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POSTSCRIPTS

This chapter collects comments, revisions, and commentary which cannot be incorporated into the body
of the text until the next edition. New postscript sections are added as needed when the Civil Engineering
Reference Manual is reprinted. Subjects in this chapter
are not necessarily represented by entries in the index.
It is suggested that you make a note in the appropriate text pages to refer to this chapter.
Update: October, 1986
Chapter 1: VARIANCE

The statistical term variance is used in example 1.42
(page 1-27) but is not defined in the text. The variance
is the square of the standard deviation. Since there
are two standard deviations (s and a), there are two
variances. The sample variance is 8 2 . The population
variance is 0' 2 .
Chapter 3: WATER HAMMER IN DUCTILE
PIPE

The speed of sound used in water hammer calculations
(i.e., c in equations 3.198 and 3.199) must account for
the expansion of ductile pipe walls as the water pressure
builds up. Equation 3.20 can be used to calculate c, but
the modulus of elasticity used should include the elastic
contributions of the water and pipe material both. In
the equation below, t pipe is the pipe wall thickness, and
dp ipe is the inside diameter.

fraction of combustible methane, as well as the temperature and pressure. At 60°F and 14.7 psia, pure methane
has a lower heating value of 900 BTU/ft 3 . Carbon dioxide does not contribute to the heating effect.
Chapter 14: NEUTRAL AXES IN CONCRETE
BEAMS

Figures 14.4 and 14.5 (page 14-10) both contain the
variable c, the distance from the neutral axis to the
top of beam. However, these two distances are not the
same, even though the symbol is the same. The location
of the neutral axis changes as the ultimate strength is
approached.
Chapter 14: MODULUS OF ELASTICITY
FOR MASONRY

Masonry structures are generally designed using the alternate (working stress) design method, 'which requires
knowing the modulus of elasticity. Equation 14.1 for
concrete cannot be used. An approximate value can be
found from the masonry's compressive strength.
Em = 1000A, ( < 3

Ea psi)

Chapter 17: LENGTH OF VERTICAL CURVE

Equation 17.52 (page 17-16) can be solved without trial
and error.
LC-2d 1 ,

+1
gq, —1)

Chapter 8: HEATING VALUE OF DIGESTER
GAS

Update: April, 1987

The heating value of digester gas is listed (page 8-29) as
600 BT11/ft 3 . This value is appropriate for digester gas
with the composition given: 65% methane, 35% carbon
dioxide. The actual heating value will depend on the

Chapter 5: CHANNEL SLOPE

)

In uniform flow, the slopes of the channel bottom, water surface, and energy grade line are identical. For
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uniform flow, then, equation 5.6 could be written using
the geometric slope, So , instead of the hydraulic slope,

THE UNIFIED SOIL CLASSIFICATION SYSTEM

Prior to backwashing with clear water, the filter material may be expanded by an air prewash of 1-8 (2-5
typical) cfm/ft 2 for 2-10 (3-5 typical) minutes.

S:

v = CNAHS0
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Laboratory Classification Criteria
Finer than

Similarly, other equations in chapter 5 could also be
written using S 0 , but only under the condition of uniform flow. Using So , however, is clearly a special case
of a general rule.

Chapter 8: SANITARY LANDFILLS

The factor 1.49 in equations 5.7-5.9 (and others) converts customary SI to English units. For problems in SI
units (m/sec, etc.), replace the 1.49 with 1.00.

Equations 9.2 and 9.3, as well as various soils classification schemes, require knowing percentages of soil
passing through specific sieve sizes. When sieve data
is incomplete, the needed values can be interpolated by
plotting the known data on a particle size distribution
chart. (Also, see figure 9.2.)

Rapid sand filters usually operate with hydraulic heads
(distance between water surfaces in filter and clearwell)
of 9-12 feet.

U.S. Standard Sieve Series

200

100 50 40 30 20 16 108

4

GW

0-5*

GP

0-5*

GM
GC

12 or more*
12 or more*

Sandy soils
(over half
of coarse
fraction
finer than
No. 4)

SW

0-5*

SP

0-5*

SM
SC

12 or more*
12 or more*

Low compressibility
(liquid
limit less
than 50)

ML

Plasticity chart

CL

Plasticity chart

OL

Plasticity chart, organic odor or color

High cornpressibility
(liquid
limit more
than 50)

MH

Plasticity chart

CH

Plasticity chart

OH

Plasticity chart, organic odor or color

Pt

Fibrous organic matter; will char,
burn, or glow

Gravelly
Coarse-grained
soils (over
(over 50% by
half of
weight coarser
coarse
than No. 200
fraction
sieve)
larger
than No. 4)

Chapter 9: PERCENT PASSING SIEVE

Chapter 7: RAPID SAND FILTERS

200 Sieve
(%)

Major Division

Many large-scale sanitary landfills do not apply daily
cover to deposited solid waste. Time and cost are typically cited as the reasons that the landfill is not covered
with soil. To account for the absence of such cover, the
loading factor in equation 8.62 must have a value of 1.0.

Chapter 5: OPEN CHANNEL FLOW in SI

Group
Symbol

:T in

e- gr ain ed
(over 50% by
weight finer
than No. 200
sieve)

3/8" 3/4" 1-1/2" 3"

100
-.
-..

90

r

Supplementary Requirements

Soil Description

D6o/Dio greater than 4
D30 2 /(Do x Din) between 1 & 3
Not meeting above gradation
for GW
PI less than 4 or below A-line
PI over 7 and above A-line

Well-graded gravels, sandy gravels

D60/Dio greater than 4,
D50 2 /(D60 x Dio) between 1 & 3
Not meeting above gradation
requirements
PI less than 4 or below A-line
PI over 7 and above A-line

Well-graded, gravelly sands

Soils with fibrous
organic matter

80
.-

...

Gap-graded or uniform sands,
gravelly sands
Silty sands, silty gravelly sands
Clayey sands, clayey gravelly
sands
Silts, very fine sands, silty or
clayey fine sands, micaceous silts
Low plasticity clays, sandy or silty
clays
Organic silts and clays of low
plasticity
Micaceous silts, diatomaceous silts,
volcanic ash
Highly plastic clays and sandy
clays
Organic silts and clays of high
plasticity

...
-.

Gap-graded or uniform gravels,
sandy gravels
Silty gravels, silty sandy gravels
Clayey gravels, clayey sandy
gravels

Peat, sandy peats, and clayey peat
.

*For soils having 5 to 12% passing the No. 200 sieve, use a dual symbol such as GW—GC.
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■
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liquid limit
Plasticity chart for the classification of fine-grained soils. Tests made on fraction
finer than No. 40 sieve, 0.425 mm.
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Chapter 9: CONSOLIDATION TESTS
It is common practice to plot strain, c, versus log p for
consolidation test data, as well as void ratio versus log p
as shown in figure 9.9. This eliminates having to know
the initial void ratio, eg . The slope of the f-log p line
is C„, which is related to the compression index, C, as
follows:
C ec

C,
1 + e,

Analogous to equation 10.40, settlement can be calculated from
S = C„H logio ( P° ±Pv
Po )

K is a constant. Values of 0.2 and 0.4 have been proposed for K.

Chapter 14: NOMINAL STRENGTHS
The term nominal strength has two applications in reinforced concrete design. Consider shear strength of a
beam, for example. The unreinforced concrete has a resistance to shear given by equation 14.48. The quantity
V, is known as the nominal shear strength of the concrete. However, the steel also contributes shear strength
represented by V. The sum of these two quantities is
the nominal strength of the beam:

= V, + Vst
Chapter 10: BEARING CAPACITY FACTORS
The bearing capacity factors in table 10.3 are based on
Terzaghi's 1943 studies. The following values are based
on Meyerhof's (and others) 1955 studies, and have been
widely used. Other values are also in use.
Ne

0
5
10
15
20
25
30
32
34
36
38
40
42
44
46
48
50

5.14
6.5
8.3
11.0
14.8
20.7
30.1
35.5
42.2
50.6
61.4
75.3
93.7
118.4
152.1
199.3
266.9

Ng

1.0
1.6
2.5
3.9
6.4
10.7
18.4
23.2
29.4
37.7
48.9
64.2
85.4
115.3
158.5
222.3
319.1

N.-

0.0
0.5
1.2
2.6
5.4
10.8
22.4
30.2
41.1
56.3
78.0
109.4
155.6
224.6
330.4
496.0
762.9

Chapter 10: CORRECTION FOR DEPTH OF
FOOTING

Common usage attributes the term nominal to both Vn
and K.

been suggested.) There is considerable variation in the
method of calculating this correction, if it is used at
all. A multiplicative correction factor, de , which is used
most often has the form
d, =

KD f

bolt size
1/2 (inches)
5/8
3/4
7/8
1
1-1/8
1-1/4
1-3/8
1-1/2

A325 bolts
12 kips
19
28
39
51
56
71
85
103

A490 bolts
15 kips
24
35
49
64
80
102
121
148

point. There are two variations of this problem, depending on how the point is located. However, both
problems are solved in the same way. Angle A must be
known.
a

tangent

Chapter 14: CONCRETE PRESSURE ON
FORMWORK
Formwork must be strong enough to withstand hydraulic loading from concrete during curing. The hydraulic load is greatest immediately after pouring. As
the concrete sets up, it begins to support itself, and
the lateral force is reduced. Publication ACT 347 predicts the maximum lateral pressure for regular (Type I)
concrete with a 4" slump (or less), ordinary work, and
internal vibration. The maximum pressure depends on
the temperature, ToF, and the vertical rate of pour,
Rft/hr •

R < 7 ft/hr : p ra„,ps f = 150 + 9000 ( T
R)

known point

Regardless of the rate of pour, p cannot exceed the minimum of 150 x pour height, or 2000 psf. As a general
rule, p should be increased by 50 psf to account for
miscellaneous live loads, workmen, and impact.

Chapter 15: STRUCTURAL BOLT TENSIONS
The bolt pretension (preload) is needed to use equation
15.85, which calculates a reduction factor to be used
with bolts in combined tension and shear. Footnote 44
refers to AISC Specifications Table 1.23.5, which contains the following data:

-

'Y
,

bisector

tangent

For bolts of other sizes, or for bolts manufactured from
other steels, the minimum pretension is
Th,min = 0.70AbFwt (rounded)

step 1: Get a and m from x and y. (If a and m are

known, skip this step.)
a = arctan -x-

The 1985 edition of the Highway Capacity Manual
prefers to categorize highway level of service by density,
rather than the volume/capacity ratios listed in table
16.11. Although table 16.11 is correct, density should
now be used wherever possible to determine level of service. In the following table, density is given in passenger
cars per mile per lane.
LOS
A
B
C
D
E
F

density
< 12 pc/mi-in
< 20
<30
< 42
< 67
>67

m

Chapter 17: SPIRAL CURVES
The length of a spiral curve can be adjusted to between
75% and 200% of the value calculated in equation 17.55.
The distance for superelevation runoff frequently determines the spiral curve length. The runoff may be
determined by a time rule (e.g., runoff shall be completed within 4 seconds at the design speed), or by a
speed rule (e.g., 3 feet of runoff for every MPH in design speed, regardless of initial superelevation). Other
time and speed rules are in use. The important point
is that the spiral curve length can be adjusted to meet
varying design criteria.
Chapter 17: HORIZONTAL CURVES
THROUGH POINTS
A special type of horizontal curve problem requires finding a curve radius to pass the curve through a given

=

Vx

y 2.

2

- a.

step 2: Calculate -y = 90 a

PI

PT

•

P

radius

'Y
bisector

center

step 3: Calculate
R> 7 ft/hr : pmax,psf = 150 + 43,400 + 2800 (R)

I PI
Y 449.pilrif

-

Chapter 16: LEVELS OF SERVICE

Several researchers have recommended corrections to
N, to account for footing depth. (Corrections to N g
have also been suggested. No corrections to N7 have

Minimum Bolt Tension

22-5

4) = 180 - arcsin

step 4: Calculate 0 = 180-

sin -y

.

COS

-

step 5: Calculate R from the law of sines.

sin 0
m
S'VA

sin
R sec

sin cos -12- A
R
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the excess) weights as the basis for the excess percentage. This problem has existed in civil engineering for
a long time, and both methods are in field use. The
important relationships are covered below, where m is
the variable for mass.

°..! • - F
"-r.°• )
- • ---)1.---

Chapter 2: PAYBACK PERIOD

It is tempting to apply discounting and compounding
factors to calculations of payback period. Common
practice, however, ignores interest, and calculates payback period simply as the number of years required for
the net cash flow to equal the initial investment.

E,

I

Chapter 7: WATER QUALITY STANDARDS

The 1986 Safe Water Drinking Act established various schedules for regulating volatile organic chemicals
(VOC's), fluoride ; synthetic organic chemicals (SOC's),
inorganic chemicals (IOC's), and microbial contaminants. Therefore, table 7.9 is expected to be in a state
of flux during the 1987-1991 timetable established by
the act.
Chapter 8: TSS VENTILATION
REQUIREMENTS FOR PUMP WELLS

Appendix A in chapter 8 should include ventilation for
wet and dry wells. The Ten States' Standards (TSS)
requirement is 30 complete air changes per hour for both
wet and dry wells using intermittent ventilation. For
continuous ventilation, the requirement is reduced to
12 (wet wells) or 6 (dry wells) air changes per hour. In
general, dilution air should be forced in, as opposed to
air extraction and replacement by infiltration.
Chapter 12: DEFLECTION OF A PIER

Appendix A of chapter 12 omits the equation for calculating the performance of a fixed pier (i.e., a column
with one end that can translate laterally, with both ends
remaining vertical).

MSSD sand

MSSD sand + Mexcess water

MSSD sand + Menaces water

MSSD sand + raexcess water

wet mass of sand,

SSD mass of sand,

FL 3
12E1
F
12E/

i 7::. /) MSSD sand

Mwet sand

(1 —1)

=f fx xmlm+ss::::
d
f

f

X Mwet sand

MSSD sand

mass of excess water,

stiffness ,-_- — =
A L3

X 771SSD sand
1—

Mexcess water

fx

1+ f

f

Mwet sand

Chapter 14: STRENGTH DESIGN OF BEAMS
Chapter 15: OPTIMIZED DESIGN IN
COLUMN BASE PLATES

Equation 14.33 (used to calculate the reinforcement
ratio from a trial beam size) is an approximation good
only if bd2 is not too different from the ideal value. The
exact method is to use the following equation:

The required bearing plate area will be minimized when
the allowable bearing pressure is maximized. This occurs when the area of the supporting concrete plane is
more than 4 times the area of the base plate (or, the
concrete is infinite in size). With A support/Abea.ring = 4,
equation 15.36 gives Fp = 0.70f, the maximum value
of Fp permitted. This value of Fp should be used unless
the support area is limited in some way, as it would be
with a pedestal-mounted column.

B=

(0.95d - 0.80bf )

VA i

Although equation 15.40 is theoretically correct, the
AISC procedure imposes an additional limitation by
specifying an additional parameter n' for each specific
column shape. The value of n' must be obtained from
the AISCM. Equation 15.40, then, becomes
4fp
t =-- {larger of m, n, or n'} i
x—
Fp

There is some confusion about what "5% moisture excess" means. (See example 14.2.) This confusion results
from the use of both dry (i.e., SSD) and wet (i.e., with

fy

illustrated in example 14.5.
bC3 AstEst

1

/cr = —
3

E,

(d -

c)

2

Chapter 15: MULTIPLE FASTENER LAP
CONNECTIONS

The following additional check is implied by the last
part of example 15.11, but is not explicitly stated elsewhere in the text.
If the connectors (e.g., rivets or bolts) in a tension lap
splice are arranged in two or more rows, and if the rows
have unequal numbers of fasteners, each row should be
checked for tension capacity assuming the previous rows
have absorbed a proportionate share of the load. Consider the following diagram:

Update: October 1988
Chapter 14: MOISTURE EXCESS AND
DEFICIT IN AGGREGATE

—

I„ in equation 14.40 is the cracked moment of inertia. It is calculated from the equation below. Its use is

A1 = column load
N -VAT +

—

Chapter 14: BEAM DEFLECTIONS

Referring to figure 15.20, it is desired to have m = n.
This approximately occurs when
Fp

2MRu,revised )

1
Prevised = —

P

I
I
AMIIIMMIIIIMIMI
i

i

lp

t

I

(;)
I

I
0
I

row 1 row 2

/

The net section (i.e., t less two hole diameters) of row 2
should be checked for tension capacity when 2/3 of the
load is applied. This assumes that row 1 carries 1/3 of
the load. (For the second plate, the net section of row 1
could be checked assuming 1/3 of the load was carried.
However, this is not the controlling case.)
Chapter 15: CHECKING BEARING STRESS

/
(I + f)MSSD sand

rnwet sand

Chapter 5: THE FROUDE NUMBER

There is considerable confusion regarding the definition
of the Froude number. Dimensional analysis determines
it to be v 2 /gL, a form which is also used in model similitude analysis. However, in open channel flow analysis,
the Froude number is taken as the square root of the
derived form (as defined in equation 5.47). Whether
the derived form or its square root is used can be determined from the application. If the Froude number is
squared (as in equation 5.48, or in dE Idd = 1 then the square root form is necessary.

wet basis
Mexcess water

fraction moisture, f

Chapter 2: USING THE MARR

When a MARR is given, it is not necessary to calculate
an alternative's ROR (to compare against) in order to
qualify or disqualify the alternative. It is easier to calculate the alternative's present worth using the MARR
as an interest rate. If the present worth is positive, then
ROR > MARR.

dry basis
Mexcess water
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It is obvious that bearing stress should be evaluated
in bearing connections. Theoretically, bearing should
not be a problem in friction-type connections because
the bolts never bear on the pieces assembled. However, in the event there is slippage due to insufficient
tension in the connectors, bearing should routinely be
checked. The fact that the assembly may fail in some
other manner if a friction connection becomes a bearing
connection does not change the advisability of checking
for bearing stress.
Update: September, 1989
FIFTH EDITION

Hundreds of minor changes have been made to
the fourth edition of the Civil Engineering Reference
Manual during its six reprintings. These changes have
brought the book into compliance with new codes and
legislation, improved and clarified explanations, expanded tables of data, and corrected errata. All of the
changes were made without changing the edition, something that has caused confusion among students using
the book in a classroom setting.
With this latest printing, another hundred or so changes
have been made in the book. Although there has been
no substantial change in the organization of material,
the edition has been changed to differentiate the current
book from its earlier versions.
Chapter 5: ALTERNATE AND CONJUGATE
DEPTHS

The terms alternate depth and conjugate depth are not
synonymous. Alternate depths (calculated in equation
5.41) are derived from the conservation of energy equation (i.e., a variation of the Bernoulli equation). Conjugate depths (calculated in equations 5.58 and 5.59)
are derived from a conservation of momentum equation.
Conjugate depths are calculated only when there has
been an energy loss such as a hydraulic jump or drop.
Chapter 5: TOTAL SPILLWAY ENERGY

Finding the depth of flow at the toe of a spillway (before
a hydraulic jump) requires writing an energy balance.
Neglecting friction, the total energy at the toe equals
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the total upstream energy before the spillway. The total
upstream energy before the spillway is
v2
E1=y+H±._

2g

General Principle 8: If the water table depth, D.,
is
greater than D f + B (i.e., more than a distance B below
the base of the footing), the bearing capacity is not
affected. Calculate the bearing capacity from equation
10.1 as if there was no water table.

The upstream velocity, v, is the velocity before the spillway (which is essentially zero), not the velocity over the
brink The velocity over the brink, if the brink depth
is known, can be used with the continuity equation to
calculate the upstream velocity, but it should not be
used to determine total energy since db rink H.
v

brink

„
Y

`. • i) •• .

toe

Chapter 10: EFFECTS OF WATER TABLE
LOCATION ON FOOTING DESIGN
General Principle 1: If the soil is cohesive (0 = 0 0
),

then the location of the water table does not affect the
bearing capacity, and the effect of the water table is
disregarded. (Strictly speaking, this is not true, but it
is almost true. Here is why. If 0 is zero, then Ny = 0.
Also, Ng = 1, which is essentially zero. These two terms
"zero out" the density terms in equation 10.1.)
o
0
co
—1
0
-

—1

General Principle 2:

Use the submerged density
(Pd ry –62.4) in the equation for bearing capacity (equation 10.1):
(a) When the water table is at the base of the footing, use the submerged density in the first term
of equation 10.1 only.
(b) When the water table is at the surface, use the
submerged density in both the first and third
terms of equation 10.1.
(c) When the water table is between the base of the
footing and the surface, use the submerged density in the first term as in (a) above. Calculate
the third term in equation 10.1 as
[pg + pD,,, + (p – 62.4)(D f - DID)PVg
= [Pq PD./.

62.4(Du, – Df)]Nq

definition is consistent with equation 14.36 (page 14-13)
and figure 14.6 (page 14-14) in this book.
[ACI 318 section 7.7] also specifies the thickness of a
concrete layer necessary to provide protection to the
steel without giving the thickness a symbol. The term
concrete cover is again used.
The term "concrete cover" is ambiguous. The symbol
c/c is not. (See figure 14.6.)
Chapter 15: USING Cb WITH THE
ALLOWABLE MOMENT CHART

brink

d

Approximation to Exact Method: Since the submerged
density is approximately half of the dry density, it is
commonly stated that the bearing capacity of a footing
with the water table at the ground surface is half the
dry bearing capacity and varies linearly to full strength
a distance B below the footing base. For a water table
within a distance B of the footing base, the dry bearing
capacity can be multiplied by C„, (equation 10.23):
Cu, = 0.5 + 0.5 (

Df

B

) 0 < Du, < D f
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Chapter 14: AIR ENTRAINMENT
Just as there is confusion with the meaning of "percentage moisture" in concrete batching (see page 22-7),
there is also confusion with the meaning of "percentage
air entrainment."
If "5%" (for example) air means that the concrete volume is 5% air, then the solid volume is only 95% of the
final volume. The" solid volume should be divided by
0.95 to obtain the final volume. If "5%" air means the
concrete volUrne is increased by 5% when air is added,
then the solid volume should be multiplied by 1.05 to
obtain the final volume.
The meaning of "5%" air must be clarified in the problem. If it isn't clear, then either definition could apply.
In any case, the final volume is not affected significantly
by the interpretation.
Chapter 14: DEPTH OF COVER AND
PROTECTION COVER THICKNESS
[ACI 318 section 101 defines the variable dc as "thickness
of concrete cover measured from extreme tension fiber
to center of bar or wire located closest thereto." This

If used directly, the allowable moments chart implicitly
assumes Cb = 1.0. However, the chart can be used with
other values of Cb if Lb/Cb or Lb/N/C7, is used instead
of Lb. The proper replacement for Lb depends on the
beam. Most beams are controlled by torsional strength
and AISC equation 1.5-7 controls. When equation 1.5-7
controls, the curved portion of the allowable moments
chart will be hyperbolic, as shown in figure 15.10. For
these beams, replace Lb with Lb/Cb•
In some cases, the curved line in the allowable moments
chart will be parabolic (see figure 15.10) indicating the
AISC equation 1.5-6a controls. In that case, replace Lb
with Lb/N/.
Update: January, 1991

Preface: UNTIMED AND TIMED
PROBLEMS
This book contains two types of homework problems.
The untimed problems are shorter problems that are
meant to acquaint you with a wide variety of subjects,
as well as to familiarize you with the book's format.
The difficulty of the timed problems is representative of
exam problems. Timed problems should take you one
hour or less.
Chapter 2: HALF-YEAR CONVENTION
There are certain arbitrary rules (known as conventions) imposed by the Internal Revenue Service on depreciation calculations. An example is the "half-year
rule" required with double-declining balance calculations. The implementation of such rules is best left
to accounting professionals. Such rules are subject to
constantly changing legislation and are not covered in
this book.
Chapter 3: FANNING FRICTION FACTOR
Most of the time, the term friction factor will mean
the Darcy friction factor used in equation 3.71. Occasionally, the Fanning friction factor will be specified by

name. The Darcy friction factor is calculated by multiplying the Fanning friction factor by 4. That is,

fDarcy =

4 /Fanning

Chapter 3: HAZEN-WILLIAMS
COEFFICIENTS FOR AGED PIPES
Table 3.8 lists values of the Hazen-Williams coefficient,
C, for clean (new) pipe, but leaves the choice of values
for aged pipe up to the designer. The following values
can be used as guidelines:
cast iron, new, all sizes
cast iron, 5 years old, (D < 24")
(D> 24")
cast iron, 10 years old, (D = 4")
(D = 12")
(D > 30")
cast iron, 40 years old, (D = 4")
(D = 16")

130
120
115
105
110
85
65
80

Values for welded steel pipe are similar to those for cast
iron pipe 5 years older.
Chapter 3: BUTTERFLY VALVES
Loss coefficients for butterfly valves are calculated from
the friction factor for the pipe with completely turbulent fluid. The sizes given are inside diameter measurements of the pipe.
sizes 2" to 8": K = 45ft
sizes 10" to 14": K = 35ft sizes 16" to 24": K = 25ft
Chapter 3: PRESSURE DROP ACROSS AN
ORIFICE PLATE
The pressure difference used in equations 3.156 through
3.162 for orifice plates is not the permanent pressure loss
due to friction. The permanent pressure loss depends on
the ratio Do /D (see figure 3.24) and is 73% of p i – p2
for Do/D = 0.5, 56% for 1=41Di = 0.65, and 38% for
Do /Di = 0.8.
Chapter 9: COMPRESSION INDEX
Strictly speaking, the compression index (C c ) should
be negative, since it represents the slope of the e-log p
curve (figure 9.11). Therefore, it would be calculated
(in equations 9.31 and 10.35) as
Co =

ei – e2
231)
log io (—
P2
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However, the compression index is typically reported as
a positive number. This is consistent with its use in the
CIVIL ENGINEERING REFERENCE MANUAL.
Chapter 16: STOPPING SIGHT DISTANCE
The constants in table 16.4 are based on specific heights
of objects and driver's eyes. In general, the sight distance over the crest of a vertical curve is given by the
following relationships. h 1 is the height of the eyes of
the driver, and h2 is the height of the object sighted,
both in feet.

LC= (G1— G2)S 2
1.00(-VTITI + 1./ 12) 2

S < LC
S > LC

LC =25 —

this method is known as the 60° method.) Alternatively,
since the 60 0 is an approximation, and one approximation is as good as another, for ease of computation the
angle is taken as 63.4°, corresponding to a 2:1 (vertical:horizontal) influence cone angle.
For any depth, the area of the cone of influence is the
area of the horizontal plane enclosed by the influence
cone. This is determined from geometric principles. For
a rectangular footing using the 60 0 method, the zone of
influence area at depth h is

A = [B + 2(h cot 60° )][L + 2(h cot 60°)]
For a rectangular footing, assume a 2:1 influence cone.
The zone of influence area at depth h is

100(-V2h1 + V2h2) 2
G1—G 2

A = (B + h)(L +
The increase in pressure at depth h is

Update: April, 1992

Pv = —
A

Chapter 10: APPROXIMATE STRESS
UNDER A FOUNDATION
The Boussinesq equation (equation 10.30) was presented
as a means to calculate the exact increase in stress
at a given depth below a footing. An approximate value
of the increase in stress can be determined by assuming the affected area (i.e., the zone of influence) beneath the load. An approximate method will be reasonably accurate in non-layered homogeneous soils when
1.5 < h/B < 5.
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Defining the zone of influence means assuming the
angle of the influence cone. The angle typically is assumed to be 51° for point loads and 60° for uniformlyloaded circular and rectangular footings. (This is why
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