APPENDIX D

ENGINEERING CALCULATIONS ANALYZING
THE POTENTIAL FOR IMPACTS ON LANDFILL
SECTION 6/7 SOIL-BENTONITE CUTOFF WALL
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FINITE ELEMENT ANALYSIS FOR SLURRY WALL

1 PURPOSKE

The alternate design of Section 6/7 Final Cover System is being prepared in a manner that will
allow it to support potential future roadways. The proposed service roads alignments will cross
over or pass adjacent to the perimeter slurry cut-off walls. The purpose of this calculation is to
evaluate if excessive deformation will be induced on the slurry wall by the load associated with
road construction and operation, i.e., pavement structure own weight and traffic loads.

2 CROSS SECTION ANALYZED

At the time of this calculation, design of the road is ongoing. Therefore, for this analysis, it 18
assumed that a typical section of the roads at the vicinity of the slurry wall comprise of the
following layers, from top to bottom:

- 6 inch of asphalt pavement;

- 3 ft of granular subbase;

- Final cover geomembrane (not modeled);
—  Refuse; and

- Quaternary recent clay (Qrc).

A concrete slab will be used to bridee the road over the slurry wall. The thickness and length of
the concrete slab are to be determined in this calculation. Figure 1 shows an idealized cross
section for this analysis.

3 DESIGN LOADING

The design traffic loading for the road is assumed to be exerted by AASHTO HS 20 truck, as
shown in Appendix A.

The static loads applied on three axles are 8,000 Ibs, 32,000 Ibs, and 32, 000 1bs. This static load is
increased by 20% to account for the dynamic effect. Tire contact area is assumed to be 10 in. (in the
direction of traffic) by 20 in. (in the direction normal to traffic). The distance between the two tires
on the same axle is considered to be 6 ft. To convert the 3-dimensional loading to the plain strain 2-
dimensional condition, the uniformly distributed loading corresponding to each axle load is
calculated as follows:
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1.2 % 32,000 /bs
6 ft x (10 /12) /7
1.2 % 8,000/bs
6 fix (10/12) fi

=7.6801bs / fi* (for 32,000 lbs static axle load)

= 1,9200bs / f2* (for 8,000 lbs static axle load)

Three different loading positions (denoted as Position A, B and C) were considered to study the
effect on the shurry wall as the truck cross the slurry wall. The three loading positions are
illustrated in Figure 2.

4 ANALYSIS METHODOLOGY

The analysis was conducted using PLAXISY version 8.2, a 2-D finite element program [PLAXIS
BV, 2006]. Plane strain condition was assumed in the analysis. PLAXIS discretizes the soil mass
using 15-node triangular elements. Figures 3 shows the finite element model for the cross section
analyzed. Different constitutive models were used to characterize the foundation soils, slurry walls,
and refuse. A description of each of the models used is presented in the section below.

In order to model the sequence of construction, the analysis was performed in 5 phases, which are as
follows:

o Phase 0: Initial Conditions. This phase calculates the initial stress state prior to shurry
wall installation and pavement consiruction using the k, procedure, in which the
horizontal stress is calculated as vertical stress multiplied by the static earth pressure
coefficient (k).

o Phase 1: Slurry Wall Installation. In this phase, the soil clusters at the location of the
slurry walls were converted into sturry wall clusters to simulate the construction of slurry
wall.

e Phase 2 and 3: Pre-loading. Waste under potential crossing locations is considered to be
degraded and has been subjected to loads from the work platform construction and
building equipment traffic during slurry wall construction. In the Yukon Avenue
Corridor, the proposed crossing location would coincide with existing service road
crossing. To take in account loading and waste degradation effects, a surcharge of 2,400
psf is applied at surface ground in Phase 2. The applied surcharge is removed in Phase 3.

o Phase 4 through 6: Traffic Loading at Positions A, B and C. In these phase, the plate
elements representing the pavement and the concrete slab are turned on. All deformations

bt
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prior to traffic loading are reset to zero in these three phases. The three cases, where
traffic loads are applied at Positions A, B and C, were calculated independently.

5 MATERIAL PARAMETERS

The foundation clay (Qrc) and waste have been characterized in the report entitled “Deformation
and Stability Analysis for Slurry Trench Cutoff Wall, Section 1/9 and Section 6/7 [Woodward-
Clyde, 1993]. The material parameters used in this analyses for these two materials were selected to
be the same as values previously used. The input parameters for the granular subgrade, pavement
and concrete slab were selected from typical values for these materials. A discussions on these
material properties are presented below.

Foundation Clay (Orc)

The stress-strain behavior of the foundation clay (Qre) is assumed to be represented by the PLAXIS
Hardening Soil Model. The PLAXIS Hardening-Soil model is an advanced model that simulates
the behavior of soils by accounting for stress dependent stiffness moduli. It uses a hyperbolic
relationship between the axial strain (&) and the deviatory stress (g) during primary triaxial
loading described by the following equation:

i
g = - ey
2-E, ;4
q,
where: ¢ = Deviatory stress;
g. = Asymptotic (or ultimate) deviatory stress;
£ =  Axial strain; and
Esy = Stiffness modulus at 50 percent of g5 (g at failure).

The variation of g, with confining pressure is accounted for by relating g, to the compressive
strength or deviatory stress at failure (g). The relationship between g, and gy is defined by the
following equation:

9s

Ry = @

where Ryis the failure ratio and is always less than one. Using PLAXIS Hardening-Soil Model,
Esg is the stress dependent stiffness modulus for primary loading. The stress dependency of Eso
on the confining pressure is defined by the following equation:

L
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E, = Esr:))r P (3)
ccosg'+o, -sing'
P = ' qbu r-:'.’ : ¢’ ] (4)
chcosg'+ p™ -sing

rgf L . . . )
and Fi is a reference stiffness modulus corresponding to reference confining pressure P

. z.‘f . . I. . -
(atmospheric pressure of 2,116 psf was used as P™ in the calculation). @is the effective minor
principal stress; and m is the modulus exponent that governs the stress dependency.

The inelastic behavior during unloading and reloading is represented by the stress dependent
stiffness modulus for unloading and reloading (E,;). The variation of £y with confining pressure
is defined by the following equation:

E, =E}-P" (5

ref . . . .
where EnY is a reference stiffness modulus for unloading and reloading corresponding to
reference confining pressure p™ and P and m are as discussed above.

Similarly, the stress dependency of the tangent stiffness modulus for oedometer loading (£oeq)
and unloading/reloading (Epeq.r) are defined by the following equations:

_ el n
Encd' = g P (6)
—_ el pmw
E{mi,ur = Hoed ur P (7)
where E™, and E',, are the reference stiffness modulus for oedometer loading and

unloading/reloading corresponding to reference loading P . E and E™ can be obtained

ovd ovd uer
from the consolidation parameters (i.e., compression index (C.) and recompression index (C))). By
default, PLAXIS assumes that £ =1.25 /7).

For the foundation clay (Qrc) at the site, the power, #7, is assumed to be 0.85, and the effective
shear strength envelope of this material is assumed to be defined by a friction angle of 36

degrees and zero cohesion, as previously used by Woodward-Clyde[1993]. EZ  E} and

oed

E; \were calculated from parameters previously used by Woodward-Clyde[1993]. The
calculations of these parameters are included as Appendix A.

Refuse
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The stress-strain response for the refuse is assumed to be represented by the PLAXIS Hardening
Soil Model, the same model used for Qre. The moist and dry unit weight of the refuse is assumed to
be 73 pcf.

The effective friction angle (¢) is assumed to be 28° , and cohesion (c’) is assumed to be 300 psf,
based on the values used by Woodward-Clyde [1993]. The calculation of EJ £, and E,” are
also included in Appendix B.

Slurry Wall

The slurry wall material is assumed to be a soil-bentonite backfill. The stress-strain response for the
slurry wall is also assumed to be represented by the PLAXIS Hardening Soil Model.

The unit weight of the shurry wall is assumed to be 105 pef and the cohesion is assumed to be 20 psf
based on the value used by Woodward-Clyde [1993] based on laboratory test results. Although the
material is assumed frictionless, a nominal friction angle of 0.5 degree is assumed to avoid

numerical instability during modeling. The deformation characteristics EY EY and E]7 are

oed ur

derived from previous parameters developed by Woodward-Clyde, as shown in Appendix B.
Granular Subbase

The subbase of the road is assumed to be a granular material. The stress-strain response for the
granular subbase is also assumed to be represented by the PLAXIS Hardening Soil Model. The

effective friction angle (¢) is assumed to be 34° . Although the granular subbase is considered to be
cohesionless, a nominal cohesion (¢”) of 2 psf is assumed in the analysis to avoid numerical
instability.

The deformation characteristics Ef is derived from typical values for medium dense material
recommended by Kulhawy and Mayne [1990; page 5-15]. E/¥ is assumed to be 0.8 £, and

oud
E™ is assumed to be 3 £5 by default of PLAXIS.

Ln
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Asphalt Pavemeni

The pavement is modeled as a flexible plate (beam) element in PLAXIS. The thickness of the
asphalt pavement is assumed to be 6 in. The cross sectional area (4) and moment of inertia () fora
unit width of the pavement (i.e., 1 ft) is calculated to be 0.5 f/ft, and 0.010417 f*ft. The elastic
modulus of the asphalt pavement is assumed to be to be 5 x 10° psi. Accordingly, the axial stiffness
(EA) and bending stiffness (E]) are calculated to be 3.6 x 10° Ibs/ft and 7.5 x 10" Ibs - /4,
respectively.

Concrete Slab

The concrete slab is also modeled as a flexible plate (beam) element in PLAXIS. The thickness of
the concrete slab is assumed to be 14 in. The cross sectional area (4) and moment of inertia (/) for a
unit width of the concrete slab (i.e., 1 ) is calculated to be 1.167 fi%/ft, and 0.132 fi'/ft. The elastic
modulus of the concrete slab (£,) is assumed to be to be 4 x 10° psi, which is estimated from an
assumed compressive strength of 5,000 psi using the following equation:

E, =33w" 7 (from ACI318-99 code)

where: w = unit weight of concrete (assumed to be 145 pef); and f; = compressive strength

Accordingly, the axial stiffness (£4) and bending stiffness (£1) are calculated to be 6.72 x 10® Ibs/ft
and 7.63 x 107 Ibs - fi*/ft, respectively.

6 RESULTS ANALYSIS

Two different lengths of concrete slab and three different loading positions were considered in the
analyses. For each cases analyzed, the vertical deflection of the pavement, horizontal displacement
of the slurry wall as well as the bending moment of the concrete slab are calculated. The calculation
reports generated by PLAXIS are shown in Appendix C. The report contains a summary of FEM
models, input parameters, and calculation results. Note that the shury wall corresponds to cross
section A-A in the report. The results of calculation are summarized below:
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Case No. | Length of | Loading Max. Vertical Max. Wall Max Bending Max Shear
Concrete | Position Pavement Horizontal Moment of Siab Force of Siab
Siab (ft) Deflection (ff) Deflection (ft) (Ibs-fi/ft) (1bs/ft)
1 10 A 0.131 0.011 12,340 3,140
2 10 B 0.146 0.026 1,890 2,340
3 10 C 0.137 0.024 833 739
4 20 A 0.139 0.013 17,020 3,110
3 20 B 0.134 0.015 14,720 3,880
6 20 C 0.136 0.023 4210 2,210

As shown in the above table, the maximum horizontal deflection of the slurry cut-off wall is
estimated to be 0.026 ft (0.31 in) for the case of using 10-ft long concrete slab and load applied at
position B. Increasing the length of concrete slab from 10 ft to 20 ft leads to a slight reduction in the
maximum horizontal deflection. However, the maximum bending moment increases by
approximately 35%. The maximum vertical deflection is almost unaffected by the length of the
concrete slab. Based on this calculation, 10-ft long and 20-ft long concrete slab provide almost the
same degree of protection to the slurry wall. Geosyntec recommends using 10-ft long, 14-in thick
reinforced concrete slab for crossing over the shurry wall.
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APPENDIX A

REFERENCES ON TRAFFIC LOADING
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Highway Live Loads on Concrete Pipe

FOREWORD

Thick, high-strength pavements designed for heavy
truck traffic substantially reduce the pressure transmitted
through a wheel to the subgrade and, consequently, to
the underlying concrete pipe. The pressure reduction is
so great that generally the live lopad can be neglected.
In 1926, Westergaard presenied a paper summarizing
the results of an extensive study of the effects of loading
conditions, subgrade support, and boundary conditions
on concrete pavemenis (1). These results formed the
basis by which Westergaard developed a method io
calculate the stresses in concrete slabs. Based upon the
work of Westergaard and others, the Portland Cement
Association, (PCA), developed a method to determine
the vertical pressure on buried pipe due to wheel loads
applied to concrete pavemenis (2). The PCA method is
presenied in the American Concrete Pipe Association,
ACPA, "Concrete Pipe Handbook" (3) and "Concrete
Pipe Design Manual” (4}.

Intermediate and thin thicknesses of asphalt
or flexible pavements do not reduce the pressure
transmitted from a wheel o the pavement subgrade io
any significant degree. For these pavements, there isno
generally accepted theory for estimating load distribution
effecis, and, therefore, these pavemenis should be
considered as unsurfaced roadways.

Historically, the American Association of State
Highway and Transportation Officials, AASHTO, criteria
for transmission of loads through soil have been published
in “Standard Specifications for Highway Bridges” (5). The
AASHTO Standard criteria was the primary basis for the
method of determining live ioad pressure injensity on
buried concrete pipe presented in the ACPA Handbook
(3) and the ACPA Design Manual {4), with the exception
that the ACPA assumes a wheel load is applied as a
footprint {Figure 1}, whereas the AASHTO Standard
assumes a wheel load is applied as a point load. Forthe
past decade, AASHTO has been developing a different
approach to design criteria in a new publication, "Load
Resistance Factor Design Bridge Design Specifications”
{6), LRFD, which assumes a wheel load is applied as a
footprint (Figure 1}. In the future AASHTO will require all
designs to be performed in accordance with the LRFD,
and has siopped accepting proposed revisions to the
“Standard Specifications for Highway Bridges”.

. American Concrete Pipe Ass6clation s www.concrete-pipe.org » info@concrete-pipe.org -

© ACPA 2007

This Design Data addresses the method of
determining the live load pressure transmitted through
unsurfaced roadways to circular, elliptical and arch
concrete pipe in accordance with the criteria of the
AASHTO LRFD Bridge Design Specifications .

INTRODUCTION

To determine the required supporting strength of
concrete pipe installed under intermediate and thin
thicknesses of asphalt or flexible pavements, or refatively
shallow earth cover, it is necessary 1o evaluate the effect
of live loads, such as highway truck loads, in addition to
dead loads imposed by the soif and surcharge loads.

LIVE LOADS

if a rigid pavement or a thick flexible pavement
designed for heavy duty raffic is provided with a sufficient
buffer between the pipe and pavement, then the live load
transmitied through the pavement to the buried concrete
pipe is usually negligible at any depth. If any culvert
or sewer pipe is within the heavy duty traffic highway
right-of-way, but not under the pavement structure, then
such pipe should be analyzed for the effect of live load
transmission from an unsurfaced roadway, because of
the possibility of trucks leaving the pavement.

DEAD LOADS

Various methods for analyzing soil dead loads, which
have been developed over the years, are presenied in
the ACPA “Concrete Pipe Technology Handbook” (7).

SURCHARGE LOADS

A common iype of surcharge load is additional soil
fill placed after the pipe has been installed for a period
of time. K the surcharge load is a building or other
surface load, the resultant uniformly distributed load
can be converted to an equivalent height of fill, and then
evaluated as an additional soil load. When concrete pipe
has been installed underground, the soil-structure system
will continually show an increase in load capacity. Data
on concretie pipe, which have been removed from service
and tested, indicate an increase in concrete strength
and an increase in load carrying capacity of 10 to 40
percent. Seitlement and consolidation will improve the
sail structure surrounding the pipe, which also improves

foad carrying capacity.
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LIVE LOADS

The AASHTO design loads commonly used in the
past were the HS 20 with a 32,000 pound axle load in
the Normal Truck Configuration, and a 24,000 pound axle
load in the Alternate Load Configuration (Figure 2).

The AASHTO LRFD design lcads are the HS 20
with a 32,000 pound axle load in the Normal Truck
Configuration, and a 25,000 pound axle load in the
Alternate Load Configuration {Figure 2}. In addition,
the AASHTO LRFD requires the application of a 640
pound per linear foot Lane Load applied across a 10 foot
wide lane at all depths of earth cover over the top of the
pipe, up 1o a depth of 8 feet. This Lane Load converts
to an additional live load of 64 pounds per square foot,
applied to the top of the pipe for any depth of burial less
than 8 feet. The average pressure intensity causedby a
whee! load is calculated by Equation 2. The Lane Load
intensity is added to the wheel load pressure intensity
in Equation 3.

The HS 20, 32,000 pound and the Alternate Truck
25,000 pound design axle are carried on dual wheels
(Figure 1). The contact area of the dual wheels with the
ground is assumed to be a rectangle (Figure 1), with
dimensions presented in Table 1.

16000 ib. MS 20 Lead
12500 |b. LRFD Alternate Load

|

0.83 11,
({oin) P

f a

L 167f ]
(20in.)

bieﬂf. LRFD heel: Surface Contact Area

a (width), ft {in.)
1.67(20)

b {length), ft (in.)
0.83(10)

Association s www.concrete-pipe.org

IMPACT FACTORS

The AASHTO LRFD Standard applies & dynamic
load allowance to account for the truck load being non-
static. The dynamic load allowance, IM, is determined
by Equation 1:
33(1.0 - 0.125H)

M= 100 (M

where: H = height of earth cover over the top of the
pipe, ft.

Figure 2 AASHTO Wheel Loacis and Wheel
Spaczngs

" HS 20 Load |

HS 20 Load
4000 Ib. 40001b. 4000 Ib. 4000 Ib.
- Gt —=| 141t - 6ft. —| 14

0—00+ W—U~

16000 Ib. 16000 Ib. 16000 Ib. 18000 Ib.
LRFD Alternate Load
14ft 12500 Ib. 12500 Ib.

o UU UUT
— 00—’

16000 Ib. 16000 1b. 12500 1b, 12500 Ib.

HS 20 & LRFD Aliernate Loads

}E”

'gfo'@concret&ptpe org
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LOAD DISTRIBUTION

The surface load is assumed to be uniformly spread
on any horizontal subsoil plane. The spread load area
is developed by increasing the length and width of the
wheel contact area for a load configuration as illustrated
in Figure 3 for a dual wheel; in Figure 4 for dual wheels of
two trucks in passing mode; and in Figure 5 for two dual
wheels of two Alternate Load configurations in passing
mode. On a horizontal soll plane, the dimensional
increases to the wheel contact area are based on height
of earth cover over the top of the pipe as presented in
Table 2 for two types of soil.

“Table 3 LRFDCrltlca[Wheel Loa

T-ei'ble 2 LRFD Wheel C.cmtact Area
Dim onal Increase Factor

Soil Type

e

Dimensional Increase Factor
LRFD select granular 1.15H
LRFD any other soil 1.00H

As indicated by Figures 3, 4 and 5, the spread load
areas from adjacent wheels will overiap as the height of
earth cover over the top of the pipe increases. Atshallow
depths, the maximum pressure will be developed by an
HS 20 dual wheel, since at 16,000 pounds it applies
a greater load than the 12,500 pound Alternate Load
{Figures 2 and 3).

H<203 16,000 a-+1.15H b+ 1154 3
203<H<276 32.000 a+d4.4115H b+ 1.15H 4
2.76<H 50,000 a+4+ 1,154 b+4+1.15H 5

H,. it P lbs db, ft Eigure
H<233 18,000 a -+ 1.00M b +.1.00H 3
2833<H<317 32.000 a4+ 1.00H h+ 1.00H 4
3.17<H 50,000 a+4+1.00H b+ 4+ 1.00H 5

Wheel Load Area

Spread Load Area

DD 1 October 2007



Figure 4 épreéﬂ Loa&'Area - Two SmgleDual Wheels 6f.‘l'l"uc_ks-__i:'1. Pas#ihg M__oée
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At intermediate depths, the maximum pressure will
be developed by the wheels of two HS 20 trucks in the
passing mode, since at 16,000 pounds each, the two
wheels apply a greater load than the 12,500 pounds of
an Alternate Load wheel (Figures 2 and 4). At greater
depths, the maximurn pressure will be developed by
wheels of two Alternate Load configuration trucks in the
passing mode, since at 12,500 pounds each, the four
wheels apply the greatest load {50,000 pounds) (Figures
2 and 5). Intermediate depths begin when the spread
area of dual wheels of two HS 20 trucks in the passing
mode meet and begin to overlap. Greater depths begin
when the spread area b of two single dual wheels of two
Alternate Load configurations in the passing mode meet
and begin fo overlap.

Since the exact geometric relationship of individual
or combinations of surface wheel lcads cannot be
anticipated, the most ¢ritical loading configurations along
with axle loads and rectangular spread load area are
presented in Tables 3 and 4 for the two AASHTO LRFD
s0il types.

DESIGN METHOD
The design method encompasses 4 steps.

1. Obtain the following project data:
Pipe shape, size and wall thickness.
Height of cover over the concrete pipe, and type of
earth fill.
LRFD or other criteria.

2. Calculate the average pressure intensity of the
wheel loads on the soil plane on the cutside top of
the pipe.

3. Calculate the total live wheel load and lane load
acting on the pipe.

4. Calculate the totai live load acting on the pipe in
pounds per linear foot,

Project Data

Pipe shape and internal dimensions are shown on
the project plans. Complete information on dimensional
detaills are included in ASTM Specification C 14 for
nonreinforced circular concrete pipe (8), C 76 for
reinforced concrete circular pipe (9), C 506 for reinforced
concrete arch pipe (10) and C 507 for reinforced concrete
elliptical pipe (11). Internal size, wali thickness and
outside dimensions are presented in Tables 6, 7 and 8
for circular, arch and elliptical pipe respectively.

The minimum earth cover over the concrete pipe
can be obtained {rom the project plans. The type of {il
material required under, arcund and over the concrete
pipe will be noted an the project plans or detailed in the
contract documents.

A decision regarding whether the AASHTO LRFD or

other criteria will be used should be obtained from the
project authority.

Average Pressure Intensity
The wheel load average pressure intensity on the
subsoil plane at the outside top of the concrete pipe is:

_ P+

where: w = wheel load average pressure intensity,
pounds per square foot
P = total live wheel load applied at the
surface, pounds

A = spread wheelload area atihe outside top
of the pipe, square feet
IM = dynamic load allowance

From the appropriate Table 3, or 4, select the critical
wheel load and spread dimensions for the height of earth
cover over the outside top of the pipe, H. The spread live
load area is equal to Spread a times Spread b. Selectthe
appropriate dynamic load aliowance, using Equation 1.

Total Live Load

Adesigner is concerned with the maximum possible
ioads, which occur when the distributed load area
is centered over the buried pipe. Depending on the
pipe size and height of cover, the most critical loading
orientation can occur either when the truck travels
transverse or paraliel to the centerline of the pipe. Figure
& illustrates the dimensions of the spread load area, A,
as related to whether the truck travel is transverse or
parallel to the centerline of the pipe.

A Spread b
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3
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Unless you are certain of the pipeline orientation, the
iotal live load in pounds, W,, must be calculated for each
fravel orientation, and the maximum calculated value
must be used in Equation 4 1o calculate the live load on
the pipe in pounds per linear foot.

The LRFD reguires a Lane Load, L, of 64 pounds
per square foot on the top of the pipe at any depth less
than 8 feet.

The total live load acting on the pipe is :

Le =L+ 1.75(3/4Ry) 5]

=total live Joad, pounds
=wheel joad average pressure
intensity, pounds per square
foot {at the top of the pipe)
L =lane loading if AASHTO
LRFD is used, pounds per
square foot

where: W,
w

0sH<8,  L=64, pounds per square foot

Hz8, L_ =0

L =dimensicn of A parallel to the
longitudinal axis of pipe, feet

S, =outside horizontal span

of pipe, B,, or dimension
of Atransverse to the
longitudinal axis of pipe,
whichever is iess, feet

Total Live Load in Pounds per Linear Foot
The total live load in pounds per linear foot, W,, is
caleulated by dividing the Total Live Load, W, by the

Effective Supporting Length, L, (See Figure 7), of the
pipe:
W

[4}

=live load on top of pipe,
pounds per linear foot

L =effective supporting length of
pipe (see Figure 7}, feet

The effective supporting length of pipe is:
Le =L + 1.75(3/4R) [5]

where: R, =outside vertical Rise of pipe, feet

EXAMPLES

Four Example calculations are presented on ihe
following pages to illustrate the four steps of the Design
Method, and the effect of varying the depth of fill and
the type of fill. The live loads per linear foot calculated
in the four Examples are summarized in Table 5.

ve Load, pif

0l -l

Select Granutfar 16,600 2559
Other 16,000 2672

Select Granular 50,000 1471
Other 50,000 1622

Whee! Surface Contact Area

S

N

Ro PipenCenterline
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EXAMPLE 1

Given: A 30-inch diameter, B wall, concrete pipe is to
pe installed as a storm drain under a flexible
pavement and subjected to AASHTO highway
loadings. The pipe will be installed in a trench
with a minimum of 2 feet of cover over the top
of the pipe. The AASHTO LRFD Criteria will be
used with Select Granular Solil.

The maximum live load on the pipe in pounds
per linear foot.

Find:

Solution:
1. Review project data.

A 30-inch diameter, B wall, circular concrete pipe has a
wall thickness of 3.5 inches, therefore B_is 3.08 feet
and R, is 3.08 feet. Height of earth cover is 2 feet.
Use AASHTO LRFD Criteria with Select Granular
Soil Fill.

2. Calculate average pressure intensity of the live load
on the plane at the outside top of the pipe.

From Table 3, the critical load, P, is 16,000 pounds irom
an HS 20 single dual wheel, and the Spread Area
is:

{Spread a){Spread b)

={1.67 + 1.15x2)}(0.83 + 1.15x2)
=(3.97)(3.13)

A=12.4 square feet

A
A
A

1.M.=33(1.0 - 0.125H)/100
|.M.=.2475 (24.75%)
w=P(1 + IM)/A
w=16000(1 + 2475)/12.4
w=1,610 Ib/ft2

3. Calculate total live load acting on the pipe.

W= {w+L)LS

Assuming truck travel transverse to pipe centeriine.
L =64

L.=8pread a = 3.97 feet

Spread b=3.13 feet

B_=3.08 feet, which is less than Spread b, therefore
5,=3.08 feet

W, = (1610 + 64)x3.97x3.08 = 20,500 pounds

Assuming truck travel paralle! 1o pipe centerline.

merican Conorete Pipe Ass

L =64

Spread a=3.97 feet

L=Spread b = 3.13 feet

B .=3.08 feet, which is less than Spread a, therefore
§,=3.08 feet

W, = (1610 + 64) 3.08 x 3.13 = 16,100 pounds

W, Maximum = 20,500 pounds; and fruck travel is
transverse o pipe centerline

4. Calculate live load on pipe in pounds per linear foot.
R,=3.08 feet

L=L+1.75(3/4R))
L.=3.97 + 1.75(.75x3.08) = 8.01 feet

W =WL,
W =20,500/8.01 = 2,569 pounds per linear foot

EXAMPLE 2
Given: Same as Example 1, except use AASHTO LRFD
Criteria with Other Seils Fill.

Find: The maximum live load on the pipe in pounds
per linear foot.

Solution:
1. Review project data.

A wali B 30-inch diameter circular concrete pipe has a
wall thickness of 3.5 inches, therefore B, is 3.08 feet
and R, is 3.08 feet. Height of earth cover is 2 feet.
Use AASHTO LRFD Criteria with Other Soils Fill.

2. Calculate average pressure intensity on the plane at
the top of the pipe.

From Table 4, the critical load, P, is 18,000 pounds from
an HS 20 single dual wheel, and the Spread Area
is:

=(Spread a){Spread b)
{(1.67 + 1.00x2)(0.83 + 1.00x2)
(3.67)(2.83)

A
A
A
A=10.4 square feet

.M.=33(1.0 - 0.125H)1100
LM.=.2475

w=P(I + IM)/A
w=18,000(1 + .2475)/10.4
w=1,920 Ib/fi2

DD 1 October 2007



3. Calculate total live load acting on the pipe.
W, =(w+LLS

Assuming truck travel transverse 1o pipe centerline.

L =64

L=Spread a = 3.67 feet

Spread b=2.83 fee!

B,=3.08 feet, which is greater
Spread b, therefore

than

8,=2.83 feet

W,=(1,920 + 64)x3.67x2.83 = 20,600 pounds
Assuming truck travel parailel 1o pipe centerline.

L =64

Spread a=3.67 feet

L=Spread b = 2.83 feet

B,=3.08 feet, which is less than Spread a, therefore

3,=3.08 fest

W, = (1,920 + 64)x2.83x3.08 = 17,300 pounds

W, Maximum = 20,600 pounds; and truck travel is
transverse to pipe centerline

4. Calculate live load on pipe in pounds per linsar foot.
R,=3.08 feet

L=L+1.75(3/4R )
L =3.67 + 1.75(.75x3.08) = 7.71 feet

W =W

W =20,600/7.71 = 2,672 pounds per linear foot

EXAMPLE 3

Given: Same as Example 1, except minimum depth of
fill is 4 feet.

Find: The maximum live load on the pipe in pounds

per linear foot.
Solution:

1. Review project data.

A wall B 30-inch diameter circular concrete pipe has a
wall thickness of 3.5 inches, therefore B, is 3.08 feet
and R, is 3.08 feet. Height of earth cover is 4 feet.
Use AASHTO LRFD Criteria with Select Granular
Seil Fill.

2. Calculate average pressure intensily at the outside
top of the pipe.

From Table 3, the critical load, P, is 50,000 pounds
from two single dual wheels of two Alternate Load
Configurations in the passing mode, and the Spread
Area is:

A=(Spread a)(Spread b)

As(1.67 + 4 + 1.15x4)(0.83 + 4 + 1.15x4)
A=(10.27)(8.43)

A=96.85 square feet

I.M.=33(1-0.125H)/100
[.M.=0.165

w=P(1 + L.LM.)JA = 50,000(1 +.165)/96.85
w=601 Ib/it2

3. Calculate total live load acting on the pipe.
W, = (w+LJLS,
Assuming truck trave! fransverse to pipe centerline.

L =64

L=Spread a = 10.27 feet

Spread b=9.43 feet

B_=3.08 feet, which is less than Spread b, therefore
5,=3.08 feet

W, = (601 + 64)x10.27x3.08 = 21,035 pounds
Assurning truck travel parallel to pipe centerline.

L =64

Spread a=10.27 feet

i.=Spread b = 9.43 feet

B_=3.08 feet, which is less than Spread a, therefore
5,=3.08 feet

W, = (801 + 64)x9.43x3.08 = 19,315 pounds

W, Maximum=21,035 pounds; and truck travei is
transverse to pipe centerling

4, Calculate five load on pipe in pounds per linear
foot.

R.=3.08 feet

L =L+ 1.75(3/4R)
L=10.27 + 1.75(0.75x3.08) = 14.3 feet
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W=W/L,
W =21,035/14.3 = 1,471 pounds per linear foot

EXAMPLE 4
Given: Same as Example 2, except minimum depih of
fill is 4 feet.

Find: The maximum live lpad on the pipe in pounds
per linear foot.

Solution:

1. Review project data.

Awall B 30-inch diameter circular concrete pipe has a wall
thickness of 3.5 inches, therefore B, is 3.08 feet and

R, is 3.08 feet. Height of earth cover is 8 feet. Use
AASHTO LRFD Criteria with Other Soils Filt.

2. Calculate average pressure intensity on the plane at

the top of the pipe.

From Tabie 4, the critical load, P, is 50,000 pounds
from two single dual wheels of two Alternate Load
Configurations in the passing mode, and the Spread

Area is;

A = (Spread a){Spread b)

A = (1.67 +4+1.00x4)(0.83 + 4 + 1.00x4)
A = (9.67)(8.83)

A = 85.4 sguare fest

IM.= 0.165

w = P+ IM)YA

w = 50,000(1+.165)/85.4

w = 682 Ib/?

3. Calculate total Hive load acting on the pipe.

W= (w+ L LS,

Assuming truck travel transverse to pipe centeriine.
L,=64

L =Spread & = 9.67 feet

Spread b=8.83 fest

B.=3.08 feet, which is less than Spread b, therefore
5,=3.08 feet

W. = (682 + 64)x9.87x3.08 = 22,219 pounds

Srican Goncrets P

Assuming truck travel parallel to pipe centerline.
=64

Spread a=9,67 feet

L=8pread b = 8.83 feet

B,=3.08 feet, which is less than Spread a, therefore
5,=3.08 feet

W, = {682 + 64)x8.83x3.08 = 20,289 pounds

W, Maximum = 22,219 pounds; and truck travel is
transverse to pipe centerline.

4., Calculate live joad on pipe in pounds per {inear foot.
R =3.08 feet

| =L+ 1.75(3/4R,
L=9.67 + 1.75(0.75x3.08) = 13.7 feet

W=WJL,
W, =22,219/13.7 = 1,622 pounds per linear foot
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Table 6 Dimensions of

. Circular Conerete Pipe
Internal  Minimum  Minimum  Minimum
Diameter, Wali Wall Wall
inches Thickness, Thickness,
Thickness,
inches inche inches |
12 1-3/4 2 -
15 1-7/8 2-1/4 -
18 2 2-1/2 .
21 2-1/4 2-3/4 -
24 2-1/2 3 3-3/4
27 2-5/8 3-1/4 4
30 2-3/4 3-172 4-1/4
33 2-7/8 3-3/4 4-1/2
36 3 4 4-3/4
42 3-1/2 4-1/2 5-1/4
48 4 5 5-3/4
54 4-1/2 5-1/2 8-1/4
60 5 6 6-3/4
66 5172 6-1/2 7-1/4
72 ] 7 7-3/4
78 6-1/2 7172 8-1/4
84 7 8 8-3/4
a6 7-1/2 8-1/2 9-1/4
96 8 9 9-3/4
102 B-1/2 g-1/2 1014
108 9 16 10-3/4
114 g-1/2 10172 11-1/4
120 18 11 11-3/4
126 1012 11172 12-1/4
132 11 12 12-3/4
138 11172 12-1/2  13-1/4
144 12 13 13-3/4
180 12-1/2  13-1/2  14-1/4
156 13 14 14-3/4
162 13-1/2  i4-1/2  156-1/4
188 14 15 15-3/4
174 14-12  151/2  16-1/4
186 15 16 16-3/4

“" American Congrete Pif

Table 7 Dimensions of Arch

Table 7 Dimensions of Eiliptical

. . Concrete Pipe Congcrete Pipe
Minimum Equivalent ﬁ;mr Major Minimum Wali
gqui\éals%n: Migimum Misnimum Wall Round Size, Axis, Axis Thickness,
ound Size, Hise, pan,

IThickness, i 18 14 53 2.3/4
15 11 18 9.1/4 24 19 30 3-1/4
18 1312 22 2.1/2 27 22 3 3R
91 15-1/2 26 2-3/4 30 24 38 3-1/4
24 18 28-1/2 3 33 27 42 3-3/4
30 22-1/2 36-1/4 3172 3 29 45 412
36 26-5/8 43-3/4 4 39 32 49 4-3/4
42 31516 5-1/8  4-172 2 34 5 5
48 36 58-i1/2 5 48 38 60 5-1/2
54 40 65 5-1/2 54 43 68 )
80 45 73 6 60 48 76 6-1/2
72 54 a8 7 66 53 83 7
24 g2 102 8 72 58 a1 7-112
0 72 115 8-1/2 78 83 88 8
96 77-1/4 129 g 84 68 106 B-1/2
108 87-1/8 138 10 50 72 113 g
120 96-7/8 154 11 % 77 1z 9-1/2
132 106-1/2 168-3/4 10 2 82 128 9-3/4

Association « Ww.con

108 87 136 10

114 92 143 10-1/2
120 97 151 11
132 106 166 12
144 116 180 13
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INPUT PARAMETERS FOR FEM MODEL



SUMMARY OF THE FINITE ELEMENT HYPERBOLIC PARAMETERS
CUTOFF WALL DEFORMATION AND STABILITY ANALYSES

FRESH KITLLS LANDFILL
Parameter Name Relationships
Km modulus number E;=Kp Py (537 5L
Kur unload/reload modulus Eur=KurPs (c3/P"
number

n modulus exponent

c cohesion intercept fuilure stress, (o}~ 0'3) 7=

¢ friction angle 2ccosd+ 20, sin ¢

i-sing
failure stress, (07— 04 ) s

- - R s
Rf failure ratio £ = Uitimate stress, (0, - 0 )
Ky bulk modulus number B=K.P (0, /P)"
: b'a*"3 "a
m bulk modulus exponent
Notes:

E; = initial modulus

E,r = unload/reload modulus
P, = atmospheric pressure

B = bulk modulus

g3 = confining pressure
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Table 5-5

TYPICAL RANGES OF DRAINED MODULUS FOR SAND

Normalized Elastic Modulus, Eg/p,

Consistency Typical Driven Piles®
loose 100 to 200 275 to 550 ' A
,w’*’”‘“_h““ﬁm*\\#b 'L. i
(E;ﬁr 200 to@ 550 to 700> Uead Lof = 2fv. 2005 =~ Ao sz:]'-
dense 500 to 1000 700 to 1100

a - Source: Poulos (17), p. 207.

:pa (33/Pa)™ [1 - Rg (1 - sin ¢eo) (87 - 83)/(2 33 sin ¢ge)]? (5-21)
_and T3 = effective major and minor principal stresses, respectively,
:tive stress friction angle in triaxial compressien, and k, n, and Rf =

‘ameters given in Table 5-6. For convenience in computer code implemen-

utmann and Kulhawy (1) appréximated & as follows:
0 + 800 4pa1 (5-22)
efined in Eguation 5-8.

s with Strength

odulus commonly is correlated to the effective soil strength through the

dex (Ip), as defined below for drained leading:

/(& tan ¢e) (5-23) i

Hl
lues for I, are given in Table 5-7. Of particular interest to note is i
reases with increasing relative density and decreases with Increasing :

5. It also is lower with more compressible soil minerals,

he rigidity index (I.) for drained loading, volume changes normally
ronsidered. Therefore, I must be corrected for the volumetric strains

ld a reduced rigidity index (I}, as given below by Vesicé (20):

5-15
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1. General Information

Table [1] Model

Model

Plane Strain

Element

15-Noded
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2. Geometry

2.1. Clusters

o

i)

.-

e

Fig. 1 Plot of geometry model with cluster numbers
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3. Material data

Table [2] Soil data sets parameters

Mohr-Coulomb i
Soil-Bentonite
Backfill
Type Drained
Visnsat [1b/fed] 103.00
' [1b/113] 105.00
k, [f/day] 0.000
k, [f/day] 0.000
Cinit [~} 0.5G0
ci [-] IELS
| D [Ib/1?] 4200.000
v [-1 0.200
Gy [Ib/ft?] 1750.000
E e [tb/fi?] 4666.667
Ceut [1b/ft*] 20.00
® [?] 0.50
yr [°] 0.00
Eine [Ib/fi3/ 1) 0.00
Yeer [ft] (.000
Cincrement [Ib/ft2/ti) 0.00
Tar. [1b/fe?] 0.00
Rinlcr. %'] 1.00
Interface Neutral
permeability
Hardening Soil 2 3 4
eranular fill refuse Qre
Type Drained DPrained Drained
Vumsat [Ib/1) 120.00 73.00 94,00
Yeat [Ib/Fe3) 120.00 73.00 94,00
k, [fi/day] 0.000 0.000 0.000
ki, [fu/day] 0.000 0.000 0.000
€init [-] 0.50 0.30 0.30
Comin [-] 0.00 0.00 0.00
€ [-] 999.00 996.00 999.00
C [-] FE13 1E15 1ES
B b/l 700000.00 70000.00 34000.00
Epe™ {ib/RE) 560000.00 36000.00 27000.00
power {m) {-] (.50 0.45 0.83
Crot [1b/ff 2.00 5.00 5.00
0 ] 34.00 28.00 36.00
W %] 0.00 0.00 0.00
B, [1b/i?s 2160000.00 157060.00 68000.00
v [-1 0.200 0.200 0.200
p™' [Ib/i] 2116.00 216,00 100L60
Cinerement [1b/i?] 0.00 0.00 0.00
Vool [fi} 0.00 0.00 0.00
R: [ 0.90 0.90 0.90
Tate. [1b/13?] 0.00 0.00 0.00
Rinier (-] 1.00 1.00 1.00




PLAXIS 8.x Professional version

Hardening Soil 2 3 4
granular fill refuse Qre
ﬁm&r [ft] 0.00 (.00 0.00
Interface Neutral Neutral Neutral
permeability
Table {3] Beam data sets parameters
no. Identification EA El w v Mp Np
[Ih/f1} [ihft/ 1] [Ib/Rfit] {-] [bfi/t) [1b/it}
1 Concrete Plate 6.72E8 7.3E7 175.00 0.20 iEls LE15
2 pavemeni 3.6E6 | 75000.00 60.00 0.20 1E13 LE1S
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4. Calculation phases
Table [4] List of phases o —
Phase Ph-No. Start Calculation type Load input First Last step
phase step
Initial phase 0 it - 0 0
Slurry Wall | 0 Plastic analysis Staged construction i Pid
installation
Surcharge 2 I Plastic analysis Staged construction Pis 130
surcharge 3 2 Plastic analysis Staged construction 131 166
removed
Load Position A 4 3 Plastic analysis Staged construction 167 186
Load Position B 5 3 Plastic analysis Staged construction 187 215
Lead Position C 6 3 Plastic analysis Staged construction 216 236
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5. Resulis for phase 4

5.2. Deformations
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Fig. 2 Plot of deformed mesh
- Step no: 186 - ( Phase: 4 )
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5.2.1. Plot of total displacements

l

O R R R T
!

R

LTI TT
N
\lllﬁll PRy

kX

i

AT

AL

ements {arrows)

isplac
86 -

Plot of totai di

.3

F
)

i

F

)

4

( Phase:

1

- Step no



PLAXIS 8.x Professional version

e
=
i

e

"o

1200600

110002

e
e
-

100,008

= gk o
: e e : 7 7
. : - o S L s % o :

S Co - A S <2 . 80,000
- e e .

"
s

... = D600

. - i
- - 30.000
e -
...

T e

Fig. 4 Plot of total displacements {shadings)
- Step no: 186 - ( Phase: 4 )
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5.2.2. Plot of vertical displacements
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Fig. 5 Plot of vertical displacements (shadings)
- Step no: 186 - { Phase: 4 )

5.3. Structures

5.3.3. Beams
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5.3.3.1. Beams

Fig. 6 Shear forces envelop in beam (plate no: 2)
Extreme value 3.14%10" Ib/ft {Phase: 4)



PL.AXIS 8.x Professional version

i

Fig. 7 Bending moment envelop in beam (plate no: 2)
Extreme value 12.54%10° Ib/fu/ft (Phase: 4}

5.4. Cross sections
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5.4.4, Deformations

Fig. 8§ Horizontal displacements in cross section (Cross Section A - A*)
Extreme value |1.47%10™ ft (Phase: 4)
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6. Results for phase 5

6.5. Deformations
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Fig. 9 Plot of deformed mesh
- Step no: 215 - ( Phase: 5}
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6.5.5. Plot of total displacements
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Fig. 11 Plot of total displacements (shadings)

- Step no: 215 - ( Phase: 5)
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6.5.6. Plot of vertical displacements
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6.6. Structures

6.6.7. Beams
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6.6.7.2. Beams

I\ 1 Om

Fig. 13 Shear forces envelop in beam (plate no: 2)
Extreme value 2.34%10° Ib/ft {Phase: 3)
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Fig. 14 Bending moment envelop in beam (plate no: 2)
Extreme value 1.89%10° Ib/ft/ft (Phase: 5)

6.7. Cross sections
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6.7.8. Deformations

g

Tig. 15 Horizontal displacements in cross section (Cross Section A - A¥}
Extreme value 26.22%107 ft (Phase: 3)
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7. Results for phase 6

7.8. Deformations

ZAVAN

ZAVAN

Fig. 16 Plot of deformed mesh
- Step no: 236 - { Phase; 6 )
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7.8.9. Plot of total displacements
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Fig. 18 Plot of total displacements (shadings)
- Step no: 236 - ( Phase: 6 )
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7.8.10. Plot of vertical displacements
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Fig. 19 Plot of vertical displacements {shadings)
- Step no: 236 - { Phase: 6 )

7.9. Structures

7.9.11. Beams
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7.9.11.3. Beams

Fig. 20 Shear forces envelop in beam (plate no: 2}
Extreme value -739.38 Ib/ft (Phase: 6)
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Fig. 21 Bending moment envelop in beam (plate no: 2)
Extreme value 833.76 Ib/ft/ft (Phase: 6)

7.10. Cross sections
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7.10.12. Deformations

Fig. 22 Horizontal displacements in cross section {Cross Section A - A¥)
Extreme value 24.00%107 ft {Phase: 6)
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1. General Information

Table [1] Model

Model

Plane Strain

Element

15-Naded
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2. Geometry

2.1. Clusters

~

Fig. 1 Plot of geometry model with cluster numbers
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3. Mesh data
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Fig. 2 Plot of the mesh with significant nodes
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4. Material data

Table [2] Soil data sets parameters

Molir-Coulomb 1
Soil-Bentonite
Backfill
Type Drained
Yunsat [1b/113] 105.60
Yeut [Ib/10] 103.00
k. [fi/day] 0.000
k, [fi/day] 0.000
init {1 0.500
L - 1E15
| [b/fi] 4200.000
v -] 0.200
Gt [1b/f12] 1750.000
Eocd [Ib/f2) 4666.667
Cout [Ib/fez] 20.00
@ [ 0.50
Yy [} 0.00
Eine [Ib/fr/dt] 0.00
Vel [ft] 0.000
Cincrement [Ib/fe3/ 13 0.00
T i 0.00
Rinier, [-] 1.00
Interface Neutrai
permeability
Hardening Soil 2 3 4
grannlar fill refuse Qrc
Tvpe Drained Drained Drained
Younsas [Ib/f3] 126.00 73.00 94.00
Yiat (/1) 120.00 73.00 94.00
k, [fi/day] 0.000 0.000 0.000
ks, [f/day] 0.000 0.000 0.000
Cinit (- 0.50 0.30 (.50
Cnin [- 0.00 0.00 0.00
€ [1 999.00 999.00 999.00
Cy [-] 1E13 1E3 1E1S
Egq™ [1b/f12] 700000.00 70000.00 34000.00
Eped™ [/ 360000.00 56000.00 27000.00
power (m) [-] 0.30 0.45 0.83
Cref [1b/ft?] 2.00 5.00 5.00
0 ©) 34.00 28.00 36.00
v [°l 0.00 0.00 0.00
E,,,.rer [1h/1?] 2100000.00 1537600600 68000.00
v i-] 0.200 0.200 0.200
p"f [b/f2] 2116.00 2116.00 100,00
Cincrement [Ib/1?] 0.00 0.00 0.00
Yo [fi] 0.00 0.00 0.00
R; -] 0.90 0.90 (.90
Tate. [Ib/f12] 0.00 0.60 (.00
Rinter {-1 1.00 1.00 1.00
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Hardening Soil 2 3 4
granular fill refuse Qre
S (1] 0.00 0.00 0.00
Interface Neutral Neutral Neutral
permeability
Table [3] Beam data sets parameters
no. Identification EA EI w v Mp Np
[1b/1] [Thii/1t] {ib/f/i] [ [1biUft} {Ib/11]
1 Concrete Plate 6.72E8 7.3E7 175.00 0.20 IE13 1E15
| 2 pavement 3.6E6 75000.00 60.00 0.20 IEI5 1E15
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5. Calculation phases

Table [4] List of phases

Phase Ph-No. Start Calculation type foad input First Last step
phase step
Initial phase 0 0 - 0 0
Slurry Wali I 0 Plastic analysis Staged construction I 114
instaliation
Surcharge 2 1 Plastic analysis Staged construction TS 130
surcharge 3 2 Plastic analysis Staged construction 131 166
removed
Load Position A 4 3 Plastic analysis Staged construction 167 183
Load Position B 5 3 Plastic analysis Staged construction £84 198
Lead Position C 6 3 Plastic analysis S1aged construction 199 215
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6. Results for phase 4

6.2. Deformations
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Fig. 3 Plot of deformed mesh
- Step no: 183 - ( Phase: 4 }
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6.2.1. Plot of total displacementis
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6.2.2. Plot of vertical displacements
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6.3.3.1. Beams

Fig. 7 Shear forces in beam (plate no: 2}
Extreme value -3.11%#10° [b/ft (Phase: 4)
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Fig. 8 Bending moments in beam (plate no: 2)
Extrerme value -17.02%10° Ibfi/ft (Phase: 4)

6.4. Cross sections
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6.4.4. Deformations

Fig. 9 Horizontal displacements in cross section (Cross Section A - A¥)
Extreme value [2.99%10™ ft (Phase: 4}
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7. Results for phase 5

7.5. Deformations
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Fig. 10 Plot of deformed mesh
- Step no: 198 - { Phase: 5)
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7.5.5. Plot of total displacements
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Fig. 12 Plot of total displacements (shadings)
- Step no: 198 - ( Phase: 5)
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7.5.6. Plot of vertical displacements
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Fig. 13 Plot of vertical displacements (shadings)
- Step no: 198 - ( Phase: 5)

7.6. Structures

7.6.7. Beams
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7.6.7.2. Beams

Fig. 14 Shear forces in beam (plate no: 2)
Extreme value 2.41%10° Ib/ft (Phase: 5)
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Fig. 15 Bending moments in beam (plate no: 2}
Extreme value -14.72%10" [bft/ft (Phase: 5)

7.7. Cross seciions
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(]
(S

7.7.8. Deformatiohs

,_ m_u\mlmumi

Fig. 16 Horizontal displacements in cross section (Cross Section A « A¥)
Extreme value 15.17#107 ft {Phase: 3)
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8. Results for phase 6

8.8. Deformations

ZAVAN
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Fig. 17 Plot of deformed mesh
- Step no: 215 - ( Phase: 6)
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8.8.9. Plot of total displacements
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8.8.10. Plot of vertical displacements
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Fig. 20 Plot of vertical displacements {shadings)
- Step no: 215 - ( Phase: 6 )

8.9. Structures

8.9.11. Beams
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8.9.11.3. Beams

i

Fig. 21 Shear forces in beam (plate no: 2)
Extreme value -1.09%10° Ib/ft (Phase: 6)

il
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ﬁlzuili

Fig. 22 Bending moments in beam (plate no: 2)
Exireme value 4.21%10" Ibf/fi (Phase: 6)

8.10. Cross sections
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8.10.12. Deformations

)

Fig. 23 Horizontal displacements in cross section (Cross Section A - A¥)
Extreme value 22.98%10™ {t (Phase: 6)
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