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Chapter 1 - ENGINEERING DOCUMENTATION

1.1 Introduction
MAGSET (MAGnitude of SETtlement) is a computer program for

calculating the magnitude of settlement of a multi-layered soil
profile containing granular and/or cohesive soil layers.

Settlement calculations in cohesive layers are based on
Terzaghi's one-dimensional consolidation theory. The initial geo-
static effective stress is calculated by the program for each layer.
Input option§ are provided so that initial states of effective
stress caused by external loadings may be added to or replace the
initijal insitu effective stress. An individual history of effec-
tive stress increments can be input for each layer in the soil
profile or one effective stress history can be input for the entire
soil profile. UWhen a single effective stress history effects the
entire soil profile, any stress distribution with depth can be
specified. The deformation characteristics of cohesive_sof?s are
input as curves of void ratio or strain plotted against effective

stress.

Settlement calculations in granular soil layers are based on
empirical correlations to-static or dynamic penetration field tests.
The methods of Meyerhof and D'Appolonia use data from the Standard
Penetration Test blowcount. Schmertmann's method uses data from

the static cone penetrometer.

Settlements are not calculated for any layer designated as
incompressible. This facility may be particularly useful if it is
desired to use an independent method to calculate sand settlements.

The soil profile geometry may be specified in terms of depths
or elevations. The program accepts any set of consistent units.
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1.2 Soil Profile

The multi-layered soil profile is defined by the user. The , ‘{5“ 
soil profile consists of () contiguous layers. The layers defining R
the soil profile may be either granular, cbhesive,.or incompressible.
Mo ta}cuiations are performed in a layer that is specified incom-

pressible.

The definition of the (n) soil layers may or may not coincide
with fhe natural geotechnical stratification. The individual layers
should be selected in such a way that the soil properties at one
"average" point in the layer can be assumed to govern the settlement
contribution ¢f the layer. For example, a thick compressible stratum
will usually be subdivided into several smaller layers for calcula-

tion purposes.

The soil profile geometry is specified in terms of depths or
elevations. The program performs all internal calculations in terms
of depths. The program will convert depths or elevations to a
specified datum if a benchmark elevation and an elevation difference

are provided. ‘ B - , (:

1.3 Settlement in Cohesive Soils

The prediction of consolidation settlement in the cohesive soil
layers requires a knowledge of the deformation re]ationéhips and the
effective stress history. The deformation relationships are given
by either void ratio-effective stress curves or strain-effective
stress curves. These curves are usually developed from oedometer
tests. The effective stress history is related to the manner in
which the soil is loaded, i.e. the load history. |

1.3.1 Load History

The load history contributing to the settlement follows the
sequence of construction operations or natural phenomena which con-
tribute to the consolidation settlement. Some of the construction

operations which make up a load history are as follows:



’

1) Unloading of the soil due to excavation.

2) Temporary and/or permanent changes in ground.water con=-

ditions.

3) Loading due to the construction of the structure. This
is the addition of the structural dead load.

4) Loading and unloading due to variations in the 1ive Toad
during;tﬁé useful 1ife of the structure.

5) Effects of adjacent construction.

Each applied load (or unload) imposes an effective stress
distribution on the soil. For example, an effective stress (o')
profile is shown in Figure 1. The natural (insitu) effective
stress distribution is shown by curve (1). If the first step in
the construction sequence is an excavation the effective stress
distribution curve changes from (1) to (2). A building loading
further changes the effective stress distribution from curve (2)

to curve (3).

The consolidation settlement is governed by the effective
stress history. This history, in turn, is governed'ﬁy the load
history. For the example shown in Figure 1, the insitu effective
stress for the (<th) layer is at the point (a). The change in
effective stress due to excavation changes the (<th) layer effec~
tive stress to point {b), producing an increment of effective
stress of (—Acé), where the minus (-) sign is for unloading. The
subsequent foundation loading changes the (ith) layer effective
stress to point (¢), producing an increment of effective stress
(Aoé). It is these increments of effective stress which produce
the settlement contribution of the (Zth) layer. '

1.3.2 Specifying the Effective Stress History

The effective stress history for the soil profile must be
established for the calculation of settlements in the cohesive
soil layers. This history-is input to the progran by specifying
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a series of effective stress increments in each conesive soil

layer.

The effective stress increments are specified in the fol-
lowing notation. The index (<) refers to a cohesive layer number
where (Z) can range in value from one (1) to (). The index (J)
refers to the effective stress history point. There are (i)
increments ofleffective stress where (°=1, é, ...m). Thds,

(¢ ;) is the effective stress for the (ith) layer at the end of

® 1]
the (jth) effective stress increment (Ac. .).
R

A general relationship for the effective stress increment

] -
(Aqi,i) is,

o

Ao s - = Gh - G . (1)

The insitu effective stress for the (zth) layer is (oé i)°
This value may be eijther specified or calculated by the program.

The effective stress increments should be specified to
represent an "average" value in each cohesive layer that is
assumed to govern the settlement contribution of the layer.

There are three ways in which the effective stress history

can be input to the program. They are as follows:

1) The effective stress history is specified for each
' ‘cohesive layer. The effective stress increments
(ac. .) are input by layer. There are (=) values of

Jdst
effective stress input for each cohesive layer.

2) The effective stress history is uniform with depth. One
set of (m) effective stress increment values (Ao;) is
input which applies to all cohesive layers. Theuprogram
calculates the effective stress incrcments (Aoj 4) for

each cohesive layer as, ' -

r _ 4
Aoj,i = AUJ- ] (2)
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3) The effective stress history is specified with a layer
dependent stress distribution function (f). One set of
(m) effective stress increment values (;:é) is input.
Also, the stress distribution function value (fi) is input
for each cohesive layer. The program calculates the
effective stress increments (Ac}}i) for each cohesive

layer as,:

) - 4 %
ch,i = ch f’i . (3)

1.3.3 Deformation Re}aiionships

The program assumes that the deformation of the cohesive soil
layers is governed by an effective stress-strain relationship.
This relationship may be specified by a strain-effective stress
curve or a void ratio-effective stress curve. These curves are
simplified as a series of straight line segments on a semi-

logarithmic plot.

The void ratio-effective stress relationship shown in Figure
2 pertains to the example previously given for the effective
stress history provided in Figure 1.
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FIGURE 2
EXAMPLE VOID RATIO-EFFECTIVE STRESS RELATIONSHIP

In Figure 2, the states of effective stress represented by (c;)
(oé), and (¢.) are the states of stress shown by points (a), (b),
~and (c) respectively in Figure 1.

The deformation, as characterized by the void ratio (e) has

the following history.

1) Starting from (e, o;), the soil expands to a point
(eb’ oé). The net change in void ratio due to excava-
tion is (Aeb).

2) Subsequent to excavation the foundation loading traces

] § . .
the curve from (eb, ob) to (ec, cc), resylting in a net



compression of (éec).

3) The net change in void ratio due to the construction

sequence (ae) is,
Lo = be, - hey (?)

Some characteristics of the void ratio-effective stress -
curve shown in Figure 2 which are characteristic of a more gen-
eral relationship are as follows:

1) If a laboratory curve is developed by loading only, a
unique curve called the "primary loading envelope" is

formed.

2) The primary loading envelope can be formed by several
straight line segments. Each line segment is called a
"primary loading segment". ‘

3) The unloading path has a slope which may be different
~ than the primary loading segment from which it developed.

4) The sTope of all the unloading paths develdped from the
same primary loading segment will be the same. The un-
loading slopes, however, will be different for different

primary loading segments.

5) A reloading will follow the unloading path until the
primary loading envelope is reached. This envelope will
be followed thereafter.

The slope of the void ratic-effective stress curve is mea-
sured by the compression index (CC) and the expansion index (Ce).
Following the rules given above, the compression index applies to
the primary loading envelope, while the expansion index applies
to the unloading and reloading curves. In the reloading case,
the applicability of (Ce) is only in the region where the effec-
tive stress is Jess than the effective stress for unloading.
Beyond that point the compression index (CC) applies.

1-8



Using Figure 2 as an example, the compression index (CC) for
(o' > Ué) is,

e=e - C loglo(o'/o;), (5)
The expansion index (Ce) for (o' < cé) is,
e=e -C 10910(0'/0;). (6)

In any one of the paths of Figure 2, a strain increment can
be defined. The strain increment developed from the initial un-
loading due to excavation (Aab} is

bey = Aeb/(1+ea}, (7)
The strain increment developed due to the final loading (AEC) is,

be_ = Aec/(1+eb).> (8)

In addition it is convenient to calculate the constrained
compressibility (mv).= This is useful for input to programs which
calculate the progress of settlement. Again referring to Figures
1 and 2, the constrained compressibility (mvb) for unloading is,
13

and the constrained compressibility for loading is,

My = AsC/AcC. (10)

Generalizing the above, a notation can be established for a
general void ratio-effective stress relationship consisting of an
arbitrary number of primary loading segments, as shown in Figure
3.
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FIGURE 3
ARBITRARY VOID RATIO-EFFECTIVE STRESS RELATIONSHIP

Let the extremities of the primary line segments be indexed
by (k) where the}e are (p) points defining the curve. Thus (k = 1,
2, 3, ...p). The primary loading segment between (k) and (k+1) is
- indexed (k). Thus as shown in Figure 3 there are 5 poinis and 4
Tines.
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From the viewpoint of notation, the effective stress (c; L.)
is the (kth) end of a primary loading segment for the void ré%is—
effective stress relationship for the (7th) layer. The void
ratio (ek,i) is similarly defined. ’

Figure 4 presents an arbitrary primary loading segment vith

an unload-reload Tine.

e}

FIGURE 4
SEGMENT OF VOID RATIO-EFFECTIVE STRESS CURVE
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This segment goes from point (k) to point (k+1). The unloading
point is indexed {u). The compression index (CC)L . of the (kth)

s T

1ine of the (Zth) layer is defined as,

e, = ek,i - (Cc)k,i loglg(oi/ck’i) (11a)
where (ei) is the.resulting void ratio, and the arbitrary effec-
tive stress (o) is,

¥ i § N
ok). <o, < 0k+l,i (115)

The expansion index (Ce)k 5 associated with the (kth) line of the

(Zth) layer 1is defined as,

: ki (Ce)k,i ]Ogla(ci/gu,i)’ (122)

where,

Gu+1,i <9 Ou,iv o (120)
As an example of the use of equations (11) and (12) considér
the following four examples shown on Figure 4. o

1) Let the effective stress history advance from

! 1
g, .=+ 0o, .. Then
1,7 4,7 ’

Ae4,i =l ;€ T (Cc)k,i 10g10(04,i/ol . (13)

3 -

§ i

2) Let the effective stress history be, op  » o .- oy

U, 1.

Then the void ratio increment (Aei) must be calculated

3=

in two parts. First,

_,t’I: }Oglo(O" .//Gi ) (143)

1]
R
U,z .
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Then,

= . - .= Y. e .
(j b&; eu,z €21 (Ce’<,z ]OQIO(GZ,L/Ou,z)’ (14b)
And the void ratio increment for the effective stress
T history is,
be. = AeuJi + 68, s (14c¢)

3
{

where the addition above is algebraic.

3) For a reloading effective stress history cé . > 03 s

1

;=8 ey = () N0gigley oy ) (15)

e

4) Let the effective stress history be, 9y * O,

4
.+
s 4

k]

The void ratio increment (Aei) is caleulated in two parts.

First,
Aeu_,'z: = 92’7: - euj?: = <Ce)k,7: ]Oglo(gu,i/’qz,i) (16&)
Then,
- _ - . .
Be,1 7 €1 " %a,2 (Cc)k)i 10910(64}i/0u’i)' (16b)

The net void ratio increment (Aei) is,

.= .+ .
be Aeu}l 564,z’ (16c)

where the addition is algebraic.

In the general notation developed above the strain increment

for the (jth) Toad history iiovor20, and the (<th) Jayer (¢, )

s

is,
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. = . . +e. L,.
AEJ.:"" AeJ)i‘/(l e¢7"1 z

). (17)

In the example given above and shown on Figure 4, the strain
increments for the four effective stress history cases are as

follows:

1) For the history, o; . > o, . the strain increment is,
. 3L 3 i o

. = be, 7;/(1+el i). _ (18)

9 *® 3

2) For the history o, . >0 . =+ o, . the strain increment
1,7 U, 2,7

is the sum of the strain increments along the loading
~and unloading branches. Thus, ‘

Agu,i = Aeu,i/(l+el,;)’ (1%a)
AEZ,i = AeZ,i/(l+eu,i)’ (19b)

and
be, = € i + € ; (19¢c)

where (Aei) is the net strain increment over the full

load history.

3) For the history, 9 f oy ;s then,

]

= 3\ )
AE,S’i A93,i/(1+82’i;. (40)

4) For the history, 0y o o' .+ o, ., the strain increment
,T u, 1 4.1

is again decomposed into two separate calculations,

= o
Aeu,i Aeu,i/(l+92,i)’ (21a)
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and,

bey, . = 68y J(l+e ). (21b)
The net strain increment is,

Lte. =g .+ EF ..
z u 4,7

t is noted that in cases (1) thru (4) above there could be
two definitions ¢f the strain. These involve the establishment of
the initial base used in the strain calculation. MAGSET consis-
tently breaks all calculations in accordance with the slope of the
void ratig-effective stress lines. When a decomposition takes
place, the initial value used in the strain calculations is ad-
justed to account for the change in slope. This is opposed to a
calculation which uses an absolute initial void ratio.

Using the general notation the constrained compressibility

(mv)j}i for the (jth) load history increment and the (Zth) Tayer

is,
- (m ). . =ac. ./Ao; . (22)

If the deformation relationships are given as strain-
effective stress curves, the strain calculations are simplified.
The characteristics of the strain-effective stress curves are the
same as the characteristics stated earlier for the void ratio-

effective stress curve.

The strain-effective stress relationship shown in Figure 5
pertains to the example previously given for the effective stress
history provided in Figure 1. The relationship befween the
strain-effective stress in Figure 5 and the void ratic-effective

stress curve in Figure 2 can be seen by comparing the two curves.



), (og), and (oé) are the same
(eb), and (ec) correspond to

The states of effective stress (c;
)s
(ec). The two curves have the

on both curves. The strains (sa

the void ratios (ea), (eb), and
same general-shape when the strain 1s plotted decreasing in the

upward direction.

Strain

|-
ooy

Log Effective Stress (g')

o

FIGURE 5
EXAMPLE STRAIN-EFFECTIVE STRESS RELATIOHSHIP

The slope of the strain-effective stress curve is measured

by the strain compression index (CCC) and the strain expansion

index (Ceg)‘
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Using Figure 5 as an example, the strain compression index
(CCC) for (¢ > Oa)~1s’

e = e, * Lo T0gio(o'/oy) (23)

The expansion index (C ) for (¢ < oé) is,

e =¢, +C,_ loge(a'/a)) (24)

The strain compression index (C. ) and the strain expansion

Ce
index (Cea) are related to the compression index (CC) and the ex-
pansion index (Ce} of the void ratio-effective stress curve.

Referring again to Figure 2 and Figure 5, for the segment of the

H 1 - o
curve (0; <g < oc) these relationships are,

and,

Note that by definition the slopes (CC), (Ce), (CCE), and
(CQE) are all positive. .

S

The strain increment calculations follow the same procedures
used with the void ratio-effective stress curve. For example, the
strain increment (Aeb) caused by the unloading due to excavation
is, '



1.3.4 Specifying the Deformation Curves

"~ The deformation relationships are input to the program in
the form of void ratio-effective stress curves or strain-effective
stress curves. There is one curve for each cohesive soil Tayer.

Two options are available for specifying the deformation
curves. In each option a primary loading envelope of the deforma-
tion curve is defined by a sequence of points and Tines as shown
in Figure 6. The point of lowest effective stress is point (1)
with the remainder of the points numbered sequentially in the
order of increasing effective stress. The primary loading seg-
ments are also numbered sequentially with the line number equal
to the Towest point number associated with tﬁe Tine.



(e)

(r)

Strain
Void Ratio

FIGURE 6
POINT AND LINE NUMBERS

The remaining information defining the deformation curve is
specified at the points and lines of the primary loading envelope.
Thts information is given by one of the following procedures.

Procedure 1:

a)

1
e

The effective stress coordinates (o, .) at the
3

point numbers of the primary lozding envelope

are given.

. i
A reference coordinate (e} .y . L) Or (e% .
- Sy M

N

. i) at a point number on the primary loading
X,
envelope is specified.

1-19



¢) The slopes (CC, Ce) on (CCE, Cea) of each line

on the curve are specified.

- . £
Procecure 2: a) cCoordinates (2. ., o, .} or .. 0, .) are
‘ ( %,2° k,z) ( i ’,L)

I
T
'C,b .

specified at each point number of the primary
loading envelope.

b) Coordinates (eu’i, cu,i) or ,(Eu,i’ Ou,i) are

specified at a point along the unloading path of
each primary loading line.

¢) The slopes (C_, C,) or (C._, C.) are calculated

e Ce
by the program.

1.4 Settlements in Granular Soils

Three methods are available in the program for estimauing the
settlement of granular layers. Two of the methods use data ob-
tained from the Standard Penetration Test (SPT) and one uses data
from the static cone penetrometer. The details of these methods

will be presented in ihe sections to follow.

1.4.1 Meyerhof's Method

This method is based on an empirical correlation with the SPT
blowcount. Meyerhof {1965) gave the following equations for the
settlement of spread footings on sands and gravel,

¢ 89, B 2 (

S CD y (8 - 1) . for B > 4 ft {28a)

or,
CDl6q
S = —— for b ¢ 4 ft (28b)
3N
where,
S = settlement magnitude - inches
CD = foundation embedment correction factor
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f

N = Standard Penetration Test blowcount
q = foundation pressure - tons/ft?

B = feeoting width - feet

The foundation embedment correction factor (CD) applied to

Meyerhof's equation is,

_, D - :
Cp = 1- 75 (29)

where,

D = difference in elevation between the ground surface
surface and the foundation elevation.

The program controls the factor (CD) so that it will not be less
than 0.5.

1.4.2 D'Appolonia's Method

"D'Appolonia's method (D'Appolonia, 1970) employs an empirical
correlation, developed from field case studies, relating sand
modulus to the SPT blowcount. Footing settlements are than

estimated using elastic theory.

D'Appolonia's settiement equation is,

a8

S = Uoul 1

where,

S = settlement magnitude
Ug = foundation embedment correction factor
U, = stratum thickness correction factor

g = average applied foundation pressure

B = smallest footing dimension .

M = modulus of compressibility, M = E/(1-v%), where E

is the modulus elasticity and v is Poisson's ratio
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Values of M, Uo’ and U, are obtained from the correlations
presented in Figure 1l. Because D'Appolonia's covre}ation-betwéen
modulus and SPT bloweount was deveiopsd for footing foundatiions on
sand, there are restrictions on its use. The correlation should
not be applied to raft foundations or to silts and sandy silts.

1.4.3 Schmertmann's Method

Sﬁhmertmann‘s (1970) method for the calculation of settlerent
beneath foundations on coarse silts to medium sand uses the static
cone-bearing capacity to estimate insitu compressibility. Strains
and settlements are then calculated utilizing this information.

Essentially, the settlement calculations by this method are
an integration of strains. It is formulated as,

S = J;ﬁ EZdZ x
0
where,
C, = foundation embedment correction factor ,
4p = p - pg, where (p) is the foundation pressure and (py)
is the overburden pressure at the foundation level
= footing width
= modulus of elasticity of the {2th) sand layer
IZ = strain influence factor

The embedment correction factor is,

C,=1-0.5 (Z‘g‘) ) (315)

However, in accord with elasticity, C, should equal or =xcesd 0.5,

The summation in equation (3la) includes only the sand layers

within the depth of influence of the footing.
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The modulus of elasticity of the sand layers (Ez) remains to
be defined. ‘Schmertmann proposed a simple correlation for design

in commen granular soils,

(9%
N
LN

E = 2q, ' (

where (qc) is the .static cone-bearing capacity.

Because the correlation with (E) is empirical and is based on
~(qc) as obtained from the use of the Delft static cone equipment,
it is desirable that the 9% profile input to the progrem be

obtained with'similar equipment.

It is possible, but with reduced accuracy, to use this
settlement calculation procedure in conjunction with standard
penetration test data. Schmertmann suggests the following ap-
proximate correlation, usually consefvat‘ives between N in blows/
foot and A in kg/cm?. The ratios shown in the following table

are only valid for the units given above.

Soil Type qC/N
Silts, sandy silts, slightly 2.0

cohesive silt-sand mixture

Clean, fine to medium sands and 3.5
slightly silty sands

‘ Coarse sand and sands with 5.0
little gravel

Sandy gravels and gravel 6.0

These conversions are only recommended as a temporary expe-
dient until cone data can be used directly.
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1.4.4 Strain Influence Factor

From the theory of elasticity, model studies, and experi-
mental and computer simulations results, it is clezr that the
vertical strain under shallow foundations over homogenesous, free
draining soils proceeds from a low value immediately under a
footing to a maximum at a significant depth below the footing
and thereafter diminishes with depth. This is considerably
different from what would be expected when assuming a vertical
strain distribution similar to the distribution of increase in
vertical stress. Such an assumption is likely to be incorrect.

The curves in Figure 7 show the distribution of vertical
strain below the center of a loaded area over a homogeneous
soil. The curves a, b, and ¢ shown in Figure 7 are from theo-
retical results using Poisson's.ratio (v) of 0.4 and 0.5 and on
the results of D'Appolonia (1968).

Considering the information available for the vertical
strain distribution, Schmertmann (1970) proposed that for
practical work, a simple piecewise 1inear distribution for
vertical strain can be used. This appfoximate distribution is
shown as curve f in Figure 7. Almes (1974) used the distri-
bution shown in curve g to represent the strain distribution.

Note that the distributions in curves f and g represent a
vertical strain influence factor (IZ) and not vertical strain
itself. From the theory of elasticity, the strain influence

factor (IZ) is related to vertical strain (ez} by the relation-

ship, . ‘

(33)

vhere (p) is the footing pressure and (E) the modulus of elas-
ticity.
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FIGURE 7
VERTICAL STRAIN INFLUEHCE FUNCTION

The settlement calculations involving a layered system
require some assumptions regarding the distribution of vertical
strain under a footing. The following section describes the
methods used by the program to compute settlements when the soil
profile consists of a layered system within the depth of influence

of the footing.

1.4.5 Lavyered Svystems

Feyerhof's method assumes homogeneous material and D'Appo-
Tonia's method is strictly applicable only for homogencous, iso-
tropic, and elastic materials. However, both methods can give
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reasdnab]y.accurate results for nonéhohégeneous materials, i.e.
layers of different blowcounts, provided that a representative
average blowcount can be selected. This average blowcount is
obtained-using the vertical strain influence factor (IZ) to weight
the blowcount in each sand layer over the depth of "influence of
the footing. The average weighted blowcount (Nl) is calculated by,

2B
. IZ ) .
Zmyj/(&_) @z
T oo o AN (34)
N 53
f IZdZ

0
shere (Nl) is.the SPT blowcount in the (sth) sand layer.

The integrations and summation containsd in equation 34 is
calculated by MAGSET only for granular layers within the footing
depth of influence. Non-granular layers are excluded. Thus the
average weighted blowcount (N) obtained from equation (30) is an
average for the sand layers only. When this value is used in the
Meyerhof and D'Appolonia relationships the result is the settle-
ment that would occur in a homogeneous sand with a blowcount of
(N). 1f non-granular layers are present within thefdepth of in-
fluence, this settlement must be reduced by the ratio between the
strain within the sand layers and the total strain within the
depth of influence to obtain the sétt}ement in the sand layers

only.

The distribution of the strain influence factor and the
depth of influence can be completely specified. The depth of
influence can be extended beyond a depth of twice the footing
width or ft can be truncated if a rigid boundary layer is present.
In the case of a rigid boundary layer no vertical strains occur

beyond the boundary.
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1.5 Units

. Any consistant set of units may be used. All input data must
be specified in terms-of these units. However, leyerhof's equa-

~tion is-an empirical relationship that is units dependent. There-

fore if Meyerhof's method is used two conversion factors must be
input which will convert the users units into the units necessary

for Meyerhof's equation.
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‘Chapter 2 - DATA INPUT

C

2,

(?i:> Data is input to MAGSET in the order presented below.

2.1 Problem Control Card

The problem control card reads the procblem number, the number
of layers, and the multiple problem indicator.

The READ variables are,
NPROB, NLAYER, LAST
The FORMAT is,
r T '
(315 Free Jldd

The variables are definad in Table 2.1.

e TABLE 2.1
S PROBLEM CONTROL CARD
3! ;
Variable \ cC // Description
NPROB -5/ Problem number.
NLAYER 0 Number of layers in the soil

profile. Maximum value is 15.

LAST 11415 Multiple problem indicator.
' = 0 for—brerky if current problem

is not the last one in the data
set. - '

# 0 if current problem is the

last one in a data set.
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Hote: A1l entries are right justified integers.

2.2 Title Card

Title or description of the problem. May be up to 80 alpha-
numeric characters which will be echo printed to output.

The READ variable is;

CITITLA 128
The FORMAT is,
8641 AL

The variable is defined in Table 2.2.

TABLE 2.7
TITLE CARD
Variable cC Description
€6
ITITL 1480 Alphanumeric title or descrip- |~

tion oféthe problem. May be
[
up to 8D characters in length.

2.3 Problem Option Card

This card sets the options for the current problem.

The READ variables are,
1I0PT(1), I = 1,8

The FORMAT is,
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s ’ /—\ N

(@ Free Fld
The variables are definzd in Table 2.3.

TABLE 2.3
OPTION CARD

Variable Y cC Description

N

5 Units indicator

]

10PT(1) 1

12

1 units to be printed in output

will be specified

2 no units will be printed in

]

cutput

10PT(2) 6-1 Insitu effective stress indicator

1 the insitu effective stresses
/ ' are calculated at the layer
midpoints by the program using
the unit weights of the soil
layers and the unit weight of

water.

= 2 the insitu effective stress
is input at each Tayer.

= 3 the insitu effective stress
is input at each layer and
added to the insitu effective
stress calculated by the pro-

gram..

10PT(3) Effective stress history specifi-

ot

e,
H

[

wn

cation

= 0 if there are no clay layers
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Variable

cC

Description

I0PT(4)

I0PT(5)

i

-1 an effective stress history
is input for each clay layer.

= 2 one effective stress history
is input that is valid for all
clay layers in the soil profile.

= 3 one effective stress history
is input that is valid for all
clay layers in the so0il profile.
A stress distribution function
will be input for each layer.
The effective stress history
for each layer is determined by
multiplying the layar's dis-
tribution function by the stress
history of the profile.

Deformation curve type

]

0 if there are no t]ay layers
in the sgil stratum.

]

1 strain-effective stress curves

2 void ratio-effective stress

curves.,

Deformation curve specification’

i

0 if there are no clay layers in:
the soil stratum.

= 1 deformation curves are input ;
using coordinate points of void ;

ratio or strain versus effec-

tive stress. Slopes between

coordinate points are ca?cu]ateﬂ
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Variable : cC Description

by the program.

= 2 deformation curves are input
using slopes, effective stress

values and a reference coor-

dinate.
10PT(6) Sand settlement method indicator
= 0 if there are no sand layers
in the soil stratum.
= 1 Meyerhof's method.
= 2 D'Appolonia’s method.
= 3 Schmertmann‘s'ﬁethcd.
= 4 all three of the above methods
will be used to calculate sand
layer settlements.
10PT(7) Vertical strain influence function

T
%

it

0 if there are no sand layers

in the soil stratum.

= ] curvéﬁé in Figure 7 will be
used in the calculation of an
avérage blowcount and/or the
“strain calculations.

= 2 curve T in Figure 7 will be
used in the calculation of an
average blowcount and/or the

strain calculations.

= 3 a vertical strain influence

function will be input.
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Variable \ CC / Description

10PT(8) 39440 Datum conversion option o -{j

[

1 depths or elevations input
will not be converted to a spe- |
cified datum.

2 depths or elevations input
K will be converted to a speci-
fied datum.

Note: A3l entries are right justified integers.

e

2.4 Units Card | o
Units Card R

This card specifies the length and force units of the inﬁut
data. It is input only if IOPT{1) = . ——

The READ variable is,
WNIT(D), 1 =106 _ . (
The FORMAT is,
3oar AL

The units designation is controlled in accerdance'wjth the
cotumn control given in Table 2.4.
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TABLE 2.4
UNITS CARD

Variable

Description

IUNIT

IUNIT

Length units. The entry should
be centered within the speciffed
field for presentability of out-
put.

Force units. The entry should
be centered within the specified

field for presentability of out-
put.

MAGSET-II does ggg’distinéuish units in the calculations.
The 1input units are only printed in the output to indicate which

set of consistent units were used for the input data.

2.5 Ground Water Data

This card inputs the unit weight of water and the ground

water position.

The READ variab]es are,

GW, GWELEV

The FORMAT is,

@0/ 4@ 2.4

The varijables are defined in Table 2.5.

LY
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TABLE 2.5
GROUND WATER DATA

Variable cC 1/‘ , Description
GW 1+1 Unit weight of water. '
GWELEY 11420 Depth or elevation of the ground
water surface.

2.6 Layer Interface Cards

This sequence of cards defines the position of the layer
interfaces. There are NLAYER + 1 of these cards.

The READ variab]es are,
L, DEPTH(L)

Read in a DO loop with a range from 1 to HLAYER + 1.
The FORMAT is,

’ G 0> Jiae bl

The variables are defined in Table 2.6.



-

P
%
i

TABLE 2.6

LAYER IHTERFACE CARDS

Variable Description
/
L / Layer interface number. Right

justified integer. - '

DEPTH(L) 0 Depth or elevation to the top of
the (Lth) layer. If L = HLAYER
+ 1, the depth or elevation to
the bottom of the last layer in

i ' the soil stratum™ ™~
———

Interface positions must be input in numerical order or an

error—essage will be printed and execution terminated.

2.7 Soil Properties Cards

This sequence of cards inputs the types and unii weights of
the soil in each layer of the soil profile. There is one card -

per layer.

The READ variables are,
L, NTYPE(L), WGT{L)

Read in a DO loop with a range from 1 to NLAYER;

The FORMAT is,
G100 0 e Fidld

The variables are defined in Table 2.7.
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CTABLE 2.7
SOIL PROPERTIES CARD

‘Véffabfe | VCbJ" | Description
L -5 Layer number. Right justified
. integer.
NTYPE(L) ~10 Soil type for the (Lth) layer.
Right justified integer.
= 1 clay
= 2 sand

1]

3 incompressible

WGT(L) 11-20 Total unit weight of soil in the
(Lth) layer.

Soil property cards must be input in numenical order
from 1 through NLAYER or an error message will be printed and

execution will be terminated.

258 Datum Conversion Card

This card inputs the information needed to-convert the input
depths or elevations to elevations of a specified datum. It is
input only if IQPT(8) = 2.

The READ variables are,
DATUM, DIFELV

The FORMAT is,

<;EEE§;§;ET Ziee Fuild
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The variables are defined in Table 2.8.

TABLE 2.8
DATUM CONVERSION CARD

Variable cc ~ Description
2 Vi )
DATUM )~ Datum elevation.
DIFELV 11¥20 - Difference in elevation between
the datum elevaticn and the top
’ of the first layer in the soil

stratum. This value is negative
if the datum elevation is above
the top of the first Tayer and
positive if it is below the top
of the first layer.

2.9 Insitu Effective Stress Cards

This sequence of cards inputs the insitu effective stress at
the midpoint or an "average" point in each layer. These cards are
input only if I0PT(2) = 2 or 3.

The READ'varfables are,

L, SINSI(L)

Read in a DO loop with the range 1 through HLLAYER.

The FORMAT is,

The variables are defined in Table 2.6.



TABLE 2.9

INSITU EFFECTIVE STRESS CARDS

Variable cC / Description
’ L 1 Layer number. Right justified
. integer. : |
SINS1(L) 11£20 The input insitu effective stress
{ at the midpoint or "average"
point in the (Lth) Tayer.

Insitu stress card must be input in numerical order from 1
through NLAYER or an error message will be printed and execution

terminated.

2.10 _Effective Stress Increments - Individual Soil Layers

These cards inpﬁt a history of effective stress increments
for each clay layer in_the soil stratum. These cards are input
only if I0PT(3) = 1. ‘

The READ vériab]es are,
L, SIGMA(L,NS), LS

- The FORMAT is,

@%%ﬂ&

The variables are defined in Table 2.10.
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TABLE 2.10
EFFECTIVE STRESS INCREHENT - INDIVICUAL SOIL LAYERS

Variable cc Description

Layer number. This value must be
the number of a clay layer in the
soil stratum. Right justified

integer.

The (NSth) effective stress incre-
ment in the {Lth) layer.

SIGMA{L,NS)

Last increment indicator.

= (0 for—bTank, if there are more

effective stress increments to
be input fcr the (Lth) layer.

LS

# 0 if this effective siress in-
crement is the last one in the
(Lth) layer. '

The effective stress increments for & clay layer are input
sequentially while the c]éy layer number remains constant. Then
the effective stress increments for the next clay Tayer are input.
The clay layers must be input sequentially.

The maximum number of effective stress increments for a giyen
clay layer is ten (10). A1l the clay layers in the soil stratum
must have the same number of increments or an error message will
be printed and execution will be terminated. In some cases it
may be necessary to divide a natural effective stress increment
Into one or more segments SO that every soil }ayer'wj1i have an

equal number of increments.
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2.11 Effective Stress Increments - Complete Soil Profile

These cards input a history of effective stress increments
which apply.to-all the clay layers in the soil profile.  The
effective stress history may apply uniformly across all the
layers in the profile. The effective stress history can also
be proportioned by inputting a layer dependent stress distribu-
tion function to e%tab]ish a different effective stress history

for each layer. These cards are input only if IOPT(3) = 2 or 3.

The READ variables are,

SIGI(NS), LS

Goo) Snsetisld

The variables are defined in Table 2.11.

Th

[13]

FORMAT is,

TABLE 2.11
EFFECTIVE STRESS INCREMENTS - COMPLETE SOIL PROFILE

Variable cC p ' Description
SIGI(NS) 11 The (NSth) effective stress
increment.
LS 1m§5 | Last increment indicator.

0 forbTamiy if there are more

effective stress increments to

it

be input.

0 if the effective stress in-
crement is the last to be input.

i
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The effective stress increments are input sequentially. The’
maximum number of effective stress increments is-ten (10). An
error message will be printed if either-of the above conditions
are violated and execution will be terminated. -

2.12. Stress Distribution Function Cards

These cards input the value of the stress distribution func-
tion (fi) in each clay layer of the soil stratum. These cards
are input only if IOPT(3) = 3.

The‘READ variables are,

L, F(L)

The FORMAT is,

@« EE W

The READ variables are defined in Table 2.12.

TABLE 2.12
STRESS DISTRIBUTION FUNCTIOH CARDS

Variable ( cC / Description
L - Clay layer number. Right justi-
fied integer.
F(L) 1-%0 Value of the stress distribution
Function®in the (Lth) layer.
Thers ¢ one card for each clay layer. The clay layers must

be input sequentially or an error message will be printed and

execution will be terminated.
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2.13 Deformation Curve - Coordinate Point Cards

These cards define the cohesive soil deformation curves by
inputting a series of coordinate points in terms of void ratio
or strain versus effective stress. These cards are input only
if 1I0PT(5) = 1.

One curve is input for each clay 7ayer in the soil profile.
Figure 8 shows a iypica? deformation curve for a clay layer
which is defined in terms of coordinate points. Deformation
curves are input for each clay layer in the order which they
occur in the §oiT profile. The following set of cards is input

for each deformation curve:

2.13a Deformation Curve - First Coordinate Point Card

The READ variables for the first card defining the deforma-

tion curve is,

ILAYER, LINEPT(I,IPT), E(I,IPT), SIGMAP(I,IPT)

Canans w2l

The variables are defined in Table 2.13.

The FORMAT is,
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Strain {¢) or Void Ratio (e)

E(1,1)
ER(1,1)
£(1,2)

ErR{1,2)
E(1,3)

ER(I,3}

E(K,Q)

®= LINEPT(1,1)

SIGHAP(I,1) SIGHAP(I,2) - SIGHAP(1,3) SIGHMAP(I,4)

SIGR{I,1) SIGR{I,2) ) SIGR{I,3)

Log Effective Stress {~')

FIGURE 8
TYPICAL DEFORMATION CURVE FOR THE Ith LAYER
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TABLE 2.13
FIRST CQORDIHATE POINT ON THE DEFORMATION CURVE

Variable cC : Descripticn
ILAYER 1-5 Clay layer number. Right justi-
: _ fied integer. '
LINEPT(I,IPT) 1 The first point on the deforma-

tion curve for the {Ith) layer.
This value must be equal to 1.
Right justified integer. '

E(I,IPT) 11-30 The void ratio or strain coor-

dinate at the first noint on the
deformation curve for the (Ith)

Tayer.

SIGMAP(I,IPT) | 21430 The effective stress coordinate
‘ at the first point on the defor-
mation curve for the (Ith) layer.

The first point must define the point of lowes: effective
stress on the deformation curve.

2.13b Deformation Curve - Subsequent Coordinate Point Cards

The subsequent points on the deformation curve for the (Ith)
lTayer are now defined by the following cards.

- The, READ variables are,

ILAYER, LINEPT(I,IPT), E(I,IPT), SIGMAP(1,1PT),
ER(I,IPT-1), SIGR(I,IPT-1), LP

The FORMAT is,
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The READ variables are defined in Table 2.14.

TABLE 2.14

COORDINATE POINTS ON _THE DEFORMATION CURVE

Variable Description
ILAYER Clay layer number. Right justi-
' fied integer.
LINEPT(I,IPT) Coordinate point on the deforma-
tion curve for the {Ith) layer.
Right justified integer.
E(I,IPT) The void ratjo or strain at the

SIGMAP(I,IPT)

ER(1,1PT-1)

,SIGR(I,IPT-1)

41~

coordinate point LINEPT(I,IPT).

The effective stress at the co-
ordinate point LINEPTQI,IPT).

The void ratio or strain coor-
dinate which will be used to cal-
culate the expansion slope for
the 1ine segment (LINEPT(I,IPT)
-1) on the deformation curve for
the {Ith) layer.

The effective stress coordinate
which will be used to calculate
the expansion slope for the line
segment (LINEPT{I,IPT)-1) on the
deformation curve for the (Ith)
layer. .
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Variable Description

Last point indicator. A non-zero
digit is input on the last point

Card of the deformation curve for
the (Ith) layer. Right justi-

: fied integer.

LP

The points on the deformation curve must be input in order of
increasing effective stress. The deformation curve sets must be
in the order of the cohesive layers in the soil profile. If this
order .is not followed, an error message will be printed and

execution terminated.

The compression and expansion slopes are calculated from the
coordinates E, ER, SIGMAP, and SIGR. The coordinates E and SIGMAP
define the primary loading envelope in addition to the slopes.

The coordinates ER and SIGR are only used to define the expansion

slope.

2.14 Deformation Curves - Slopes and Reference Cards

These cards define the deformation curves by the input of
effective stress values, slopes, and a reference coordinate. They
are input only if IOPT(5) = 2.

One deformation curve is input for each clay layer in the
s0il profile by three sets of cards. The sequence of cards is
repeated for each deformation curve in the order of the clay
layers in the soil profile. Figure 9 shows a typical deforma-
tion curve for a clay leyer defined by effective stress values,
slopes, and a reference stress. The data is input in the follow-

ing manner,

-
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Strain {+} or Void Ratio {e)

(::) - LINEPT(I.1)
" : [13

(::)= LINEPT(1.2) = IREFPT(})

REFE(T) .

(::) = LINEPT(1.2)
N
(::) = LINEPT(1,4)
STGMAP(1,1) S1G:4P(1,2) SIGHAP(1.3)  SIGHAP(1.4 ) >
REFSIG(T)

Log Effective Stress {-')

FIGURE 9
TYPICAL DEFORMATION CURVE FOR THE Ith LAYER
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2.14a Effective Stress Cards

The first set of cards input the effective stress values on
the defcrméticn curve. The primary loading envelope of the curve -
is numbered sequentially in order of increasing effective stress.
The point of lowest effective stress is point 1. .

The READ variablés of the effective stress data cards are,
ILAYER, LINEPT(I,IPT), SIGMAP(I,IPT), LP

The FORMAT is,

215, F10.0, I5

St ld

- The variables are defined in Table 2.15.

Y

TABLE 2.15
EFFECTIVE STRESS CARDS

Variable Description”
ILAYER Clay layer number. Right justi--
fied integer.
LINEPT(I,IPT) Point number on the deformation

curve for the (Ith) layer. Right
Justified integer.

‘ The effective stress value at
i point IPT on the deformation

SIGMAP(I,IPT)

curve for the (Ith) layer.

LpP 2125 Last point indicator. A non-zero
) digit is input on the last point
of the deformation curve for the
(Ith) layer. Right Justified
integer.
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If the effective stress points are not input in orcer of
increasing effective stress an error message will be printed and

execution terminated.

2.14b Reference Coordinate Card

This card inputs a reference coordinate on the deformation
curve for the (Ith) layer. The reference coordinate must be at
a point number on the deformation curve and the reference effec-
tive stress must be equal to the effective stress at that paint.

The READ variables are,

ILAYER, IREFPT(1), REFE(I), REFSIG(I)
The FOﬁMAT {;s )
The variables are defined in Table 2.16.

TABLE 2.16
REFERENCE COORDINATE CARD

Variable cc Description

ILAYER - Clay layer number. Right justi-
fied integer.

IREFPT(I) 6H\10 Point on the deformation curve
for the (Ith) layer that is to
be used as the reference point.

REFE(I) 11420 Void ratio or strain at the re-
ference point for the (Ith) laye

-

ReE31 GL) E:Mme, Soes axtho
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2.14c Compression and Expansion Slope Cards

The next set of cards inputs the compression and expansion
slope of each line on the deformation curve. There is one card

per line.

The READ variables are,

The FORMAT is,

@

L3

ILAYER, M, CC(I,M), CE(I,M)

44

*The READ variables are defined in Table 2.17.

TABLE 2.17
COMPRESSION AHD EXPANSION SLOPE CARDS

Variable Description”
ILAYER Clay Tayer number. Right justi-
fied integer.
M Line number on the deformation
curve for the (Ith) layer.
CC(I,M) Compression slope of the (Mth)

tine on ¢ “wformation curve for
the (Ith) layer. If the curves
are void ratio-effective stress
curves, this value is the com-
pression index CC_ ‘If the curves
are strain-effective stress
curves, this value is the strain

compression index CCE.
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Variable k;y(

Description

CE(I,M) -30

Expansion slope of the (Mth) line
on the deformation curve for the
(Ith) layer. If the curves are
void ratio-effective stress curves
this value is the expansion index
Ce’ If the curves are strain-
effective stress curves this value

is the strain expansion index Cec"

The 1ine numbers must be in order beginning with 1 or an

error message will be printed and executicn ferminated.

2.15 Penetration-Resistance Cards

These cards input the penetration resistance of the sand

layers in the soil stratum.

They are input only if I0PT{(6) # 0.

There is one card per sand layer.

The READ vériab]es are,

L, BLOW(L), QC(L)

The FORMAT is,

The READ variables are defined in Table 2.18.
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TABLE 2.18
PENETRATION RESISTANCE CARDS

| ‘
Variable E% Description
L 145 Sand layer number. Right justi-
¢ fied integer. ' '
BLOW(L) 1120 The standard penetration test
(SPT) blowcount (M) in blows per
. foot fpr the (Lth) layer. This
- “**?**éi@ﬁ 125 10eT(6)
= 3,
Qc(L) 21%3? The static cone penetration re-
L sistance (q_),for the (Lth) layer.

These cards must be input in the order of the_;and layers in
the so0il profile or an error message will be printed and execution
will be terminated.

2.16 Footing Data Card

This card inputs the footing width, footing pressure, and
the depth or elevation of the footing. This card is input only
if I0PT(6) # 0.

The READ variables are,
Fp, FB, FDEPTH

The FORMAT is,
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The READ variables are defined in Tabls 2.1G.°

TABLE 2.19
FOOTING DATA CARDS

,
Variable CC 7 Description
FP 1 ‘é The average footing pressure
' used to calculate settlement
in the sand layers.
FB 11-20 The footing width to bs used 1in
the sand settlement calculations.
FDEPTH 2130 ‘The depth or elevation of the
footing.

2.17 Strain Influence Function Cards

This card inputs the strain influence function (IZ) to be
used for the sand settlement calculations. It is input only if
ICPT(7) = 3. This function is defined by two lines as shown in

Figure 10.

The strain influence lines are defined by the input of the
IZ values coincident with z/B values at three distinct points on
these Tines. The first point defines a cocrdinats on Tine 1.
The z/B value at this coordinate point represents the depth below
the foundation at which the summation of the strain influence
function, IZ, begins. The second point represents the coordinate
at the intersection of Tines 1 and 2. The /3 valus at this co-
ordinate point is also the depth below the foundation at which
the strain influence function, I_, is a maxzimum. The third point

z
defines a coordinate on line 2. The z/B vslue at-.this coordinate
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7N

depth ratio below foundation

N

¢

B/2 % Vertical Strain Influence Factor, Iz

R S 0.7

X el iy et

Figure 10

Example Vertical Strain Influence Funciion
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TABLE 2.21
VERTICAL STRAIN INFLUENCE FUSCTION Z3RD

Variable hCC Description

" }
ZB(1) UI~1? The z/B value of the first coor-
dinate point defining the verti-
cal strain influence function,
I_. This value does not have to

z
be at the base of the footing.

viz(1) 11-2 The strain influence function
value, IZ, at the first coor-
dinate point defining the verti-

cal strain influence function.

intersection

¢l
S
12

78(2) 231-80 ‘The z/B value of 3
of the two lines defining the
strain influence function.

viz(z2) 31440 The strain influence function

1

~ value at the intersection of the.
two lines defining the strain

influence function.

ZB(3) 41T50 The depth of influence (z/B ratio)
of the strain influence function.

VIZ(3) 51460 The strain influence function
S -
valuz at the depth of influence.

2.18 HMeyerhof's Conversion Factors Card

Meyerhof's method is an empirical reletionship that is units
dependent. MAGSET assumes any consistent set of units. There-
fore, when Meyerhof's method is used the units of the input data
must convert to the units necessary for Meyerhof's equation.
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This card inputs the conver-ion factors fo the length units ad
the force units. This card is input only if IOPT(6) = 1 or 4.

Table 2.22 contains a list of commonly used units and the
conversion factor to convert into units of feet and.tons which
are the units used by Meyerhof's equation.

. TABLE 2.22a
LENGTH CONVERSION FACTORS

Length Unit
of Input Data Conversion Factor
feet 1.0
“inches 0.0833333
centimaters 0.0328084
meters 3.2808398
cubits 1.5

TABLE 2.22b
FORCE CONRVERSION FACTORS

Force Unit ,
of Input Data Conversion Factor
tons _ 1.0
Kips 0.5
pounds 0.0005
grams 0.00000110231
kilograms 0.00110231
stones A 0.007
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The READ variables for Meyerhof's conversion factors are,
CONVFT, CONVTN

The FORMAT is,

The READ variables are defined in Table 2.23.

TABLE 2.23
MEYERHOF'S CONVERSION FACTORS

Variable k Description

CONVFT 1410 Length conversion factor. This
value is used to convert the
length unit of the input data
to units of feet.

CONVTH 11-20 Force conversion factor. This
value is used to convert the
force unit of the input data
to units of tons.

2.19 D'Appolonia's Parameters Card

This card inputs the parameters in D'Appolonia's equation.
This card is input only if IOPT(6) = 2 or 4. These parameters
may be selected from the relations given in Figure 11,

The compressibility modulus M may be specified in two ways.
he
standard penetration test (SPT) blowcount () is specified by a
straight line relationship. An intercept and slope coincident

o

In the first case the relationship between the moculws and
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with the users knowledge of the stress history of the sand is
input. When the average weighted blowcount is computed by the
program this relationship is used to calculate a compressibility

modulus.

The second way to specify the cdmpressibiiity modulus is to
input a value. ‘Thjs case exists when the average blowcount is
known or assumed. The input value for the modulus is then used
directly in D'Appolonia's equation and the blowcounts input to

the program are ignored.

The READ.variables for D'Appolonia's eguztion are,
U0, Ul, EMOD, EINTCP, ESLOPE

The FORMAT is,

CFOD oo Gk

The READ variables are defined in Table 2.24.
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TABLE 2.24
D'APPOLONIA'S P 2AMETERS CARD

Variable [ cC ) Description
uo Al-1 Embedment correction.
Ul 11-2 Stratum thicknesé correction.
EMOD 21-30 Specified compressibility modulus
(M). Leave this field blank if
EINTCP and ESLOPE are specified.
EINTCP 31440 Modulus intercept in relation
between compressibility modus
and (SPT) blowcount (N). Leave
. this field blank if EMOD is spe-
cified. '
ESLOPE 41-50 Slope of the modulus-blowcount
L correlation. Leave this field

blank if EMOD is specified.

2-35







55
I

Chapter 3 - SAMPLE PROBLEM

This chapter describes seven sample problems for MAGSET-II,
Version 1. The test problems illustrate the capabilities of the
software and demoqstrate the data input. In addition, the test
problems extensivé]y exercise the program's code.

The coded input for all the test problems is shown in Figure

13. The output is shown in Figure 20.

¢

3.1 Sample Problem Number One

Sample problem 1 has a soil profile consiting of clay and
sand layers as shown in Figure 12. It is desired to determine
the magnitude of the consolidation settlements of the three clay

layers. No sand settlements will be computed.

The effective stress history is due to the following con-

struction sequence:

1) Unloading due to excavation

2) Preloading

3) Removal of part of the preload
4) Foundation loading

The insitu effective stress and the effective stress incre-
ments at the center of the clay layers are given in Table 3.1.

The clay layers have idealized void ratio-effective stress
curves as shown in Figure 13.  The deformation curves were input
using coordinate points. The coordinates are given in Table 3.2.
Units are specified in feet and tons.

The insitu effective stress for Tayer number 2 is shown as
zero in the output because layer 2 is designated as incompressible

and no insitu effective stress is required.
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4]
(9 aar Y, = 0.05
48
Figure 12

Soil Profile - Sample Problem 1
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TABLE 3.1

EF?ECTIVE STRESS HISTORY - SAMPLE PROBLEM 1

Load Layer 1 Layer 3 Layer 4 -
Event ao’ of Ao’ o' bg' o'
Insitu 1.219 1.51 1.688
Excavation| -0.6924 0.5266 -0.6600 0.8500 -0.6036 1.0844
Preload 0.7282 1.2548 0.6780 1.5280 0.4246 1.5090
Removal -0.200 1.0548 -0.200 1.3280  -0.200 1.3090
Foundation| 0.6898 1.7446 0.6194 1.9474 0.2858 1.5947
JABLE 3.2
COORDINATE POINTS ON THE DEFQRMATION CURVE
Layer Point Void Rebound Rebound
Humber Number Ratio Stress VYoid Ratio Stress

1 1 0.80 0.5

1 2 0.785 1.21? 0.80 0.5

1 3 0.775 1.5 ° 0.7783 1.219

1 4 0.55 4.0 0.5867 — 1.5‘
3 1 0.64 0.2

3 2 0.588 1.51 0.64 - 0.2

3 3 0.509 - 4.00 0.5250 1.51

& 0.80 0.475

4 0.773 1.688 0.8 0.475

4 0.711 4.00 0.722 1.688
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3.2 Sample Problem Number Two

Sample problem 2 analyzes the settlement of the soil profiie
beneath the center of thenfooting shown in Figure 14. An adja-
cent footing is also shown. The consolidation settlement wiil
be calculated for the clay layers. Moyerhof's method will be
used tc compute settlements in the sand layers.

A foundation bressure of 2.2 kips/ft2 will be applied to both
footings in increments of .7, .75 and .75 kips/ft.2 The effective
stress history for the clay layers in the soil profile is
specified by gsing stress distribution fupctions. The stress
distribution functions were independently determined by Westev-
gaard’'s method. The contribution of the main fooling and the
additional stress imposed beneath the center of the main footing
by the adjacent footing were added to determine the percentage of
the footing load dt the center of each layer. The stress incre-
ments for the sf?atum and the stress distribution functions are

given 1in Table 3.3.

Insitu effective stress values were calculated-by the program
at the midpoint of each Tayer. -
The deformation curves for the clay layers are specified

using effective stress values, slopes, and reference points. The
deformation curves are given as strain-effective stress curves.

A1l the curves are specified with the reference coordinate at

the preconsolidation pressure with the slopes specified above
and below the preconsolidaticn pressure. These valuss are given
in Table 3.4.

The sand settlements are calculated using Meyerhhf’s method.
The penetration data is given in Table 3.5. The strain infiuence
function given in curve "g" in Figure 7 is used to calcuiatz the
strain weighted blowcount. A foundation pressure of-4.5 kips/ftz
and foundation width of 20.0 ft were used to calculaie sanc
settlements.
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TABLE 3.3a
 STRESS INCREMENTS FOR STRATUN

;w Increment Number Effective Stress Increment
(kip/ft) -
: 1 | 0.7
. ‘ 0.75
3 , 0.75
, TABLE 3.3b

STRESS DISTRIBUTION FUNCTION

Layer Number Stress Distribution Value
.64
.33
.06
T
< TABLE 3.4a

DEFORMATION CURVE DATA - EFFECTIVE STRESS POINTS

Layer Point Effective Stress
2 . 1 0.1
2 5.4
2 10.0
3 0.1
3 3.2113
3 10.0
5 1 Q
5 2 7.
3 10.0 )
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TABLE 3.4b
DEFORHATION CURVE DATA - REFEREHCE POINTS

- Reference Reference
Layer Point Strain Effective Stress
2 2 " 0.0026 5.4
3 2 0.0 3.2113
5 "2 0.0015 7.2
TABLE 3.4c

DEFORMATION CURVE DATA - SLOPES

Layer Line Number Compression Slope  Expansion Slope

2 1 0.0062 | 0.00625
2 2 - 0.0625 0.00625
1 ©0.0131 0.0131
2 0.1333 0.0133
5 1 0.0171 6.0171
2 0.1765 0.01765
. TABLE 3.5

SOIL PROPERTIES - SAMPLE PROBLEM 3

' ' Static Cone
Total Unit : S.P.T. Penetration

Layer Soil Type Weight (kips/fts) Blowcount  Resdstance
(kips/ftl)
Sand 0.115 10.0 80.0
2 Sand 0.115 12.0 96.0
Sand 0.1154 15.0 120.0

=



\

" The input elevations are converted to datum elevations using
a benchmark elevation of 1000.0 ft and an elevation.difference of

0.0 ft.

3.3 Sample Problem Number Three

'>Samp1e problem 3 analyzes the settlement of the sand profiie
shown in Figure 15. The settlements are computed using all thraz
sand settlement methods: Meyerhof, D'Appolonia, and Schmertmans.

The soil properties are givén in Table 3.5.

- The strain influence function, curve "g," is used in the.
strain and strain weighted blowcount calculations.

| The intercept and slope for D'Appolonia‘'s relation between

. . ?
~compressibility modulus and blowcount are input as 533.0 kips/ft”

and 22‘2‘kips/ft2, respectively.

" The settlements were calculated using/; footing width of
10.0 ft and a footing pressure of 3.0 kips/ftz,

Caution should be exercised when comparing the.results of
Meyerhof, D'Appolonia and Schmertmann on a single problem. The
methods are based on different empirical correlations. In addi-
tion, the following should be considered prior to making compari-

sons:

(1) Each of the methods utilizes different factors to
account for the effects of embedment.

(2) The qC/N correlations bub?ished by Schmertmann are a
tempting vehicle to jump between static cone penetra-
‘tion and S.P.T. blowcount. However, the author pre-
sented this relation as a tempo;ary expadient which is
conservative when converting from N fo q. and it shouid

be used judiciously. N
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Figure 15
Plan and Profile - Sample Problenm 3
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(3) The concept of a strain function is used differently

by the methods. Meyerhof's and D'Appolonia's methods
were developed for homogeneous granular soil profiles.
These methods use the strain function concept to arrive
at an average strain weighted blowcount of an “ideal"
homogeneous soil profile. The settlement§ for Meyer-
hof's and D'Appolonia‘s methods are then obtained using
this average strain weighted blowcount.

Schmertmann's method uses the function to obtain the
magnitude of settlement by an integration-of strains.

€

3.4 Sample Problem Number Four

Sample problem 4 is identical to sample problem 3 except the
strain influence function, curve "f," was used in the strain and
strain weighted blowcount calculations.

3.5 Sample Problem Number Five

This problem is an example probiem given in the reference by
Schmertmann {1970). The compressible stratum consists of sand
layers as shown in Figure 16. Settlements are calculated using
Schmertmann's method and the strain influence function, curve "f."

The soil properties are given in Table 3.6.

The settlements were calculated using a foundation pressure
of 1.82 kg/cm2 and a foundation width of 260.0 cm. The results
of this problem do not include the effects of creep which were
calculated by Schmertmann (1970).

3-13



PLAN | L = 2300 cm

260 cm

Layer Pepth
0.0
1 Incompressible
99 ‘
Shl.& 7 200.0
Z Sand
300.00
3 Sand
330.00
4 Sand
500.00
5 Sand
550.00
6 Sand
650. 00
7. Sand
720.00
8 Incompressible

T 777777 800.00

FIGURE 16
SOIL PROFILE - SAMPLE PROBLEN 5 and 6
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TABLE 3.6

P

SOIL PROPERTIES - SAMPLE PROSLEM 5

" Total Unit Static Cone Penetration
Layer Soil Type Weight (kg/cm3)  Resistance (kg/cm?)

1 Incompressible 0.0016 -a

2 sand 0.002 25.0
3 Sand 0.002 35.0
4 Sand 0.002 35.0
5 Sand 0.002 70.0
6 Sand 0.002 30.0
7 Sand 0.002 85.0
8 Incompressible 0.002 _ --

3.6 Sample Problem Number Six

Sample problem 6 analyzes the same soil profile as sample
problem 5 (Figure.16). Settlements are calculated using
D'Appolonia’s method with an input strain influence function.
The foundation pressure and foundation width from sample prdb?em

5 are used.

The slope of D'Appolonia’s compressibility relation is input
as 10.0 with an intercept of 250.0.

The strain influence function input is from the example
strain influence function in Section 2.17 (Table 2.20).

A ratio of qC/N of 4.0 was used to convert the static cone
penetration resistance in sarmple probiem 5 to standard penetra-
tion test blowcounts. The significant digits beycnd the decimal
point shown in Table 3.7 are retained for this reasan.
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TABLE 3.7
S.P.T. BLOWCOUNT DATA - SAMPLE PROBLEM 6

Layer , S.P.T. Blowcount
2 6.25
3 8.75
4" 8.75
5 17.5
6 7.50
7 21.25

s

3.7 Sample Problem Humber Seven:

Sample problem 7 analyzes the consolidation settlement of a
clay Tayer that is 18.0 ft. thick. The problem was modeled by
dividing the 18.0 ft. thick stratum inte four layers each 4.5 ft.
thick. ”

‘The effective stress history was determined with the aid of
a computer program which calculates the time dependent dissibation ‘
of excess pore pressure. From this solution the effective stress
increments in each layer were determined at discrete time values.
Table 3.8 gives the insitu effective stress and the effective

stress increments in each .Jayer.

The void ratio-effective stress curve shown in Figure 17
is an idealized curve that is used to compute settlements in the

clay layers.
Units are in feet and kips.

The input depths were converted to datum elevations. The
datum elevation for the problem is 41.16. The benchmark is
located 22.73 feet above the ground surface.



ii;;/“““\

TABLE 3.8

EFFECTIVE STRESS HISTORY -~ SAMPLE PROBLEM 7

£

Stress '
Increment (sc') Layer 1 Layer 2 Layer 3. Layer 4
Insituy 4.67 5.02 5.38 5.74
1 0.3 -0.9 2.0 . -2.7
2 0.4 0.4 1.0 1.1
3 0.4 0.5 0.5 0.2
4 0.9 0.8 0.7 0.9
5 3.3 3.2 3.5 3.6
6 0.8 0.8 0.6 0.5
7 0.6 0.6 0.6 0.6
8 -0.6 -0.1 0.2 o8
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Deformation Curve - Sample Problem 7°
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- Chapter. 4 - QUTPUT

The output from a successfully executed MAGSET problem is
printed under several headings. The information under these
headings may vary. slightly depending on the‘pfobiem options
chosen. A brief description of the information printed under

these headings is given below.

4.1 Prdb?em-Specifﬁcatians

Printed under this heading are the program header, title,

and units.

4.2 Soil Profile Description .

The soil profile description prints the layer number, layer
type, interface depths or elevations, datum e?evations, Tayer
thickness, and the total unit weighté of the soils.. Also under
this headingare the ground water information, the unit weight of
water, the depth or elevation of the ground water table, and the
datum elevation of the ground water. ‘

4.3 Insitu Effective Stress

Under this heading are the input and calculated insitu effec-
tive stresses in each layer and.the insitu effective stress used

by the program.

4.4 Clay Settlement Data

This section contains the effective stress history and defor-
mation curve data. The input effective stress increments and the
effective stress history are printed. The input data used to
specify the deformation curves is printed along with any data

4-1



calculated that defines the deformation curve. If void ratio-
effective stress curves are input the compression and expansion
indexes, Cc and Ce’ are output along with the strain compression
and strain expansion indexes, CCC and Ce;' If strain-effective
stress curves are input only the strain compression and strain
expansion slopes are output.

*

4.5 Sand Settlement Data

This section contains the data used in the sand settlement
calculations. It includes calculation methods, foundation data,
the penetration resistance for each sand layer, and the strain
influence function used. It also includes information which is
method dependent such as D'Appolonia‘’s parameters and Meyerhof's

conversion factors.

4.6 Clay Settlement Contributions

The clay settlement contributions contain the settlement in
each layer due to each effective stress increment, the total clay
settlement in each layer, the settlement in the clay-profile due
to each effective stress increment, and the total clay settlement.

4.7 Clay Compressibilities

The ccoefficient of constrained compressibility (mv) in each
layer for each effective stress increment is printed. The column
header E1 defines the void ratio or strain value at the beginning
of the ev7zctive stress increment dependinz oo the form of the
deformation curves input. The column header E2 defines the void
ratio or strain at the end of the effective stress increment.

The column header DELTA E is the value E2 - El.

4-2
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4.8 Sand Settlements

The settlements in each sand layer ara printed by method.
The total sand settlement over the sand profile is printed along
with the total clay settlement and total profile settlement.

4.9 Error Messages

Various checks are made on the input data. If any of these
checks fail an error message is printed and the program terminates
execution. The error messages have been worded to be reasonably -

.self explanatory. However, if confusion rasults, refer back to

Chapters 1 and 2 under the appropriate sections.

4-3



% MAGSET=11 %
* MAGNIIUDE OF SETTLEMENT GF &
* A MULTI-LAYERDD SOIL SYSTER =
R 2 B2 F 33 X-3- 355 3. F L BFF 22X XREARD-F-F 55 '(
R 2R3 F-B-F.3 225335 333 ¥ ¥
PECIFICATICNS FOR #
PRUBLEM NC. 1 =
R Rk etk .
~ taauk TITLE #3%%s
SAMPLE PROBLEM NUMBER 1€
ffekwk UNITS *adesns |
LENGTH FORCE
 FECT CTONS
-t 2 3 F 2 -3 2 %3 F3
0IL PROFILE =
ESCRIPTION =
iR kR
YER SOIL  INTEREACE DATUM - UNIT
IMBER  TYPC DEPTH CLEVATIUNS THICKHESS - WETGHT
26.00 -
1 CLAY ' . 6.00 ) L0500 - p
32.00 - . {
2 INCOMP 4 .00 ' « 0500 ~ -
3 CLAY ' _ 5.00 . 0500
41.00 - .
CLAY . 7.00 . 1000
48.00 -
UNIT WEIGHT GRUUND WATER GRULNLD WATER
OF WATER LEVEL DATUM ELEVATION
L0312 16.00 -
:*#**#*#***#*#*****#*#***
NSITU CFFECTIVE STRESS =
e O T T T T
LAYER IMPUT CALCULATED fasiTy
NUMBER VALUE VALUE ~ STRESS
: , FIGURE 203
1.21‘70 bt 102190
2 -0.0000 - 0.0000 QUTPUT
i 3 1.5100 - 1.51C0 SAMPLE PROBLEM 1 /
4 l.f)880 hid letkozgq \

A N Ty

LAY SETTLEMENT DATA =
CEESELC A CREEEPRICERERE L

4-4



) #5868 EFFECTIVE STRESS HISTNRY #$suxz

#*********##********#******$*
"TETTLEMENT CONIRIBUTIONS

LAY ER COND. SRTL T CSTRERL UINAERENT TTRE RS
: L 2 .7282 1
1 3 -.2000 1
! 1 4 .6898 1
- 3 1 -.6600
3 2 L6780 1
. 3 3 -.2000 1
3 4 L6194 o
4 1 -.60136 1
4 2 L4245 1
4 3 ~-.2000 1
4 4 .2858 1
DEFCRMATION CURVES INPUT BY COURDINATE POINTS
%4 COORDIMATES OF POINIS ON THE DEFORMATIUN CURY
“AYER POINT : REDDUID
'UMBER NUMBER  VOUID RATIU STRESS VOID RATIO
1 1 .8000 C L5000
1 2 .7850 1.2190 . 8000
1 3 L7750 1.5000 L7783
1 A L5500 4.0000 5967
£ 1 -6400 .2000 :
\ 2 .5880 1.5100 - 6400
3 3 .5090 4.0000 .5250
4 1 L8000 <4750
4 2 L7730 1.6880 . 8000
4 3 .7110 4.0000 L7220
: #L%s%k SLOPES ON THE DEFORMATION CURVES #%%%x
_AYER LINE cc CE cc
JUMBER NUMBER - (5TRALN)
L , 1 L0488 .0388 L0215
1 2 L1110 L0370 L0622
1 3 - .5282 . 1096 C 2970
3 1 L0592 L0592 L0361
3 2 L1867 L0378 L1175
4 1 L0490 L0490 L0272
4 2 . 1655 L0294 L0733

3% 2%

S R R I Y LT

~

"LAYER
NUMBER

$4%x% SETTLEMENT BY LAYERS #&xss

STRESS INTERVAL ENCREMENTAL

SCTTLEMENT

VRLUES

« 5200
<2548
+0548

+8500
.5280
.3280
<9474

<0344
= 5090
-3090
« 5948

TS mmmss
REBCUND
STRESS

5000
102170
1.5000

2000
L2100

<4750
1.6B¢€0

ce
(STRALM)

L0215
<0207
L0618

03061
- 0238

.0272
0016(.}

Figure 20a
oUTPUT
SAMPLE PROBLEM



1

WAl W L) o

RPN

FEE Lk
ST

Lainm rigswnd
l o 2
2 TQ 3
3 70 4
4 70 5
CLAYER HISTORY
1 o 2
Z T0 3
3 148 4
4 70 5

LAYER HMISTORY

SETTLEMENT BY STRESS
RESS INIFLRVAL

° L ):,") 4

=N655%
04357
-.00725
06715
« 06495

=.03720
$0277%
‘00110'3
s 01650
=.09477

I!\JTERVAL ded el
SETTLEMEH

OVER PRQFILE

1 To 2 -.13123
2 o 3 12952
3 T0 4 -.02858
4 TO 5 .24056
TOTAL CLAY SEVTLEMENT .21027
e Y At I
LAY COMPRESSIBILITIES ¢
###*#*#**#***3##*##****
LR STRESS v DELTA E =
1 70 2 01143 -.01413 78500
2 TC 3 .01185 .C1552 77913
3 T0 4 .00781 -.00279 © LTR360
& TO 5 «03737 04604 « 18639
1 T0 2 .01410 -.01478 . 53800
2 TG 3 01449 01574 60278
3 TG 4 L00726 ~.00230 < 53704
4. YO 5 .02232 02197 .57934
1 TG 2 .00880 -.00942 . 77300
2 TO0 3 .00930 .00704 . 78242
3 T0O 4 L0085 3 -.00303 .77539
& JUO s .00827 .00421 77841
THERE ARE NO SAHD LAYERS 1IN THE SOIL PROFILE

4-6

e (

e 7991
e T83¢
- 7863

«6027.
«<3A70
« 5893
« 5673

e TR 4
e 7753
o 1T
e 71467

Figure 20&1
ouTPUT
o
SAMPLE PROBLE!



x PAGSET-11] %
* MAGCNITUDE OF SETTLEMEIT OF =%
¥ A MULTI-LAYCRED SOIL SYSTEM
. £ P -
<:j S L L T T T T A A,
IR R R R -2 F 8 PR e
SPECIFICATICNS FOQR =
T PRCBLF¥ NQ. 2 %
[ 22322 L Tt 2 F-F T T T N .
- Btk TITLE fdkskx
SAMPLE PRNBLEM NUMBER TWU
whxar UNITS %kssns
LENGTHE _ FORCT
‘ FEET KIPS
ARE B SR kA
SOIL PRCFILE =
DESCRIPIION =
S T LT
DATUM FELEVATION = 10C0.00
DIFFERENCE IN ELEVATION = 0.00
AYER SOIL INTERFACE DATUM UNTT
égﬁa TYPE ELEVATION  wLEVATIONS - THICKNESS - WETGHT
S 125.00 1000.00 -
1 SAND 10.00 . 1200
115.00 990.00 _
2 CLAY 15.00 . 1200
: 100.00 975.00
93.50 968.50
4 SAND ' 25.00 <1324
: ' 68.50 943.50
5 CLAY , : 20.50 1324
48.00 923.00
UNIT WEIGHT GRUOUND WATER SROUMT WA TER
OF WATER LEVEL DATUM ELEVATION
«062% 100.CC $75.00
*#**#t#*:*:****#*##*#¢¢
NSITU EFFECTIVE STRESS =
IR F R LT R T R P RN
N FIGURE 20b
LAYER INPUT CALCULATED INSITU
NUMB ER VALUE VALUE STRESS QuTPUT
~ : : SAMPLE PROBLEM 2
L - . 6000 . 6000
2 - 2.10C0 2.1000
3 - 3.2112 3.2112
4 - L.797% ., - PR



s Dt iiblbe i DA s
RE PR S RE RS E RS B

EFFECTIVE SIRESS INCREMENTS TNPUT BY A GISTRIBUTIAY FUNCTION

wkesk STRESS INCHEMENTS FOR STRATUM #&#% - .
POINT MUMBER STRESS INCREMENT : ’(
i «70C0
2 « 1900
. 3 <7500

#us5% STRESS DISTRIMUTION FUNCTION s¥###

LAYER
NUMBER VALUE
2 <6400 )
.3 » 3300
5 . 0600
%4854 EFFECTIVE STRESS HISTORY #keks T
LAYER NO. PT. NO. STRESS IWCREMENT STRESS VALUCS
2 1 <4480 2.5430
2 2 4800 3.0280
2 3 L4800 | 3.5080
3 1 22310 3.64422
3 2 L2475 , 3.6097
3 3 L2475 © o 3.9372
5 1 L0420 5.9320
5 2 L0450 5.9770
5 3

« 0450 6.0220

DEFORMATIUN CURVES INPUT DBY REFERENCE PULNTS AYD SLOPES

%% %% REFERENCE POINTS ##s¥x

LAYER PUINT , EFFECTIVE
NUMEER NUMBER STRAIN STRESS
2 2 0026 5.4000
3 | 2 0.0000 3.2113
5 2 L0015 7.2000

wEmsx EFFCCTIVE STRESS VALULS AT POINTS ON THC DETRMATION CURVES tfzes,

LAYER POINT EFFCCTIVE )
NUMBER NUMBER ‘STRESS
2 1 .1000
2 2 5.4000 Figure 20b
2 E 10.0000 !
| 3 ' ouTPUT |
3 1 1000 SAMPLE PROBLEHM
3 2™ 3.2113
3 3 10.0000
4-8 - 1000

LIRS, ]
[

-



" ssxex SLOPES O (THE DErORMA 0N CURVES ®s&se

2 1 L0063 L0063
‘<:f 2 L0625 L0063
L 1 .0131 .C131
T3 2 <1333 L0133

2 1 <0171 G171
= 2 1765 .C176

k4

SRR AR S S e k2
SAND SETTLEMENT DATA
EEEE SRR R e R E s kRt fk

k}
* 3% 3%

4

o BEBEE FQUNDAT IUN DATA Ssdss

FOUTING FOQTING FOOTING
WIDTH PRESSURE © ELEVATIUN
20.C000 4.50C0 115.0000

1
#
2%
2

=x&xx SAND SETTLEMINT METHODS

MEYERHOF

sagsk PENETRATION RESISTANCE #%sxs.

7N

LAY ER SPT STATIC COUNE
NUMBER BLOWCGOUNT PENETRATION RESISTANCT
1 . 20.00 -
4 45.00 L -

#EF&% MEYERHOF UNITS CONVERSION FACTORS ##%ux

ONE LENGTH UNIT EOUALS 1.0000 FERT
UNME FORCE UNIT ECUALS- <5000 TO'IS
%%%%% STRAIN INFLUENCE FUNCT 0N s%sss
THE STRAIN INFLUENCE FUNCTION USED IS CURVE 6

e b T R R

JAY SETTLENMENT CONTRIBUTIONS =
R S S R L T T T e

¥rexs SETTLEMENT BY LAYERS #ksti- ,
LAYER STRESS INTERVAL [NCREMENTAL
NUMBER : SeTTLEMENT
NG
2 1 TO 2 .00787
2 2 TO 3 00702
¥4 3 T0 4 .00599
2 LAYCR HISTORY «02088

Figure 20b
QUTPUT
SAMPLE PROBLE
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% MAGSET=-11

% RAGNITULE OF SETTLEMENT UF %
% A MULTI-LAYERCD SOIL SYSTFM =
% ®
( B kch Do ik e Pkl Rl s e
t‘;#***##*****##:****#*
: SPECIFICATIONS FOR *
~. PRUBLEM HC. 3 L
T s T I
‘ 2hek% TITLE Askss
SAMPLE PROBLEM NUMBER THREE
e drap e UN[TS R sk
LENGTH FORCE
. FEET . KIDpS
18- 2-5-F 3.3 4 -0 SN 2
%# SUIL PROFILE = -
DESCRIPTION =
R 22 333 S 32 8- 5]

LAYER SOIL INTERFACE GATUM UNIT
NUMBER  TYPE ELEVATION  cLEVATLIONS THICKIESS WETGHT
1Q0.00 - :

SAND , 3.00 .1150
97.00 - T
SAND . S 3.00 L1150
94.00 ~ _
3 SAND 44 .00 <1154
UNIT WEIGHT GROUND WATER GROUND WA TER
OF WATER LEVEL DATUM ELEVATION
L0624 94.00 -
##*fﬁ**%‘?‘-**ﬁ*##**#-“s****#****
* INSITU EFFECTIVE STRESS =
e R 2L I T T F T TR R R gty
LAYER INPUT CALCULATED 1SITU -
- NUMBER VALUE VALUE STRASS FIGURE 20c
1 - .1725 L1725 OUTPUT
2 - 5175 5173 SAMPLE PROBLEH 3
3 - 1.8560 1-8560

0 aksfrRhtehabkiEs san
J SETTLEVMENT DATA =
ERRE AR AR LRk R AR SR L L

#&5%% TOUNUDATION UATA s#sss
FOUT ING FOOTING  , ,, FODTING



¥EEFE SAND SETTLEMENT METHOICS seexs

”tYERHOF
DAPPGLONIA
SCHMERTHMANN

. | weke® PENCTRATIUN RESISTANCE tews

LAYER $PT STATIC CONE-
, NUMUER BLOWCOUNT PENETHATIAN RESISTAUCE
1 . 10.00  80.0000
2 12-00 " 95.00C0
3 15.00 120.0000

ki3
%
4
3
s

{EYCRHOF UMNITS COMVERSION FACTURS #uimsx

CONE LENGTH UNIT EQUALS 1.000u FEST
ONE FURCE UNIT EQUALS .5000 TOUS

##%%% DAPPUOLUNIA®S PARAMETEZRS #exex

EMBEDMENT CORRLCTION UO = -9700

LAYER THICKNESS CORRECTIUN U1 = 1.6500

MODULUS INTERCEPT = 533.0000 :

MODULUS SLOPE = 22.2000 -
*xxsk STRAIN INFLUENCE FUNCTION s#d%s (/

"THE STRAIN INFLUENCE FUNCTION USEU IS CURVE

(o]

THERL ARE NO CLAY LAYERS [N THE SOIL PROFIL

m

itk ke

SAND S&TTLENENTS
S S Rt T T T

i
%

3%

FEEsx& SETTLEMENT IN SANDC LAYERS #dsxsx

THE STRAIN WEIGHTED AVERAGE DLOWOSOUNT

¥

14.2866

550. 1624

1]

UAPPULONIA CUMPRESSIBILITY MUODULUS

LAYER MEYERHOF CAPPOLONIA | SCHMERTMANN
1 0.0000 0.0000 ] 0.0C00 Figure
2 L0127 L0134 L0250 0uTPU
3 - 04 <0430 064 .
0408 043 04l spupLE PR
TOTAL SAND |
SETTLEMENT 0535 -0545 0890

4-12



* -

UNIT WEIGHT
OF WATER

0624
FRLE R TR RNk i d bl ek S By

INSITU EFFECTIVE STRESS = -
ke kSRR A TR AR AR ke e w Sk kg

LAYER INPUT
NUMBER VALUE
1 . 1000
2 . 0500
3 -0250
= P I 2 TR Y

sawnl) SETTLEFMENT DATA #
EE R AR Rk S A R g

Sk
[N NN 2 B Y ¥ad

€
% e HAGSE =0T Ao
% ) %
* MAGNITULE O SETTLEMENT (QF %
- # A MULTI=-LAYERED SOIL »>YSTer %
& : %
i:f R EEIARERREREL SR ERE L LS LT TR EED
<
T IR I L L N T T T
5. SPECIFICATICNS FUOR =
& PRUBLIM NC. 4 *
ST 2P F TR TR .
wxkER TITLE #*¥#Fax
SAMPLE PRUBLEM NUMBER FOUR
EF UNITS EALE
. LENGTH FURCE
FEET KIPS
P Y Y I T
* SOIL PROFILE =
DESCRIPTION =% o
RERERRER R AR RS
_AYER SOIL INTERFALE CATUM
IUMBER TYPE ELEVATION CLEVATIONS TRICKNESS
100.00 -
4 SANU 3.00
1 37.0C -
N SAND 3.00
94.00 -
3 SAND 44 .00
50.00 -

GROUND WATER
LEVEL

queoo -

CALCULATED
VALUC STRESS
1725 2725
<5175 «56175
1.85060 1-E8#10

FOUNNATION DATA x&xx%%
[0 Rl

INSITU

RS RN

UNITT

WEITGHT
1150
- 1150

—l154

GROUUND WATER
DATUM ELEVATION

FIGURE 20d
~ouTPUT
SAMPLE PROBLE!M 4



CwEkne SAND SETTLEMENT

MEYERHQF
NAPPOLON LA
SCHMERTEFANN

LR

LAYER SPT
. HUMBER BLOWCUUNT PENETRATIUN RESISTANCE
1 10.00 80.1000
2 : 12.00 9%.00C0
"3 15.00 120.0000
*¥xkk MEYCRHOF UNITS CONVERSION FACTORSG #uwxs
ONE LENSTH UNIT EQUALS 1.0000 FERT
ONE FORCE UNIT EQUALS .5000 TOAS -
2u%%% CAPPOLONIA%S PARAMETERS #h#sx —T
EMUEEDMENT CORRECTION UO = .9700 _
LAYER THICKNESS CORRECTION UL = 16500 —_—
MODULUS INTERCEPT ' = 533.0000
MCUULUS SLCPE = 22.2000
€255 STRAIN INFLUENCE FUNCTIGN s8¢ <i
THE STRAIN INFLUENCE FUNCTIUN USEL IS CURVE F
THERz ARE O CLAY LAYERS IN THE SOIL PROFILC
e L PR A
ND SETTLENENTS *
R T - 2R PO gty
¥aadk SETTLOMENT I8 SAND LAYERS #&zux
THE STRAIN WEIGHTED AVERAGE BLOWLQUMT =  14.7300
DAPPOLONLA CUMPRESSIBILITY MODULUS =  $5C. 0060
LAYER MEYERHOF DAPPOLONIA SCHMERT MANN
1 0.C000 C.0000 . a.qcoce Figure 2C
2 0047 -.0050 .0070
3 <0472 .0508 0565 QUTPUT
SAMPLE PROB._
TOTAL SAND ‘
SETTLEMENT 0519 .0558 . 0635

4-14
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STATIC CONT



MAGSET-11

L

MAGNITULE OF SETTLEMENT QF
A MULTI-LAYERELD SOIL SYSTeVM

oL B - R 3

¥4 9 %
3t

e R R R ER R L EEE R R -

C

Bk sk *
CIFICATICHNS FGR =%
RUBLEIM NC. 5 %

e e e
SEh G hRRE kR

®
-

=
p
&

kg h

%

wumsn TITLE #hsss
SAMPLE PRUBLEM NUFMBER FIVED

BERRE UNITS Fhss
LENGIH FORC:
CENTIMETERS KILOGRAMS
P s 1t T
OTL PROFILE #
SCRIPTION %
S P Y I
R SOIL INTERFACE DATUM UNIT
2R TYPE UEPTH ELEVATLONS THICKNESS WEIGHT
_ 0.00 -
INCOMP -200.00 L0014
200.00 -
SAND 10C.00 . 0020
300.00 -
3 SAND : 30.00 . 0020
330.00 -
SAND ) 170.00 . 0020
500.00 - ‘
. SAND 50.00 - 0020
550.00 -
5 SAND 100.00 .0020
650.00 -
7 SAND 70.00 . 0020
: 720.00 - :
3 LNCOMP 80.00 .C020
800.00 -
UNIT WEIGHT GROUMND WATER SROUND WATFR
UF WATER LEVEL CATUM ELEVATION
0010 1000.CC -~
FIGURE 20e
S R L Rt R S R R 2y OUTPUT
1SY7 EFFECTIVE STRESS =% SAMPLE PROBLEM 5
= R Y Y1}
S
LAYER INPUT CALCULATED INSITU
NUMBER VALUE VALUE STRESS
i - L1600 4-18 S Yrnn



T 6 - 1.12C0 . 1.120n

7 : - 1.2900 le2900

g 4400 T 1 oea0n

Y 25 E L L F W R R guRRUpnp gy
AND SETTLEMENT DATA =

Oy e e T T

€

#%ex% FOUNDATION DATA ssses - -
. . FCCTING FOOT ING FGOTING
WILTH PRESSURE DEPTH
260.0000 1.8200 200.0000
*%%EE SAND SETTLEMENT METHODS s&ssx
. SCHEERTMANN
%%kt% PENCTRATION RESISTAICE wsssx
LAYER SpT _ STATIC CONE
NUMBER C BLOWCGUNT PENETRATION RESISTAYCE
2 - 25.0000
3 - 35,0000
4 - 35.0000
5 - 70.0000
6 - 30.0000
7 - ~ 85.0000

#3x5%% STRAIN INFLUENCE FUNCTION ##%vs

THE STRAIN INFLUENCE FUNCTION USED IS CURVE F

THERE ARE NU CLAY LAYERS IN THE SOIL PROFILE

e Y I I
ND SETTLEMENTS =
PRt e Aok kA Aok e

#F25% SETTLEMENT IN SAMD LAYERS ##t#x

LAYER SCHMER TMANN
NUMBER :
2 5185
3 3048
4 1.5270
5 <1436
6 4123
7 -0297

TOTAL SanD .
SETTLEMENT 4-16 3.0359

Figure 20e

QUTPUT

SAMPLE PROBLEM



Pod » e . e -t -
A FRERLILRARFTRIRRESFH
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E
LS
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THAGSTT-1T

i 4 1

MAGNITUDE OF SETTLEMENT OF
A MULTI-LAYLRED SOIL SYSTeM

IR B Y

#* 3¢ 3

é:j R T P P e P S R T
Rkt Ek ke Ak
PECIFICATIONS FOR

PRUBLEM NC. 6 3

sdhktkhhER ke Rahhthiy .

FxRwae TITLE *&%a®
SAMPLE PROBLEM NUMBER SIX

RN ER R R R E K
UIL PROFILE = .
ISCRIPTION  * 3 B
3 22 -5 232X R 4 R
rER SOIL INTERFACE patuM T UNIT
ABER TYPE DEPTH ELEVATIONS THICKNESS WE I GHF
0.00 - S —
INCONMP 200.00 . 0016
200.00 -
2 SAND 10C.00 . 0020
300.00 - : :
T SAND _30.00 ‘ -002¢
1 . 330,00 - )
S SAND 170.00 - .0020
500.00 -
5 SAND o 50.00 .C02¢C
: 550.00 -
SAND . 100.00 . 0020
650.00 -
7 SAND 70.00 . 0020
720.00 -
v INCONMVP ' 80.00 - . 0020
‘ 800.00 -
UNIT WEIGHT GROUND WATER . GRUUND WATER
OF WAT=R LEVEL DATUM ELEVATION
L0010 1000.00 -
cRrdp ek dx fede vk e dr ot WAook P ok ok sk ok g ol b FIGURE 20f

iSITY EFFECTIVE STRESS %
Pk kR R Rk Rk Ak kA

OQUTPUT
SAMPLE PROBLEM 6

LAYER INPUT CALCULATED INSITU
NUMBER VALUE VALUE STRESS

N
1 - .16C0 .1600
2 - .4200 <4200
3 - - .5500 L5500
4 - 7300 447 = 7500



R I T I I,

PEAEE B EkE
AND SETTLENMENT DATA =
FEERS L LSRR EER AT LSRG RY
#hxk%x FOUNDATIUN DATA Ssd=x
FOUT ING FOUT ING FOOTIHG
WICTH PRESSURE : DEPTH
] 260.0000 1.82C0 2C0.0000

EEx® SAND SETTLEMENT METHOUS A

DAPPQOLCNIA

#2%%% PLNETRATION RESISTANCE ##sxx

LAY ER SPT STATIC
NUMBER ‘ BLOWCGUNT PEUETRATION
2 6.75 -
3 8.75 -
4 8.75 ~
5 17.50 -
6 7.50 -
7 21.25 -

#x%% DAPPULUNTA®S PARAMETERS ##ss

EMBEDMENT CORRECTION UO = <7500
LAYER THICKNESS CORRECTION Ul = 2.2000
MODULUS INTERCEPT - = 250.0000
MOLULUS SLCPE = 10.0000

STRAIN INFLUENCE FUNCTINN ®®x%x

% aakdk
POINT /8 12
COORDINATE COCRDINATE
1 0.c0C - 200
2 <375 -7CN
3 2.000 C.0C0o

CONE

RESISTaAaNCE

THERE ARE NO CLAY LAYERS [N THU SOIL PROFILE

EEFERFERL KL E Ak %
NDO SETTLEVMENTS %
e e I T T

FEEE SETTLOMONT IN SANU LAYERS #5433

1]

THE STRAIN WEIGHTED AVERAGE BLOWCOUNT

it

UAPPCLONTA COMPRESSIBILITY MCOULUS

4-18 .

3.0274

340.273%6

Figure
OUTP{\
SAMPLE PRO:



Lc4Uq

4 L=02130
5 .1333
6 - 2379
7 <0486
TOTAL SAND
( SETTLEMENT 2.2946

N

Figure 20f
QUTPUT
SAMPLE PROBLEN

4-19
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EFFECTIVE STRESS INCRUMEHTS INPUT BY LAYzR

wxekt CFFECTIVE STRESS HISTORY #&us% , }
LAYCR NG. PT. NO. STRESS INCREMENT STRESS VALUES
~<:f 1 1 -.3000 4.3700
‘ 1 2 <4000 4.7100
. 1 3 4000 - . 5.1700
1 4 . .9000 - 6.0700
. 1 5 3.3000 9.3700
1 & .8000 10.1700
1 7 L6000 o 10.7700
1 g -.6000 10.1700
2 L -.3000 4.1200
2 2 L4000 4.5200
2 3 5000 5.0200
2 4 -8000 5.8200
2 5 3.2000 3.0200
2 6 .8000 9.8200
2 7 .6000 10.4200
2 8 -.1000 10.3200
3 1 .=2.0000 : 3.3800 .
3 2 1.0000 4.3800
3 3 . 5000 4.8800
3 &4 .7000 5.5300 :
3 5 3.5000 9.0800
3 6 L6000 9.6800
g“ 3 7 . 6000 ~10.2800
%k. 3 8 .2000 . 10.480C0
4 1 ~-2.7000 3.0400
4 2 1.1000 4.1400
&4 3 .2000 4.3400
4 4 <3000 5.2400
4 5 3.6000 . 8.8400
4 6 .5000 _ 9.3400
4 7 6000 9.9400
4 8 .8000 10.7400

DEFORMATION CURVES TINPUT BY REFERENCE POIMTS AMD SLOPES

E%%Es REFCRENCE PUINIS #wess

LAYER PUIKNT EFFCCTIVE

NUMBEK NUMR ER VOID RATIO CSTRESS
1 1 L8100 2.0000 Figure 2C
2 2 L8100 5:0000 QUTPUT
3 2 L8100 5.0000 .
4 4 .5810 50.0000 SAMPLE PROBL

ceREx EFFECTIVE STRESS VALUES AT POINTS 0N THE DEFRMATION CURVES x4,

| LAYER POINT  EFFECTIVE
N : NUMBER NUMBER STRESS
1 1 2.C000
1 2 5.0000
1 34 A 0.7700
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R R Rk
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~ou e

8

LS SR CVRLUN RN V% BN

1
2
3
4
5
&
7

¥

Exkud SeTLEMeN

L

Tg
T4
T0

TO
TQ
TQ
TC
10
TO
TO
10

i

[YoRR o I B o SN

LAYER HISTCRY

W O u D W N

8
LAYER HISTORY

BY STRESS INT

STRESS INTzRVAL SCT

T0
[

TO ™
T0
ro
T0

10

10

O~ C W D W N e

R RSN NI 6 IRY B NI Y

OVER

TOTAL CLAY SEITLEMENT

FRd kgl kkkdkh

LAY COMPRESSIBILITIES =%
Rk ko kR R ok ok sk %

TER
1
L ° 2
i 3
&
5
6
7
8
1
: 2
' 3
%
5
6
7
N 8
1
2

STRESS

TC
TO
T0O
TC
TC
TO
TC
TC

TC

TC -~

T0
TG
TC
TC
T0
TCO

T0
T0

DO~V W

DX O D W N

e P

Y

0.00000
0.00000
-00080
200171
00247
-00720
-006175
- 00094

- 00004
0.000C0
.00008
00177
-00184
- 00745
00697
-0009¢

.00035
0.00000

DELTA ¢

0.00000
.0.00000
<00058
«00279
01473
-01032
00722
-.00100

-.00007
C.00000
00007
00257
.C1066
01070
«00747
-.00017

~.00127
g.00000

~J0% 74
03043
.02005
.017384
«006L04
07694

-.00597
C.00000
0.00000
.00203
202477
01725
01952
02427
.08187

ERVAL Hddiksx
TLCMENT
DROFILE

-.00931
0.C000C
00162
.02C09
-11832
08956
Q07473
02742

.32258

!

- 831000
- 81000
-« 81000
« 80942
e 30663
- 73190
- 72159
< 17437

< 80393
- 81000
81000
- 80993
- 80736
« 73570
- 78600
« 77853

Iy

- 80873

[ 3N S o W ¥

- Figure 20g
OuUTPUT
SAMPLE PROBLEM 7

E2

» 31000
<8100C
-+ 80942
« 306632
- 7919¢C
« 78159
< 17417
e 7T753¢C

-810CC
«31Nn0C
«807333
« 807 3¢
< 79570
« 1860¢C
-« 77853
« 17861

« 81000



—

P ST LR L

-
B

£

W~ O WD N e

s T o = 1 F2UD « {B78:

ic8 00706 .C00757 - 78780 . 7802
TG 9 00082 . 00243. . e 78023 TTYTR
Ta 2 .00049 ~-.00240 80759 : .809°
TC 3 0.00000 0.00000 - 80999 '30g\'
6 4 0-.00000 0.00000 .80999 . 809,
IC 5 00050 00081 - . 80999 .BCY1.
TC 6 .00153 .0099% .80918 . 7992
T 7 00770 00693 79923 . 7923
TC 8 *.00729 .00784 . 79230 . 7844
TC 9 00683 . .0097sS T8446 <7747

THERe ARE HO SANO LAYERS N THE SOIL PROFILE

Figure 20g
QuTPUT
SAMPLE PROBLEM 7
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Chapter 5 - PROGRAM STATISTICS

MAGSET-1I, Version 1, was developed to run on any computer
which has an ANSI FORTRAN 1V compiler. The program consists of a
main routine and twenty-seven subroutines. The subroutine calling
sequence is shown>in Figure 21. The functions of the main routine
and the subroutines are detailed in the reference documentation
(Partyka, 1976). |

The field Tength requirements for loading and executing the
compiled program are shown in Table 5.1.

TABLE 5.1

FIELD LENGTH REQUIREMENTS TO LOAD AND EXECUTE

Compiler Field Length

RUN ' 35,1005 words

FTN ' 45,6005 words

MNF 33,700 words

FORTRAN IV G (IBM) 132,000 bytes

The sample problems were run at the University of Colorado
Computing Center, using the KRONOS 2.1 operating system on a CDC

16400 computer. The load and execution time data for the compiled

programs are given in Table 5.2.

5-1



TABLE 5.2

LOAD AND EXECUTION TIME IN SECONDS
SAMPLE PROBLEMS

Compiler -Time
RUN 4.03
FTIN . ) .- 3.72
MNF 3.61

5-2



A

LT

MAGS
(MAI

—

P

\

m -

R

——— AREAS
 DAPPL
L INPUTL
L INPUT2

INPUT3

——— INPUT4
—— INPUTS
of—— INSITU

— LAYID

——— LODVDS
——— MEYER
. |— NBAR
——— PRINT
——— PROFIL
—————VSCHHER
—— SETESH
——— SETTLC
—— SPECS
——— SPECS1

SPECS2

S STRNS

ERROR

ERROR

ERROR  —— ERROR
PRMVDS .

ERROR L —— SLOPES
LOAD

ELCAD —— LOAD

UNLOAD P

ERROR

FIGURE 21

SUBROUTINE CALLING SEQUENCE
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