid expedient check
on whether the field water content is adequate for

4aTVaTL alT 24028 WEWTL ULV A8 STV S

proper compaction. However, the method is suitable
only for fine-grained soils because coarse sand or grav-
el may cause erroneously high resistance readings. The
method consists of compacting by the procedure used
for control of a representative sample of soil taken

hatemer nlanand Anermaabad armant

1. 84 ™.
1TUII1 LIIE 10UNBC 1IIv Urilly piaccu. 1ne Lullupavweu OWDI'
men is weighed, and the wet unit weight is deter-

mined. The penetration resistance of the compacted
specimen in the mold is then measured with the soil
penetrometer. The moisture content can then be esti-
mated by comparing the penetration resistance of field
compacted specimens with a relation previously estab-

emead R
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penetration resistance, and moisture content. The pro-

cedure requires about 10 minutes and is sufficiently
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Figure B-8. Power Applied by the Oven to Dry Moist Soils.

(4) The water content estimate is use
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the mass of water in the specimen from

M. = r1 + w) (B-3)
1+ w)
where
M. = mass of the water in the specimen, and
ennivalent tn aven lnad in fionra R_K
V\lw‘mvllv VW WYV VAL AVVANA AAX llbm\d L =4 U,
grams

Wwee = wet weight of the specimen, grams
By calculating M. (oven load in fig. B-8) from
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accurate for most field purposes. The procedure to de-
termine the relation between wet unit weight, penetra-
tion resistance, and moisture content is described in
ASTM D 1558. The relation is generaiiy developed in

YY)

conjunction with the compaction test.

¢. Other methods. Other methods for determining
water content include urylng by hot plate or open
a P\.A ”n

flame, drying by forced hot air and

test that uses calcium carbonate. In the hot plate

method, a small tin pan and a hot plate, oil burner, or
gas burner (something to furnish fast heat) are used. A
sample of wet soil is weighed, dried by one of the above
mentioned methods, and weighed again to determine
how much water was in the sample. This method is
fast, but care must be taken to ensure that the materi-
al is thoroughly dry. Also, if both organic matter and
bound water are removed, higher water content deter-
minations than those obtained by ovendrying some-
times result. In the forced hot air, a sample is placed in
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a commercially available apparatus containing an elec-

tric heater and blower. Hot air at 150 to 300 degrees
Fahrenheit is blown over and around the sample for a
preset time. A 110- or 230-volt source is required.
Available sizes of apparatus can accommodate sample

TM 5-818-4/AFM 88-5, Chap. 6

weights from 25 to 500 grams. Drying times are esti-

mated to vary from 5 minutes for sand to as long as 30
minutes for fat clay. The rapid moisture test and limi-
tations are described in STP 479.

B-13
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