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Chapter A-12
General Structural

A-12.1 Structural Analysis Methodology

A-12.1.1 Introduction

The structural features of the levee units included in this study consist of
floodwalls, pump stations, closure structures for openings in levees and floodwalls,
gatewells, reinforced box culverts, drainage structures, and retaining walls integral to the
integrity of the levee system. The evaluation of each unit’s structures includes the
assessment of existing conditions and formulation of several project alternatives. These
alternatives include raising the level unit to meet the elevation of a Nominal 500 year
flood (N500), a N500 plus three additional feet (N500+3”), and a N500 plus five
additional feet (N500+5”). The findings then provide input to the HEC-FDA economics
model used to develop benefit to cost (B/C) ratios and an economic assessment.

For existing conditions, the features were analyzed at various water levels to
establish reliability as required by the HEC-FDA program model. This work was based
on visual observation, dated construction plans, historical data, discussions with the
Corps of Engineers and Levee District personnel (those familiar with and involved in the
inspection, operation, and maintenance of the levee units), detailed engineering analysis,
and engineering judgment.

Alternatives for creating flood control protection above the current level of
protection included removal and replacement of floodwall with earthen levee,
modification, and new construction. For modifications, similar work to that stated above
for existing structures was required including assumptions and engineering judgment.
Analysis of the N500, N500+3” and N500+5’ focused on the N500+3’ event and those
findings were extrapolated to estimate requirements for the N500 and N500+5’ where
possible. The B/C ratios for future conditions were also used in the development of the
economic curve.

Note, the work contained herein is to provide Feasibility Analysis results only; it
does not replace a deterministic design analysis, or answer the questions that only a
deterministic design analysis can. The structures were analyzed, without factors of safety
and with consistent assumptions, in order to evaluate the relative risk and consequences
for economic and risk-informed decision-making purposes. Risk and Reliability studies
do not replace deterministic analyses, nor do such studies confirm the satisfaction of any
design criteria, past or present. They simply provide additional information for the
decision-maker with respect to the possible performance of the structure for the loads
under consideration. This provides a risk-informed decision with respect to project
repairs or improvements.

A-12.1.2 Deterministic Design Criteria

A series of screening criteria are used to determine if a probabilistic analysis is
necessary for a given structure. Summarized below are some general assumptions used
to analyze structural components as well as the strength and stability criterion from the
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current design standards. If the analysis shows the existing structural component meets
the below criteria, it is assumed reliable and a 99.8% reliability is assigned. If the
structural component does meet the criteria, a reliability analysis is performed.

A-12.1.2.1 General Assumptions

The following lists major assumptions in the feasibility study. Other assumptions

specific to a feature are noted in respective levee system appendix.

a. Some structural components were not analyzed. Only components judged to be
critical based upon engineering experience were analyzed for feasibility.

b. The structural components were analyzed based on dimensions, quantities, and
conditions represented by record drawings. Deviations from plans cannot be
verified per scope and budget. This is a consistent assumption for relative risk
and reliability assessment for Kansas City’s levee feasibility studies.

c. Parts of the components being analyzed that were not evaluated with this
analysis include, but may not be limited to, minimum rebar embedment
lengths, structure capacity at rebar cutoff locations, axial tension in heels due
to resisting pressures on the key, various cut-off wall efficiencies, and various
soil resistances.

d. Secondary and incremental load effects are not considered for the feasibility
analysis. Permanent deformation or damages from any less than extreme
floods that occur prior to the extreme flood are expected to have been repaired
to minimum USACE criteria.

e. Construction practices are considered good, and all specifications noted on
plans satisfied.

f. Structural materials, such as reinforcing bar and concrete, are in good condition
— without voids or other significant defect.

g. Soil is adequately compacted and fill type and strength parameters supplied by
Geotechnical Section is correct.

h. Cut-off walls are 50% efficient, and are of adequate strength and good
condition. The upstream face of structural wedges was analyzed with a Line of
Creep, reduction beginning at top of ground. This is the default method in
CTWALL. Toe drains are considered inoperable.

A-12.1.2.2 Stability and Pile Capacity Requirements

Pile capacity requirements are based on EM 1110-2-2906 Design of Pile
Foundations. Structural stability criterion can be seen in Table A-12-1. It is based upon
EM 1110-2-2100 Stability Analysis of Concrete Structures (01 Dec 2005), with the
exception of the extreme load condition. The Missouri River L-142 Design Criteria Issue
Resolution Paper (2002) addressed a concern with the extreme load condition categories
as specified in EM 1110-2-2100 and put forth more stringent guidelines for
recommended extreme load condition stability criteria. That criterion is used herein.
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Recommended Sliding Stability

Factor of Safety
Load Condition Category Return Period Factor of Safety
Usual 10 yrs 2
Unusual 300 yrs 1.5
Extreme Top of Protection 1.3*
Recommended Rotational Stability
Percent of Base in Compression

Load Condition Category

Return Period

Percent of Base in
Compression

Usual 10 yrs 100%
Unusual 300 yrs 75%
Extreme Top of Protection 25% *

Recommended Maximum Allowable Bearing Capacity
% Increase in Allowable Bearing Capacity

Load Condition Category

Return Period

% Increase in Allowable
Bearing Capacity

Usual 10 yrs 0%
Unusual 300 yrs 15%
Extreme Top of Protection 50%

Recommended Flotation Stability
Factor of Safety
Load Condition Category Return Period Factor of Safety

Usual 10 yrs 1.3
Unusual 300 yrs 1.2
Extreme Top of Protection 1.1

* Stability requirements increased from value in EM 1110-2-2100.

Table A-12-1 Stability Criterion

A-12.1.2.3 Strength Requirements

a. Strength requirements are based on the Strength Design Method as outlined by
EM 1110-2-2104, Strength Design for Reinforced-Concrete Hydraulic Structures.
b. Dead and live load factor (LF) of 1.7 and a hydraulic factor (HF) of 1.3 (when
applicable).
c. The respective ACI Strength Reduction Factors are used with the corresponding
Load Factors above (see ACI 350 Appendix C). The strength reduction factor for
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tension-controlled sections (¢)is 0.90; the strength reduction factor for shear and torsion
is 0.85. Other strength reduction factors can be found in ACI 350-06, Appendix C.

A-12.1.3 Structural Reliability Methodology (existing structures only)

The following structural methodology was developed by the Kansas City District
during the course of the Phase 1 — Kansas Citys Levees Feasibility Study. The
subsequent criterion was accepted by representatives of the U.S. Army Corps of
Engineers Headquarters in the Fall of 2005. The approved structural reliability
methodology referred to below, can be found in the MFR “Kansas Citys Structural
Summit held 01 Dec 05”, Memorandum dated 13 Jan 06.

A-12.1.4 Deterministic Criteria (existing structures only)

Typical strength reduction factors and load factors were not used in the analysis
of these structures. Load factors and reduced strengths are used in design, but are
considered inappropriate for a probability of failure analysis. If an existing structure has
a calculated factor of safety of less than 1.0 (Capacity/Demand), then it implies failure of
that structure.

A high enough Factor of Safety (FS) in the strength analysis will provide 99.8%
reliability because any variance in coefficients is too low to overcome the safety factor.
There is a limit where the FS is still above 1, yet the probability of failure (POF) will
begin to increase due to statistical possibilities presented by the coefficient of variance.
To prevent unnecessary POF analyses, it is desirable to determine this FS threshold. Two
reasons are given to set this FS threshold at 1.5. First, it is possible to calculate the
maximum range of FS based upon the coefficients of variation used in the analysis. This
is performed by likening the analysis to measurement and instrumentation. Coefficients
of Variation (COV) are then treated like uncertainty of a measurement (FS) based upon
the mean values. For a system with N™ order of uncertainty, a 95% confidence estimate
of total uncertainty can be computed by the square root of the sum of the squares of each
coefficient of variation. Considering the Coefficient of VVariation for concrete
compressive strength, steel yield strength, unit weight of soil, seepage pressures, and the
angle of internal friction yields a probable maximum range in FS of +/- .28. Failure is
not attained until FS < 1. Therefore, by this method, the FS should not reduce the POF
unless the FS is near or below 1.28. A FS threshold of 1.5 would guarantee capturing
any change to the POF. A second reason why a threshold FS of 1.5 is sufficient is based
upon historical results. Historical results from Phase 1 — Kansas City Levees Feasibility
Analysis have shown that for a POF analysis with FS above 1.3, the reliability results
were still the maximum (99.8% Reliability). Historical analyses have also shown that
POF results did not vary appreciably unless the FS was lower than 1.2. This was largely
because the Standard Variation used in analysis was small compared to 0.5, and there
were only two variables in the majority of the analyses. Using FS threshold of 1.5 has
been shown reliable, theoretically and historically.
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A-12.1.5 Reliability Analysis (existing conditions only)

a. For structural features meeting the deterministic strength or stability criteria listed
above, a reliability of 99.8% was assigned. For structural features not meeting
deterministic strength and stability criterion established above, a risk and reliability
analysis was performed. The method adopted for calculating a probability of failure is
that outlined for geotechnical engineering in “Factors of Safety and Reliability in
Geotechnical Engineering”, by J. Michael Duncan, published in the Journal of
Geotechnical and Geoenvironmental Engineering, April 2000. The use of this method
provided consistency between the structural and geotechnical analyses.

b. To produce a probability of failure curve, the critical section of each feature not
meeting criteria was analyzed (factor of safety determined) using mean material strengths
and/or mean soil properties. Next, each of the parameters was varied to plus and minus
one standard deviation from the mean one at a time and the factor of safety was
recomputed. The reliability index equation from EM 1110-2-547 was used to determine
the reliability of the feature not meeting the factor of safety. The Reliability Index, 3,
assumes a lognormal distribution, and is relative to a FS equal to 1.0. Assuming the
feature started as 100% reliable, the probability of failure was determined by subtracting
the reliability from the starting reliability. A 0.2% probability of failure was used as an
appropriate non-failure threshold. If a probability of failure greater than 0.2% resulted,
then the water elevation was lowered in 1-foot increments and the feature was reanalyzed
until the probability of failure obtained was less than 0.2%.

c. The methods used are appropriate when data is normally distributed, when
parameters display a linear relationship, and when degradation over time is not a
consideration. Because of the limited availability of data and with no information to
suggest otherwise, an assumption of normal distributions for input data is reasonable and
consistent with guidance provided in ETL 1110-2-547 (paragraph B-6.c). Examples of
non-linear behavior for which the methodology should not be used include overturning
stability analysis when the resultant is outside the kern of the base. Examples of
degradation over time would include scour around piles, reactive concrete, sliding
movement, and deteriorating drainage systems that affect uplift. All available historic
data, limited site inspections, and engineering judgment do not show time dependent
deterioration of structures to be a concern for the Kansas Citys Levee Systems.

A-12.1.5.1 Risk Calculation

a. For strength calculations, mean and standard deviation were qualified for the
following: concrete and steel strengths. The selected mean and normal standard
deviation were based on engineering judgment and information published in
Reliability Based Design in Civil Engineering by Milton E. Harr and ETL 1110-
2-556.

b. For stability calculations, mean and standard deviation were qualified for the
following: soil unit weight and shear strength. The values were provided by the
geotechnical engineers. Varying concrete density had only a minor effect on the
factor of safety and therefore was not considered for the risk calculation for this
feasibility study.
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A-12.1.5.2 Structural Material Properties

a. For the screening portion of the Kansas Citys Levee Systems feasibility study the
following structural properties were used. The American Concrete Institute
recommended the use of a 3,000 psi concrete design compressive strength around the
1940’s through 1960’s, the typical timeframe of construction for most of the levee
structures in the study. For earlier concrete strengths little information exists, and 2000
psi concrete was assumed.

b. Based upon the construction time period (~1940’s — 1960°s) and the Portland
Cement Association’s pamphlet, Engineered Concrete Structures, 1997, an assumed
reinforcing steel minimum design yield strength, Fy, of 40 ksi is used for most
computations, unless known or stated otherwise. For earlier structures (1900-1940), the
Concrete Reinforcing Steel Institute’s Engineering Data Report 48 suggests 33 ksi steel
is typical.

c. Based on FEMA 310, the mean strength (or expected strength) for Risk and
Reliability calculations shall be taken as 125% of the design strength. For reinforced
concrete structures Harr suggests a 14% standard deviation.

Concrete Strength Variation (14%)
1940’s-1960’s: - =3225psi, u=3750psi, +oc =4275psi (3000 psi min)
1900’s-1930’s:  -o =2150psi, u =2500psi, +oc =2850psi (2000 psi min)
Steel Strength Variation (14%)
1940’s-1960’s:  -o =43ksi,  u =50ksi, +o = 57ksi (40 ksi min)
1900’s-1930’s:  -o = 35.5ksi, u=41.25ksi, +c =47.0ksi (33 ksi min)

A-12.1.5.3 Soil Material Properties

The soil properties used for the Kansas Citys Feasibility study structural
calculations can be found in the specific levee unit chapter. In general, the soil material
properties used came from historical documentation on the specific levee unit. Soil to
structure friction and cohesion interaction was neglected for stability and strength
calculations for pile founded floodwalls. However, for gatewells and for spread footing
founded floodwalls, this behavior was considered under geotechnical guidance. For
material variation, according to ETL 1110-2-561 and ETL 1110-2-556, the following
standard deviations are appropriate:

e Soil unit weight: 8%
e Angle of Internal Friction: 10%

For pile capacity, according to ETL 1110-2-561, the following standard deviations were
used:

e Compression 25%

e Tension 18%

A-12.1.6 Structural Analysis
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The following structural features were analyzed for the Kansas Citys feasibility
study. Features specific to only one levee unit are mentioned below briefly with feature
specifics given in the unit chapters. Features unique to a levee unit and analyzed in a
manner different than described below are also more thoroughly discussed in the related
levee unit section.

A-12.1.6.1 Floodwalls on Spread Footings

a. Spread footing floodwalls were analyzed for sliding, bearing capacity and
overturning stability, along with wall stem and foundation strengths. Each floodwall
cross-section was analyzed using the Corps of Engineers” Computer-Aided Structural
Engineering (CASE) project program CTWALL. CTWALL analyzes floodwalls and
retaining walls based on EM 1110-2-2502 Retaining and Flood Walls (Sep 89). To
estimate at-rest pressures using Coulomb’s active earth pressure equation, the SMF value
in the program was set at 2/3 (0.6667) as indicated by EM 2502 resulting in developed
shear strength values assumed to be operative in equilibrium conditions. CTWALL
computed a sliding factor of safety, percent base in compression, and maximum bearing
pressure. Sliding factors of safety and percent base in compression were then compared
to required design minimums. The ratio of bearing pressure to allowable soil bearing
capacity (supplied by geotechnical team members) was compared to allowable
maximums.

b. CTWALL output includes a free body diagram detailing the horizontal and
vertical forces acting on the wall cross section. These forces were entered into a
MathCAD worksheet developed by the Kansas City District to check shear and flexural
strengths. The failure of floodwall stems or foundations was based on a capacity/demand
ratio of less than one.

c. To report existing conditions of a floodwall not meeting the minimum strength
and stability screening criteria, a reliability analysis was conducted for the floodwall
cross section displaying the lowest (controlling) factor of safety and largest COV.
Sometimes more than one component can control for development of a POF curve at
various water surface elevations. The resulting critical cross section reliability curve was
then assigned as the representative curve for the entire reach of floodwall. For example,
if a floodwall had 5 different cross sections, Sections A through E, all having the same
varied parameters, and section C had the lowest factor of safety, the resulting reliability
curve for Section C was used to define the reliability of the entire floodwall.

A-12.1.6.2 Floodwalls on Piles

A Mathcad worksheet was used to perform the static analysis of the floodwalls on
piles. The loads applied to the walls were based on EM 1110-2-2502 Retaining and
Flood Walls (29 Sep 89). This sheet was used to generate the axial, lateral, and bending
loads required for input into the Corps” CASE computer program, Pile Group Analysis
(CPGA). In addition to the pile cap loading, CPGA required input of pile properties such
as type of material (concrete, timber or steel), the shape (square or circular), strength of
the material, cross-section and length, fixity of the piles, and soil properties. CPGA in
turn determined the combined axial bending forces on the piles. This Program assumes a
perfectly rigid pile cap. See closure’s structural analysis calculations for levee units with
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closure to discern how this program’s assumption was managed, as well as analysis of
torsion in the pile cap.

The individual pile loads output from CPGA were then used to check the pile
capacity based on soil and material strength. This included the assessment of the load
against the concrete strength capacity by calculating the pile’s interaction diagram and
also comparing the load with the soil based capacity. The governing factor of safety was
then reported.

A-12.1.6.3 Stoplog and Sandbag Closure Structures

a. For stability, stoplog closure structures were analyzed in a manner similar to
floodwalls (outlined previously). Included in the strength analysis were the stoplog
strength, the slots for the stoplogs and the posts (when applicable).

b. Routine levee inspections of sandbag gaps have revealed no foundation slab
issues for the Kansas Citys units. Strength and stability calculations were not performed
for sandbag closure structures. If strength or uplift concerns are experienced during flood
events, it can reasonably be assumed that flood fighting efforts (additional sandbags)
would be successful in addressing any uplift problems.

A-12.1.6.4 Pump Stations
See pump station specific chapters.

A-12.1.6.5 Gatewells, Reinforced Concrete Boxes, and Drainage
Structures

Gatewells and other drainage closure structures were all analyzed in a manner
similar to the pump station evaluations. MathCAD worksheets evaluated floatation
stability and structural component strengths. Because of the length to width aspect ratios
of these structures, plate mechanics were not used. Instead wall and floor component
capacities were assessed using one-way beam analysis. The CENWK Local Protection
Guidance and EM 1110-2-3104, Appendix B were used to determine the uplift forces for
these structures with the exception of vertical resistance mobilized by friction along the
exterior face of the structure. Side friction was considered. An effective lateral load that
contributes to side friction was calculated and was used to determine an assumed side
friction resistance to uplift. Geotechnical engineers provided the hydraulic grade lines
and bottom of blanket elevations at the structure location so that the uplift forces could be
calculated. For structures not meeting the screening factors of safety for strength and
stability, reliability analysis was conducted.

Strength analysis of each gatewell began with a generalized conservative
approach to expedite the process. This initial check considered the load at the base to be
acting on the typical section just above the opening for the pipe. This is conservative
because at the base an opening typically exists in two walls and all four walls are detailed
specially for that reason. Therefore, the load in the initial analysis on the section just
above the opening is actually too high. Also, the walls just above the base slab will be
supported by that slab and will act in a two-way mode rather than a one-way. If this first
check gave acceptable results, no further refinement was necessary.

If the initial check did not produce desirable results, the analysis for the typical
box section (just above the opening) was reanalyzed for the actual load acting at that
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elevation. The walls without openings were then checked as simply supported beams
near the base. In cases with large openings, this refinement was often required as the
large openings require long walls and resulting gatewells with high aspect ratios. The
long walls have openings at the base and do not exist until above the opening while the
shorter perpendicular walls form at the base. In such a case, the short walls typically
have special reinforcement below the top of the opening in the long walls because they
behave more like a simply supported member.

Reinforced concrete boxes were analyzed using the Corps” CASE computer
program, for design or investigation of orthogonal culverts (OCRTCUL).

For pipes associated with gatewells, such as RCP, DIP, and CIP, available
information and research was used to make recommendations. Generally, the pipe
material, the invert elevation, and the size were known, but often little else. In that case,
recommendations were made using available information and engineering judgment.
Specifics are given in the unit chapters. In addition to a proposed action, detailed
inspections will be recommended for all pipes during PED.

A-12.2 Structural Considerations in Raise Alternatives

Below is a list of the primary raise alternatives with corresponding structural
implications. The list is in order of preference at locations with an existing levee and an
existing floodwall.

Existing Levee:
1. Levee Raise.
a. Raises soil and water loads on gatewells and pipes.
b. May require a retaining wall at landside toe.
2. T-wall on existing levee.
a. Used to lessen footprint as required by site constraints.
b. Impacts gatewells and pipes by water load only (no additional soil).
3. Floodwall.

a. Required when T-wall on levee requires a stability berm but the real estate
is unavailable (reduces global stability concerns by removing some or all
of existing levee material).

b. Will have negligible impact on pipes as existing soil is removed at the
maximum fill location.

Existing Floodwall:
1. Remove and replace floodwall with levee.
a. Unlikely due to site constraints.
b. Will have significant soil load increase on pipes.
2. Use existing floodwall as retaining wall to lessen footprint of landside levee.
a. Reduces impact of a landside levee raise.
b. Floodwalls are not typically designed to be loaded from the landside and
have little ability to retain landside soil.
c. Requires removal of stem above landside soil to allow for water
movement.
d. May have large impact on pipes (large increase in soil loads)
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3. Raise existing floodwall.
a. Previous experience has shown that this is more economical than
replacement when work is not required on the foundation.
b. Impacts pipes and gatewells due to raisedwater load.
4. Replace existing floodwall with a new floodwall
a. Nearly equivalent cost to major modification (those requiring foundation
work in addition to stem modification) based on Phase 1 estimates.

New Levee

Remove stem
as required

Riverside

Figure A-12-1: Floodwall Acting as Retaining Wall

A-12.3 Example Calculations
Example calculations can be found in the General Structural Exhibits
accompanying this chapter.
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General Structural Exhibits

Exhibit

Number Description
1 Spread Footing Floodwall Sample Calculations
2 Pile Founded Floodwall Sample Calculations
3 Gatewell Sample Calculations
4 Stoplog Gap Sample Calculations




General Structural Exhibit 1:
Spread Footing Floodwall Sample Calculations



CID-MO Flood Unit Comp by:KSM AUG-2011
Floodwall Analysis for 12" floodwall on spread  Chkd by:
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Variables

Kip, == 1000Ib plf -= % psf = I—t; ksf = &(Z)Ib == ksi = &(Z)Ib Ret
ft ft in in
CTWALL INPUT FILE NAME: CIDMO12.0UT

Elevation of top of stem (ELTS)......ccccuvevireeeriiiiiiiieieee e ELTS := 12ft

Height of stem (HTS)....cooiiiieee e HTS := 10.5ft

Thickness of SteM (TTS)....uuuuiiiieee e TTS = 1ft

Thickness bottom of stem (TBS).......ccvvveieiiiiiiiiiiiiieeee e TBS := 1.541667ft

Dist. of batter at bot.of stem (TBSR)..........ccccvvvivieieeerieiiiiieeenn, TBSR := 0.541667ft

Depth of heel (THEEL).......ccvviiiiieee e THEEL := 1.5ft

Distance of batter for heel (BTRH)........cccvvvvvieeiiiiiiiiieieeee e BTRH := Oft

Depth of t0€ (TTOE).....uuuiiiiieee e TTOE := 1.5ft

Width of t0€ (TWIDTH)....cecvieiieeereceeee et TWIDTH := 3.5ft

Distance of batter for toe (BTRT).....cceeeviiiciiiiiieeieeeeeeseiiiieeeeeeenn BTRT := Oft

Width of base (BWIDTH)........cccuviiiiiieee e BWIDTH := 11.5ft

Depth of key (HK)......eeiieieiieeee e HK := Oft

Width of bottom of Key (TK).....evveerieiiiiiiiiieeee e TK := Oft

Dist. of batter at bot. of key (BTRK)........cuuvvieeeiiiiiiiiiiieeeee e, BTRK := Oft

Driving side soil elevation (ELSTDS).......cccoovviiiviiiireeeeeeisecivineen, ELSTDS := 5.25ft

Resisting side soil elevation (ELSTRS).......cccccvviieeeiiivciiiiieieeeeeene ELSTRS := 6.25ft

Driving side water elevation (WATELD)..........ccoovevciiiiieieeeeeiiiinnns WATELD := 12ft

Resisting side water elevation (WATELR)........ccccocvvvveeeeeviiiiinnn, WATELR := 6.25ft

A= WATELD - ELSTDS G=TBS

B:= HTS - (ELTS — ELSTDS) H=TWIDTH

&= THEEL = TTOE + BTRT

D:=TK J=HTS — (ELTS — ELSTRS)

E:= BTRK L= ELTS — ELSTRS

JF:=BWIDTH — (TWIDTH + TBS + BTRK + TK) M:=TTS
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Properties M = 1ft

=
f —=%
Concrete Weight  ~ . := 150pcf
L =5.75ft Soil Weight ~ = 115pcf
A=6.75ft Water Weight Yy = 62.4pcf
1 NN\ 222N\ Z o ARTTIR
J=4.751t
B = 3.75ft
# -+
| = 1.5ft
C = 15ft -
-
T b
1 2" A
D=0 E=0 F=646ft G=154ft H=35ft
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CIDMO12.0UT

Echoprint of Input Data

Date: **/08/02 Time: 14.33.26

JANUARY 11, 2008
CIDMO12.DAT

Company name:
USACE
Project name:
KANSAS CITY LEVEES FEASIBILITY STUDY PHASE 2
Project location:
CID-MISSOURI
Wall location:
12-FOOT WALL
Computed by: KSM

Structural geometry data:

Elevation of top of stem (ELTS) = 12.00 ft
Height of stem (HTS) = 10.50 ft
Thickness top of stem (TTS) = 1.00 ft
Thickness bottom of stem (TBS) = 1.54 ft
Dist. of batter at bot. of stem (TBSR)= .54 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 3.50 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 11.50 ft
Depth of key (HK) = 00 ft
Width of bottom of key (TK) = 00 ft
Dist. of batter at bot. of key (BTRK) = 00 ft

Structure coordinates:

x (o) y (fH

.00 .00

.00 1.50
6.46 1.50
6.46 12.00
7.46 12.00
8.00 1.50
11.50 1.50
11.50 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf

Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kch) (deg) (fv)
22.00 .000 .110 .115 .00 5.25

Driving side soil geometry:

Soil Batter Distance
point (in:1fb) (o)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X y
point (fv) (fv)
1 -1493.54 5.25
2 6.46 5.25

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. soil Batter
(deg) (ksT) (kcf) (kcf) (fv) (in:1ft)
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22.00 .000 .110 .115 6.25 .00

Resisting side soil profile:

Soil X y
point (fv) (fv)
1 7.76 6.25
2 507.76 6.25

Foundation property data:

phi for soil-structure interface = 22.00 (deg)
c for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 22.00 (deg)
c for soil-soil interface = -.000 (ksft)
Water data:

Driving side elevation = 12.00 ft

Resisting side elevation = 6.25 ft

Unit weight of water = .0624 kcf

Seepage pressures computed by Line of Creep method.

Minimum required factors of safety:

Sliding FS = 1.30

Overturning = 25.00% base in compression
Crack options:

o Crack *is* down to bottom of heel

o Computed cracks *will* be filled with water

User input failure angle data:
Failure angle of wedge 2 = .00 deg

Strength mobilization factor = .6667

At-rest pressures on the resisting side *are used*
in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.

*xxxkx Summary of Results *****
JANUARY 11, 2008
Project name: KANSAS CITY LEVEES FEASIBILITY STUDY PHASE 2

KAhAhkAhkAhkAhkAhkAhkhhhhhikx *kk Sat i Sfi ed E

* Qverturning * Required base in comp. = 25.00 %

iiaiaiaiaiaiaioialaiaiaiaioted Actual base in comp. = 71.56 %
Overturning ratio = 1.19

Xr (measured from toe) = 2.74 ft

Resultant ratio = .2385

Stem ratio = .3043

Base pressure at x= 8.23 ft from toe = -0000 ksf

Base pressure at toe = 1.0739 ksf

*** Warning *** The maximum available shear along the
base of the structure has been exceeded!

* Sliding * Min. Required = 1.30
sisiaiaieioioiaiaiaiel Actual FS = 1.12

To increase stability try one or a combination
of the following:

1. Increase the base width

2. Slope the base of the structure

3. Lower the wall base

4. Add a key

Output Results

Date: **/08/02 Time: 14.33.26

JANUARY 11, 2008
CIDMO12.DAT

Company name:
USACE
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Project name:

KANSAS CITY LEVEES FEASIBILITY STUDY PHASE 2
Project location:

CID-MISSOURI
Wall location:

12-FOOT WALL
Computed by: KSM

** Qverturning Results **

Solution converged In 6 iterations.

SMF used to calculate K"s = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .6254
Resisting side at rest Kc = .7908

At-rest K"s for resisting side calculated.

Depth of cracking = 5.25 ft
Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:
Elevation Pressure

(ft) (kst)
12.00 -0000
.00 .7488

** Resisting side pressures **

Water pressures:
Elevation Pressure

(fv) (ksf)
6.25 .0000
.00 .5163

Earth pressures:
Elevation Pressure

(ft) (kst)
6.25 -0000
.00 .1266

** Uplift pressures **

Water pressures:

X-coord. Pressure
(o) (kst)

.00 .7488

3.27 .7488

11.50 .5163

** Forces and moments **

Part | Force (kips) ] Mom. Arm | Moment |
] Vert. | Horiz.| (fo) | fe-k) |

Structure:

Structure weight........... 4.588 -5.16 -23.67
Structure, driving side:

Moist soil ... ... . ... ...... .000 .00 .00

Saturated soil..__._._..__._._.. 2.786 -8.27 -23.04

Water above structure...... .000 .00 .00

Water above soil........... 2.721 -8.27 -22.50

External vertical loads.... .000 .00 .00

Ext. horz. pressure loads.. -000 .00 .00

Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:

Moist soil ... ... . ... ...... .000 .00 .00

Saturated soil.._.__..___._.. 1.979 -1.81 -3.58

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00
Driving side:

Effective earth loads...... .000 .00 .00

Shear (due to delta)....... .000 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water loads................ 4.493 4.00 17.97

Resisting side:
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Effective earth loads...... -.396 2.08 -.82
Water loads................ -1.614 2.08 -3.36
Foundation:
Vertical force on base..... -4.419 -2.74 12.12
Shear on base.............. -2.484 .00 .00
Uplift. oo .. -7.654 -6.13 46.89
** Statics Check **  SUMS = .000 -000 .00
Angle of base = .00 degrees
Normal force on base = 4.419 kips
Shear force on base = 2.484 Kips
Max. available shear force = 1.785 Kkips
*** Warning *** The maximum available shear along the
base of the structure has been exceeded!
Base pressure at x= 8.23 ft from toe = .0000 ksf
Base pressure at toe = 1.0739 ksf
Xr (measured from toe) = 2.74 ft
Resultant ratio = .2385
Stem ratio = .3043
Base in compression = 71.56 %
Overturning ratio = 1.19
Volume of concrete = 1.13 cubic yds/ft of wall
NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.
** Sliding Results **
Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 4.493 2.721
3 .000 -000
Water pressures on wedges:
Top Bottom
Wedge press. press. X-coord. press.
number (kst) (kst) (fv) (kst)
1 .0000 -0000
2 .0000 .7488
2 3.2703 .7488
2 11.5000 .5163
3 .0000 -5163
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 11.50 ft, y = .00 ft
Depth of cracking = 5.25 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (fov) (kips) (fov) (kips)
1 .000 -000 .000 -000 .000
2 .000 11.500 9.352 11.500 7.655
3 35.090 10.872 3.197 10.872 2.807
Wedge Net force
number (kips)
1 .000
2 -2.897
3 2.897
SUM = .000
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Sy +
| Factor of safety = 1.119 |
Ry +
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Loading from CTWALL Output

%;
Soil Water
N/ X7 N
| Pgp = 0.1266ksf Py = 0.5163ksf
Water / P2 := 0.5163ksf
Py = 0.749ksf Lgp = 8.23ft Pso = 0.1266ksf Pw3 = 0.5163ksf
PBPa = Oksf |

Bearing Pressure
9 Pgp = 1.0739Ksf

Uplift Pug = 0.5163ksf

Assumptions

e Concrete and reinforcing strengths were not specified in the
documents found. However, modifications to the CID-KS unit
was under construction/design at the same time as the
construction/design of the CID-MO unit. Therefore, itis a
reasonable assumption to make that the same material
strengths would be specified for CID-MO. The CID-KS design
memorandum specifies the concrete strength and reinforcing

steel properties as listed here:

Concrete Properties f. := 3000-psi

Steel Properties Fy := 36ksi

Floodwall Analysis Page 4 of 14
12ft Floodwall Strength Check.xmcd
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Load & Resistance Factor Design

Strength Reduction Factors
Note: Strength Reduction Factors (.85 for
shear, 0.90 for bending) and Load Factors (1.6
Flexural Strength ¢g =10 live load and 1.3 for hydraulic structures) not
applied in analysis of existing conditions.

Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Factor EM 1110-2-2104 (3-2)

Shear Strength by =10

Load Factors
Dead and Live Load Factor  ~ = 1.0

Hydraulic Load Factor Yy =10
Short Duration (Extreme Condition) EM

Extreme Case Factor vy = 1.0 1110-2-2104 (3-4)
Reinforcement Checks © Location where moment is
- HEEL taken about.
Water ' Y Y Wy = YA D+ E+F) "
le D+E+F ol - =
[ 'I W, = 2720 ft
Wg:=~-B-(D+E+F)
Soil ¥ 1 L Ib
W, = 2785.16 o
in?
AHeell = 049? CCHl := 3.375in
@ 2 dh1= 1= Cchy
A ir .
Slab AHee|2 :=0.133 _f CCH2 = 3.25in
dhz == Cch2
i
G+H
Pus = (Puz - Pue)'(mj + Pus
Bos Pus
Uplift Ib
U Pus = 618.32—2
Pus Leps ft
— ,
ﬂm Lgpy = if[[Lgp — (G + H)| 2 0ft.[Lgp - (G + H)].0]
Bearing Pressure, Pgp, acting on the heel at Lgpy = 3.191t
location "A" :
L Lgpt-(PRp — P
, BP1 BP1 ( BP BPa)
PBPl = if LBP<(D+E+F+G+H),L—'PBP,PBPa+ L
BP Ib BP
. Pgpy = 416 —
Slab Centroid f#2
D+E+F D C-1)E 2-E
(D+E+ F)-I«(%) +(C- I)~D~(E +F+ Ej + [%J(F + T)
(D+E+F):-1+(C-1)D+ C-)E
Floodwall Analysis Page 5 of 14 12/16/2011
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- HEEL check (cont'd)
Slab Weight

3 (C-1)-E
Wi = [(D+E+F)-I+(C—I)-D+—2 -150pcf WH:1453%

Uplift Centroid

le D+E+F N
€

AREA CENTROID
AA:(D+E+F)PU4 CA:: D+E+F
2
F(Puz - Pus)
Agi= ——— oy 2F
2 B~ 3
Ac = E(Py3 - Pus)
CC =F+—=
E-(Puz — Pu3)
Ap=——— _ 2-E
2 CD =F+ ?
Ag = D-(Pyp — Pyy) D
Ce=|—-+E+F
D-(Py1 - Pug)
Ap = f 2.D
Cp=|—/—+E+F
3
AA+AB+AC+AD+AE+AF
. Ib
Uplift on Heel W= Ap + Ag + Ac + Ap + Ap + Ap Wy = 4415E
Floodwall Analysis Page 6 of 14
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- HEEL check (cont'd)

Pap1-Lppy L
BP1'-BP1 LBP1 D+E+F
My, = A{L.A{HWX{WU.XU + : - [(WW + Ws)-(T) + WH~XHH

Loading:
Bending
2 3
ft-Ib
My = -7053.44.-— M
Positive Sign ft
Convention

p .L MuH =71——
Vy, = 1880 01E V= |v | kip
H i uH = [YH Vip = 19
Capacity: Flexural Capacity
As1 = Axeell As2 = Areel2
b= 120 b= 120
ft M ft
F F
e LYY ssin e o2 tein
0.85f b 0.85f ;b
) al ) a2
My = bg Ay Fy| dHy — Mpp = bg A Fy| Al —
kip-ft kip-ft

M, q = 21.08-——
dMpyq R

OMyy = if (M > 0,0Mpyp, &Myyg )

Note:
uH = |MH| IF: M is<0

THEN: Steel in top of heel is in tension

My, = 5.85-——
*Mpp R

ip- ft

My = 21.08-——
oMy i

Shear Capacity
(')Vcl = d)v2de1 'flc'pSi

Ib
¢Vq = 19225 w

(')VCZ = d)v2de2 'flc'pSi

Ib
¢Vo = 19389 w

OV = if(Myy > 0, 6Vep. 6V¢1) OV = 19,23.%
Floodwall Analysis Page 7 of 14
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- HEEL check (cont'd)

Factors of Safety

Kip-ft
Bending ®MH=21.08-—— ce . M
1=
ip- M _
My = 7.05 Kip-ft uH FSq =299
ft

Checkl := if (¢M}y > 1.5M;, "OKAY","NO GOOD" )

kip
Shear GV =19.23-—= dVhy

Checkl = "OKAY"

FS, = 10.23

Check? := if (6Vyy > 15V, "OKAY","NO GOOD" ) N ————

Controlling Factor of Safety
FSpy:= min(FSq,FS,) FSy = 299

Controlling Mechanism

Commenty = if(FSl > FS,,"Shear in Heel" ,if(MH > 0, "Flexural Bottom Steel in Heel" , "Flexural Top Steel in Heel" ))

Commenty, = "Flexural Top Steel in Heel"

Floodwall Analysis Page 8 of 14 12/16/2011
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- STEM Check Water

Soil Water
Note:
P, = Soil pressure present
at base of stem
P..so = Water pressure
present at base of stem
Pws1 = (A+ B)yy,
Ib
Pws1 = 655 - O
ft 2 2 J J
in in Pee:= —-P Py = —-P
Agtem1 = 0,35? Astem2 = (),2F s Ly sL Tws2 o ywl
Ib Ib
Ccgp = 2.8125in  Cgp = 2.75in Pss = 90.22 ; Pws2 = 392'39;
, dsp=G-Ccsy  dsp= G- Ces2
Loading:
Bending
Mo Pust(A+B) A1 (Pss+ Pus2) @) J| Note:
S ILHAX > 3 2 3| IFMgis>0
THEN: Riverside steel is in tension
ft-Ib M o= |M :
= —_— us S .
Positive Sign Mg = 10201.9 ft | | My = 10.2.@
Convention ft
Shear
Pws1 (A + B) (PSS + PW52)~(J)
2 2
: Kip
Ve = 2,285 Vys = | Vs Vus = 23—~
S fi
Floodwall Analysis Page 9 of 14 12/16/2011
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- STEM Check (Cont'd)

Capacity:
Flexural Capacity
Asa= Asteml Asa/= Astem?
b= 12m b= 12m
-F F
e oI oarin e 22 o Gakin
MV 0.85f b MW 0.85f b
. al . a2
$Msy = bgAgyFy| ds1 = $Msp = bg ApFy| dsp =
kip-ft kip-ft
dMgy = 16.26~T dMgy = 9.38~T
$Mg = if (Mg > 0,dMg;.dMg)) dMg = 16.26~%
Shear Capacity
b b
OVeq = 20622 — bV = 20704
$Vg = if (Mg > 0,0V(1. dVep) =
$Vg = 20.62-—
ft
Factors of Safety
Bendi ip-
ending oM = 16.26-k|pﬁ Mg
ft o
FSg:= v
Mg = 102 kip-ft us FSg =159
Check3 := if (¢Mg > 1.5M,,g,"OKAY","NO GOOD" ) Check = "OKAY"
Sh i
ear (")VS — 2062@ d)VS
ft >
FSy = v
kip us
Vus =228~ FS, = 9.05
Check4 := if (¢Vg > 1.5V|;g,"OKAY","NO GOOD" ) Checkd = "OKAY"

Controlling Factor of Safety
FSg := min(FS3,FS,) FSg = 1.59

Controlling Mechanism

D

Floodwall Analysis Page 10 of 14
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- TOE Check

= . . Ib
w \ Mo = TH ) W, = 1911.87 —
Soil ) ft
AToel — 029% CCTl := 3.375in
Slab - dry=1-Ccty
in- C = 3.25in .
. A = 0133 — ~CT2 d+q = 14.63-in
LBP2 = |f(H < LBP, H, LBP) Toe2 ft T1
Bearing i -ep2 = 250 drp:=1-Ccr2
Prpo .
P BP2 Ib - :
ressure Pgp = 107392 dT2 14.75-in
2
L Pap — P
. BP2 BP ~ "BPa Ib
ft
Ib
Pue = 516.3 -
ft
Uplift
Pus = || (Pus - Pue)'L +Pue
F+G+H
Ib
Pus = 587.12—2
_ ft
Bearing Pressure
Lep2) (PP~ Pep2)(LeP2) (2Lep
(Lep2PBP2) >t 5 173
Lb = Lb = 276ft
P (Psp — PeP2)(LBP2) P
Lgp2-PBP2 + >
Ppp — P (L
( BP BP2) ( BPZ) Ib
Uplift H (Pus—Pus)H H
H-Pyg— + — 3
Ly = L, = 1711t
(Pus — Pug) H
2
Piie — Pyje)-H
(Pus — Pug) Ib
W, = H-P g — W, = 1930.99;

Floodwall Analysis Page 11 of 14 12/16/2011
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Toe Check (continued)

Loading: Bending Note:
H IF: M+ <0
Mo e e i Wo + (H D~ — — (WL + W, L T
T ALY “fx[[ s (H-D ”fc] > ( bp -bp u U)} THEN: Bottom steel is in tension
Kip-ft
M+ =-6.7—— .
T = .
f Myt = [Mr] Myt = 5.75~%
Positive Sign
Convention Shear
V1= “{L'“fH'”fX'[Ws + (HD)-ve = Wpp = Wu]
kip — !
V1= —2.19-? Vit = |VT| Vur = 2'19.%
Capacity:
Flexural Capacity
A= Aoy As2= AToe2
b = 12m b - 122
b - A ft
o AgyF
al e S Y al = 0.34-in e 2y a2 = 0.16-in
MW 0.85f'c'b W 0.85f'c-b
' al : z
M1y = dgAs Pyl T - M2 = dg Ay Fy| dr2 =
dMTq = 12.55. Kip-Tt ¢Mrz = 550
- ft
OMT = if (Mg > 0, oMy, oM7) oMy = 585
Shear Capacity
Neai= Oy 2bdry [Fops D¥oai= dy-2b-dyy [Fepsi
n Ib
$Voy = 192252 PVop = 19989

: ki
GVr = if(My > 0,0V 0Vp) @V = 19.23-?'D

Floodwall Analysis Page 12 of 14
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Toe Check (continued)

Factors of Safety

Bendi .
ending oM = 5.85. kip-ft M1
ft FSg =
Kip-ft > Myr
My = 6.75-—— FSg = 0.67
Checks := if (¢M > 1.5:M 7, "OKAY","NO GOOD" ) GiahE - 0 GO0
Sh i
T vy = 102340 v
kip ® VuT
Vur = 2195 FSg = 8.77
Check := if (V- > 15V,1,"OKAY","NO GOOD" ) Gzl = RN
Controlling Factor of Safety
FS = min(FSg5.FSg) FS7 = 087

Controlling Mechanism

Commenty := if(FS5 > FSg, "Shear in Heel" ,if(MT > 0, "Flexural Top Steel in Toe" , "Flexural Bottom Steel in Toe" ))
Commenty = "Flexural Bottom Steel in Toe"

Floodwall Analysis Page 13 of 14
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Overall Factor of Safety (without considering multiple layers of steel)
Factor of Safety

FoS := min(FSy,FSg,FSt)

Limiting Mechanism

Mechanism := Commenty,
Mechanism := if(FoS = FSS,CommentS,Mechanism)
Mechanism := if(FoS = FST,CommentT,Mechanism)
FoS = 0.87
Mechanism = "Flexural Bottom Steel in Toe"
It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be

acceptable when using unfactored loads and unreduced strengths for analysis. If the
factor of safety is lower than 1.5 a probablility analysis is required.

Floodwall Analysis Page 14 of 14 12/16/2011
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CID-MO Flood Unit Comp by:KSM 3-18-08
Floodwall Analysis for 12" floodwall on spread  Chkd by:

footings - Page 38 of Record Drawings water 1ft down from
US Army Corps

of Engineers. Kansas Citys Levees

top for POF analysis
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Typical Section from 1946 Record Drawings

Floodwall Analysis
12ft Floodwall Strength
CheckforPOF.xmcd
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Variables

Kip, == 1000Ib plf -= % psf = I—t; ksf = &(Z)Ib == ksi = &(Z)Ib Ret
ft ft in in
CTWALL INPUT FILE NAME: CIDMO121.0UT

Elevation of top of stem (ELTS)......ccccuvevireeeriiiiiiiieieee e ELTS := 12ft

Height of stem (HTS)....cooiiiieee e HTS := 10.5ft

Thickness of SteM (TTS)....uuuuiiiieee e TTS = 1ft

Thickness bottom of stem (TBS).......ccvvveieiiiiiiiiiiiiieeee e TBS := 1.541667ft

Dist. of batter at bot.of stem (TBSR)..........ccccvvvivieieeerieiiiiieeenn, TBSR := 0.541667ft

Depth of heel (THEEL).......ccvviiiiieee e THEEL := 1.5ft

Distance of batter for heel (BTRH)........cccvvvvvieeiiiiiiiiieieeee e BTRH := Oft

Depth of t0€ (TTOE).....uuuiiiiieee e TTOE := 1.5ft

Width of t0€ (TWIDTH)....cecvieiieeereceeee et TWIDTH := 3.5ft

Distance of batter for toe (BTRT).....cceeeviiiciiiiiieeieeeeeeseiiiieeeeeeenn BTRT := Oft

Width of base (BWIDTH)........cccuviiiiiieee e BWIDTH := 11.5ft

Depth of key (HK)......eeiieieiieeee e HK := Oft

Width of bottom of Key (TK).....evveerieiiiiiiiiieeee e TK := Oft

Dist. of batter at bot. of key (BTRK)........cuuvvieeeiiiiiiiiiiieeeee e, BTRK := Oft

Driving side soil elevation (ELSTDS).......cccoovviiiviiiireeeeeeisecivineen, ELSTDS := 5.25ft

Resisting side soil elevation (ELSTRS).......cccccvviieeeiiivciiiiieieeeeeene ELSTRS := 6.25ft

Driving side water elevation (WATELD)..........ccoovevciiiiieieeeeeiiiinnns WATELD := 11ft

Resisting side water elevation (WATELR)........ccccocvvvveeeeeviiiiinnn, WATELR := 6.25ft

A= WATELD - ELSTDS G=TBS

B:= HTS - (ELTS — ELSTDS) H=TWIDTH

&= THEEL = TTOE + BTRT

D:=TK J=HTS — (ELTS — ELSTRS)

E:= BTRK L= ELTS — ELSTRS

JF:=BWIDTH — (TWIDTH + TBS + BTRK + TK) M:=TTS

Floodwall Analysis Page 2 of 14
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Properties M = 1ft

=
f —=%
Concrete Weight  ~ . := 150pcf
L =5.75ft Soil Weight ~ = 115pcf
A =575ft Water Weight Yy = 62.4pcf
1 NN\ 222N\ Z o ARTTIR
J=4.751t
B = 3.75ft
# -+
| = 1.5ft
C = 15ft -
-
T b
1 2" A
D=0 E=0 F=646ft G=154ft H=35ft
Floodwall Analysis Page 3 of 14 12/16/2011
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CIDMO121.0UT

Echoprint of Input Data

Date: **/08/02 Time: 15.43.39

JANUARY 11, 2008
CIDMO12.DAT

Company name:
USACE
Project name:
KANSAS CITY LEVEES FEASIBILITY STUDY PHASE 2
Project location:
CID-MISSOURI
Wall location:
12-FOOT WALL
Computed by: KSM

Structural geometry data:

Elevation of top of stem (ELTS) = 12.00 ft
Height of stem (HTS) = 10.50 ft
Thickness top of stem (TTS) = 1.00 ft
Thickness bottom of stem (TBS) = 1.54 ft
Dist. of batter at bot. of stem (TBSR)= .54 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 3.50 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 11.50 ft
Depth of key (HK) = 00 ft
Width of bottom of key (TK) = 00 ft
Dist. of batter at bot. of key (BTRK) = 00 ft

Structure coordinates:

x (o) y (fH

.00 .00

.00 1.50
6.46 1.50
6.46 12.00
7.46 12.00
8.00 1.50
11.50 1.50
11.50 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf

Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kch) (deg) (fv)
22.00 .000 .110 .115 .00 5.25

Driving side soil geometry:

Soil Batter Distance
point (in:1fb) (o)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X y
point (fv) (fv)
1 -1493.54 5.25
2 6.46 5.25

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. soil Batter
(deg) (ksT) (kcf) (kcf) (fo) (in:1ft)

Page 1



CIDMO121.0UT
22.00 .000 .110 .115 6.25 .00

Resisting side soil profile:

Soil X y
point (fv) (fv)
1 7.76 6.25
2 507.76 6.25

Foundation property data:

phi for soil-structure interface = 22.00 (deg)
c for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 22.00 (deg)
c for soil-soil interface = .000 (ksf)
Water data:

Driving side elevation = 11.00 ft

Resisting side elevation = 6.25 ft

Unit weight of water = .0624 kcf

Seepage pressures computed by Line of Creep method.

Minimum required factors of safety:

Sliding FS = 1.30

Overturning = 25.00% base in compression
Crack options:

o Crack *is* down to bottom of heel

o Computed cracks *will* be filled with water

User input failure angle data:
Failure angle of wedge 2 = .00 deg

Strength mobilization factor = .6667

At-rest pressures on the resisting side *are used*
in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.

*xxxx Summary of Results *****
JANUARY 11, 2008
Project name: KANSAS CITY LEVEES FEASIBILITY STUDY PHASE 2

KAhAhkAhkAhkAhkAhkAhkAkAhhhikx E Sati Sfi ed E
* Qverturning * Required base in comp. = 25.00 %
iiaiaiaiaiaiaioiolaiaiaiaioiod Actual base in comp. = 99.23 %
Overturning ratio = 1.34
Xr (measured from toe) = 3.80 ft
Resultant ratio = .3308
Stem ratio = .3043
Base pressure at x= 11.41 ft from toe = -0000 ksf
Base pressure at toe = .8539 ksf
*khkhkhkkhkkhkkhkhkkhkkhkk *k*k Sat i Sfi ed EE
* Sliding * Min. Required = 1.30
Output Results
Date: **/08/02 Time: 15.43.39

JANUARY 11, 2008
CIDMO12.DAT

Company name:
USACE
Project name:
KANSAS CITY LEVEES FEASIBILITY STUDY PHASE 2
Project location:
CID-MISSOURI
Wall location:
12-FOOT WALL
Computed by: KSM

** Qverturning Results **
Page 2



CIDMO121.0UT

Solution converged In 4 iterations.

SMF used to calculate K"s = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .6254

Resisting side at rest Kc = .7908
At-rest K"s for resisting side calculated.

Depth of cracking = 5.25 ft
Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:
Elevation Pressure

(o (ks)
11.00 -0000
.00 .6864

** Resisting side pressures **

Water pressures:
Elevation Pressure

(o (kst)
6.25 -0000
.00 .4944

Earth pressures:
Elevation Pressure

(o (ks)
6.25 0000
.00 .1403

** Uplift pressures **

Water pressures:

X-coord. Pressure
(fv) (ksf)

.00 .6864

.09 .6864

11.50 .4944

** Forces and moments **

Part | Force (Kips) | Mom. Arm | Moment |
] Vert. | Horiz.| (fv) | (fe-k) |

Structure:

Structure weight.._..__._._.. 4.588 -5.16 -23.67
Structure, driving side:

Moist soil... ... ... ... ..... .000 .00 .00

Saturated soil...... ... .... 2.786 -8.27 -23.04

Water above structure...... .000 .00 .00

Water above soil...._.._._. 2.318 -8.27 -19.17

External vertical loads.... .000 .00 .00

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:

Moist soil... ... ... ... .... .000 .00 .00

Saturated soil.... ... ... ... 1.979 -1.81 -3.58

Water above structure...... .000 .00 .00

Water above soil...._.._._. .000 .00 .00
Driving side:

Effective earth loads...... .000 .00 .00

Shear (due to delta)....... .000 .00 .00

Horiz. surcharge effects... -000 .00 .00

Water loads................ 3.775 3.67 13.84
Resisting side:

Effective earth loads...... -.439 2.08 -.91

Water loads................ -1.545 2.08 -3.22
Foundation:

Vertical force on base..... -4.872 -3.80 18.53

Shear on base.............. -1.792 .00 .00

Uplhift.o ..o .. -6.798 -6.06 41.22
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
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Normal force on base
Shear force on base
Max. available shear

Base pressure at x=
Base pressure at toe

Xr (measured from to
Resultant ratio

Stem ratio

Base in compression
Overturning ratio

Volume of concrete =

NOTE:

11.41 ft from toe

3.80 ft
-3308
.3043
99.23 %

1.34

e)

CIDMO121.0UT

-0000 kst
.8539 kst

1.13 cubic yds/ft of wall

The engineer shall verify that the computed

bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential

the wall foundation.

**

Sliding Results

**

Solution converged.

settlement of

Summation of forces = 0.

Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 -000 -000
2 3.775 2.318
3 .000 -000

Water pressures on wedges:

Top Bottom
Wedge press. press. X-coord. press.
number (kst) (kst) (fo) (kst)
1 .0000 -0000
2 .0000 .6864
2 -0890 .6864
2 11.5000 -4944
3 .0000 .4944
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 11.50 ft, y = .00 ft
Depth of cracking = 5.25 ft

Crack extends to bottom of base of structure.

Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (fv) (kips) (o) (kips)
1 .000 -000 .000 -000 .000
2 .000 11.500 9.352 11.500 6.798
3 38.558 10.027 2.818 10.027 2.479
Wedge Net force
number (kips)
1 .000
2 -2.652
3 2.652
SUM = -000
T +
| Factor of safety = 1.753 |
e __ +
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Loading from CTWALL Output

%;
Soil Water
N/ X7 N
| Pgq := 0.1403ksf Py = 0.4944ksf
Water / P2 = 0.4944ksf
Py = 0.6864ksf Lgp = 11.41ft Pgo := 0.1403ksf Py3 = 0.4944ksf
PBPa = Oksf |

Bearing Pressure
9 Pgp = 0.8539Ksf

Uplift Pug = 0.4944ksf

Pus = 0.6864ksf

Py = 0.686akst U2 i~ 0.6864ksT

Assumptions

e Concrete and reinforcing strengths were not specified in the
documents found. However, modifications to the CID-KS unit
was under construction/design at the same time as the
construction/design of the CID-MO unit. Therefore, itis a
reasonable assumption to make that the same material
strengths would be specified for CID-MO. The CID-KS design
memorandum specifies the concrete strength and reinforcing

steel properties as listed here:

Concrete Properties f. := 3000-psi

Steel Properties Fy := 36ksi

Floodwall Analysis Page 4 of 14
12ft Floodwall Strength
CheckforPOF.xmcd
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Load & Resistance Factor Design

Strength Reduction Factors
Note: Strength Reduction Factors (.85 for
shear, 0.90 for bending) and Load Factors (1.6
Flexural Strength ¢g =10 live load and 1.3 for hydraulic structures) not
applied in analysis of existing conditions.

Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Factor EM 1110-2-2104 (3-2)

Shear Strength by =10

Load Factors
Dead and Live Load Factor  ~ = 1.0

Hydraulic Load Factor Yy =10
Short Duration (Extreme Condition) EM

Extreme Case Factor vy = 1.0 1110-2-2104 (3-4)
Reinforcement Checks © Location where moment is
- HEEL taken about.
Water v Y ' W, = Yy A (D + E + F) "
le D+E+F >l - =
[« ’ Wy = 2817 —
il ] ‘ Wg:=~-B-(D+E+F) "
o W, = 2785.16 —
ft
in?
AHeell = 049? CCHl := 3.375in
@ 2 dh1= 1= Cchy
A ir .
Slab AHee|2 :=0.133 _f CCH2 = 3.25in
dhz == Cch2
i
G+H
Pus = (Puz - Pue)'(mj + Pus
Bos Pus
Uplift Ib
U2 Pus = 57857 —
Pus Leps ft
— ,
ﬂm Lgpy = if[[Lgp — (G + H)| 2 0ft.[Lgp - (G + H)].0]
Bearing Pressure, Pgp, acting on the heel at Lgpy = 6.371t
location "A" :
L Lgpt-(PRp — P
. BP1 BPl( BP BPa)
PBPl = if LBP<(D+E+F+G+H),L—'PBP,PBPa+ L
BP Ib BP
Slab Centroid f#2
D+E+F D C-1)E 2-E
(D+E+ F)-I«(%) +(C- I)~D~(E +F+ Ej + [%J(F + T)
(D+E+F):-1+(C-1)D+ C-)E
Floodwall Analysis Page 5 of 14 12/16/2011

12ft Floodwall Strength
CheckforPOF.xmcd



- HEEL check (cont'd)

Slab Weight

Wy = [(D+ E+F 1+ (C-1)-D+

Uplift Centroid

le

C_TI)E} 150pcf

[«

AA = (D+ E + F)Pu4

F-(Pus — Pua)

>
vs]
[

AC =

AD =

Uplift on Heel

Floodwall Analysis
12ft Floodwall Strength
CheckforPOF.xmcd

AREA

2
E:(Pus - Pua)

E-(Puz — Pu3)

2

= D(Pyz - Pua)

D-(Py1 - Pug)

2

CENTROID
D+E+F
Cpi=—m—m——
A 2
2-F
Cpi=—
B~ 3
CC::F+—
2-E
Ch=F+—
D 3
D
CE::(E+E+FJ

Cg:= (£+E+Fj
3

XU =

AA+AB+AC+AD+AE+AF

WU::AA+AB+Ac+AD+AE+AF

Page 6 of 14

Ib

W, = 1453 =
H ft

Xy = 3.32ft

Ib
W, | = 4085 —
U ft
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- HEEL check (cont'd)

Loading:
Bending
P -L L
BP1'-BP1 -BP1 D+E+F
My = “(L'WH'WX'{WU-XU + ” — [(WW + WS)(T) + WH'XHH
ft-1b Note:
My = —-4382.16-—— M, y:= |M .
H H H IF:
Positive Sign ft | | IF:Myis<0
Convention
Prpq-L M = 44—
BP1'-BP1 | "uH
Shear VH = '\{LFYHA{X(WW + Ws + WH — WU — f) ft
Vy = 953,17 2 Vi = |VH| kip
ft VuH =1.—
ft
Capacity: Flexural Capacity
As1 = Aheell As2 = Aleel2
b= 122 b= 120
ft m ft
As1F Agy-F
ali=———Y  a1=058in 2= —Y  a-016in
0.85f-b 0.85f'b
. al , a2
My = bg Ay Fy| dHy — Mpp = bg A Fy| Al —
kip-ft kip-ft

M, q = 21.08-——
dMpyq R

OMyy = if (M > 0,0Mpyp, &Myyg )

THEN: Steel in top of heel is in tension

My, = 5.85-——
*Mpp R

ip- ft

My = 21.08-——
oMy i

Shear Capacity
(')Vcl = d)v2de1 'flc'pSi

Ib
¢Vq = 19225 w

(')VCZ = d)v2de2 'flc'pSi

Ib
¢Vo = 19389 w

OV = if(Myy > 0, 6Vep. 6V¢1) OV = 19,23.%
Floodwall Analysis Page 7 of 14

12ft Floodwall Strength
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- HEEL check (cont'd)

Factors of Safety

Kip-ft
Bending ®MH=21.08-—— ce . M
1=
ip- M _
My = 438 Kip-ft uH FSq =481

ft

Checkl := if (¢M}y > 1.5M;, "OKAY","NO GOOD" )

kip
Shear GV =19.23-—= dVhy

Checkl = "OKAY"

FS, = 20.17

Check? := if (6Vyy > 15V, "OKAY","NO GOOD" ) N ————

Controlling Factor of Safety

FSy = min(FSl,FSZ) FSy = 4.81

Controlling Mechanism

Commenty = if(FSl > FS,,"Shear in Heel" ,if(MH > 0, "Flexural Bottom Steel in Heel" , "Flexural Top Steel in Heel" ))

Commenty, = "Flexural Top Steel in Heel"

Floodwall Analysis Page 8 of 14 12/16/2011
12ft Floodwall Strength
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- STEM Check Water
Soil Water

Note:
P = Soil pressure present
at base of stem
P..so = Water pressure
present at base of stem

Pws1 = (A+ B)yy,

Ib
Pws1 = 593 - O
ft 2 2 J J
in in Pee:= —-P Py = —-P
Astem1 = 0'35? Astem2 = 0-2? STy sl Tws2m o ywl
Ib Ib
Cosy = 28125 Cogy = 2.75in Pss = 106'639 Pws2 = 375-74;
, dsp=G-Ccsy  dsp= G- Ces2
Loading:
Bending
Mo Pust(A+B) A1 (Pss+ Pus2) @) J| Note:
ST ILHAX 5 T3 5 3| IF:Mgis>0

THEN: Riverside steel is in tension

ft-1b

M c:= M .
= —_— us S .
Positive Sign Mg = 71028-— [Ms| Mg = 7.1 kip-ft
Convention ft
Shear
. Pws1 (A + B) (Pss n PWSZ).(J)
Vs =L THIX -
2 2
ki Vo= |V Voe=17 kip
Vg = 1672 us = | Vgl us = 17—
ft
Floodwall Analysis Page 9 of 14 12/16/2011
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- STEM Check (Cont'd)

Capacity:
Flexural Capacity
Asa= Asteml Asa/= Astem?
b= 12m b= 12m
-F F
q . SLY al = 0.41-in oo 52y a2 = 0.24-in
MV 0.85f b MW 0.85f b
. al . a2
$Msy = bgAgyFy| ds1 = $Msp = bg ApFy| dsp =
kip-ft kip-ft
dMgy = 16.26~T dMgy = 9.38~T
$Mg = if (Mg > 0,dMg;.dMg)) dMg = 16.26~%
Shear Capacity
Doti= Py-2-b-dgy-[Fe-psi PNgi= Py-2:0-dgy [Te-psi
b b
Vg = 20622 E Vo = 20704 E
$Vg = if (Mg > 0,0V(1. dVep) =
$Vg = 20.62-—
ft
Factors of Safety
Bendi ip-
ending oM = 16.26-k|pﬁ Mg
ft .
FSg:= v
Myg = 7.1 kip-ft us FSg =229
ft
Check3 := if (¢Mg > 1.5M,,g,"OKAY","NO GOOD" ) Check = "OKAY"
Sh i
ear (")VS — 2062@ d)VS
ft >
FSy = v
kip us
Vus = 167~ FS, = 12.35
Check4 := if (¢Vg > 1.5V|;g,"OKAY","NO GOOD" ) Checkd = "OKAY"

Controlling Factor of Safety
FSg := min(FS3,FS,) FSg=2.29

Controlling Mechanism

D

Floodwall Analysis Page 10 of 14
12ft Floodwall Strength
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- TOE Check

‘ I Ws,= v-H-Q)
Soil
Arq = 0.29 in’
Toel = Y9~
Slab ft
O
Ar o= 01330
LBP2 = |f(H < LBP’H’LBP) Toe2 - ' ft
Lgpy = 3.5ft
Bearing 5
b

Pressure ' BP2
Pgp = 853.9—

ft

L
. BP2
PBP2 = If|:LBP < (D +E+F+G+ H),PBP - PBPTBP,PBP - LBPZ

Pap — P
MH N}

Pug = 494.4 L)
ft2
Uplift
H
Pus = |:[(PU3 - Pue)'m + Puaﬂ
Pus = 552.83 12
o2
Bearing Pressure
Lep2) (PP~ Pep2)(LeP2) (2Lep
(Lep2PBP2) 5 5 13
Ly =
bp (Psp — PeP2)(LBP2)
Lgp2:PBp2 + 2

Pep — Pep2)(LBP2

Whop = Lep2-PBP2 * ( ) Htero

Uplift H (Pus—Pus)H H

Ly =
Pijc — Prjs)-H
Mg + (Pus 2 Us)
Pus — Pyg)H
WU = HPU6 ( 5 )

Floodwall Analysis Page 11 of 14
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Ib
W, = 1911.87 —
fi
dr1:=1-Ccm1
CCTZ = 3.25in dTl — 14.63-in
drp:=1-Ccr2

Lpp = 2811t

Ib
W = 2530—

L, = L72ft

Ib
W, = 1832.66 —
ft
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Toe Check (continued)

Loading: Bending Note:
H IF: M-<0
M= N Y [We + (H D)~ |- — = (WL + WL T
T LT A{X{[ s+ (HD%] 2 (WopLop + W u)} THEN: Bottom steel is in tension
kip-ft
Mt =-55—— .
T — .
ft Myt = |MT| MyT = 5_54.M
ft
Positive Sign
Convention Shear
VT = A Ws + (H D = W = W |
Vr=-1 aa-m V1= |v | kip
T ft uT T VT = 1.66~?
Capacity:
Flexural Capacity
Asa= AToet 2= AToe2
b= 120 b= 120
m ft m ft
Aqq-F Acr-F
al-—= Y a1 034in 2= —2Y 5 016in
W 0.85f b W 0.85f b
) al ) a2
M1y = dgAs Pyl T - M2 = dg Ay Fy| dr2 =
oMy = 12.58. 21 oM, = 5.85. 901
ft ft
oM = if (Mt > 0,6M11,0M kip-ft
T ( T T1 T2) oM = 5.85-——
Shear Capacity
QVGJ B d)v2de1 'flc'pSi /%\//&2/\:: d)v2de2 'flc'pSi
Ib Ib
OV = 19225 — OV = 19389 —
ft ft
: Kip
GVr = if(My > 0,0V 0Vp) @V = 10.23-—~
Floodwall Analysis Page 12 of 14 12/16/2011
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Toe Check (continued)

Factors of Safety

Bendi .
ending oM = 5.85. kip-ft M1
ft FSg =
Kip-ft > Myr
My = 5.54-—— FSg = 1.06
Checks := if (¢M > 1.5:M 7, "OKAY","NO GOOD" ) GiahE - 0 GO0
Sh i
A vy = 19.23-% v
Kip e Vur
u
VuT = 1'66'? FSg = 11.56
Check := if (V- > 15V,1,"OKAY","NO GOOD" ) Gzl = RN
Controlling Factor of Safety
FS = min(FSg5.FSg) FS7 - 1.06

Controlling Mechanism

Commenty := if(FS5 > FSg, "Shear in Heel" ,if(MT > 0, "Flexural Top Steel in Toe" , "Flexural Bottom Steel in Toe" ))
Commenty = "Flexural Bottom Steel in Toe"

Floodwall Analysis Page 13 of 14
12ft Floodwall Strength
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Overall Factor of Safety (without considering multiple layers of steel)
Factor of Safety

FoS := min(FSy,FSg,FSt)

Limiting Mechanism

Mechanism := Commenty,
Mechanism := if(FoS = FSS,CommentS,Mechanism)
Mechanism := if(FoS = FST,CommentT,Mechanism)
FoS = 1.06
Mechanism = "Flexural Bottom Steel in Toe"
It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be

acceptable when using unfactored loads and unreduced strengths for analysis. If the
factor of safety is lower than 1.5 a probablility analysis is required.

Floodwall Analysis Page 14 of 14 12/16/2011
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H Probability of Failure 0P PSM ez
y:

US Army Corps CIDMO 12ft floodwall

of Engineers. spread footing

Bending in Toe
I. Objective

The computations below show the process used to calculate the Reliability and the
Probability of Failure.

Il1. References

1. Reliability-Based Design in Civil Engineering by Milton E. Harr, Dover Publications Inc. 1996
2. FEMA 310, Section 4.2.4.4, states, the mean strength (or expected strength) for Risk and
Uncertainty calculations shall be taken as 125% of the design strength

I1l. Situation

1. This structure does not meet the strength 1.5 factor of safety for which it has been

determined 99.8% reliability can be assigned. See mathcad analysis of the wall for
existing condition strength check.

2. FEMA 310, Section 4.2.4.4, states, the mean strength (or expected strength) for Risk
and Uncertainty calculations shall be taken as 125% of the design strength
3. Material Properties used:

Mean Concrete Strength, ), := 3750-psi
Mean Steel Strength, FyM := 45-ksi

4. From Reliability Based Design in Civil Engineering by Milton E. Harr, pg 31, the
coefficient of variation for Reinforced Concrete Grade 40 is 14%.

IVV. Variable Definitions

FSp = Factor of Safety under mean material parameters

FSgy, = Factor of Safety due to the upper bound value of the Steel Yield Strength

FSgy = Factor of Safety due to the lower bound value of the Steel Yield Strength

FSt, = Factor of Safety due to the upper bound value of the Concrete Compresive Strength

FStq = Factor of Safety due to the lower bound value of the Concrete Compresive Strength
AF,y = Difference in Factors of Safety due to the change in Steel Yield Strength

AFg = Difference in Factors of Safety due to the change in Concrete Compresive Strength
op = Standard Deviation of the Factor of Safety

Ve = Coefficient of Variation of the Factor of Safety

By = Lognormal Reliability Index

R = Reliability

Pe = Probability that the factor of safety is less than 1.0 ( Probability of Failure)

Probablity of Failure Sheet 1 of 7




V. Calculating Factors of Safety

WATER AT TOP OF WALL
Condition under consideration from strength check: Mu M. 6.75 kip-ft
for toe (from mathcad strength analysis). u— - ft

Design Concrete Strength

$g = 1.0 Strength Reduction Factors not used in Risk and Uncertainty Analysis

in2 Area of Steel

=0.133 —
As ft
distcy_:= 3.25in Distance from bottom of footing to centerline of reinforcement
Tioe = 1.9t Thickness of footing at toe/stem interface

b:= 12% 1 ft strip of wall analyzed
d:= Ttoe — dlStCL d = 14.75-in

Mean Concrete Strength and Steel Yield Strength

F
a:= M a = 0.156-in
0.85F b

a Kip-ft

FSp = FSp = 1.084

u
Upper Concrete Strength

For reinforced concrete structures a 14% standard deviation based on engineering
judgment and information published in Reliability Based Design in Civil Engineering
by Milton E. Harr.

fou = fom + fom0-14 o = 4275-psi

AGF
a=—I 01370
085 b
a kip-ft
oMoy = dpATF {0 - = | dMgy = 7.32 =
2 ft
dMey
FSfeyi= ——  FSfey = 1085

u

Probablity of Failure Sheet 2 of 7




Lower Concrete Strength
for=fom — fom 024 foL = 3225-psi

-F
ae As yM

2= , a=0.182-in
O.85fC|_-b

a kip-ft
$Mc = op As'FyM'(d - E) GMg = 7.31-——

dM¢
FSfCl =

FSge = 1.083
u

Upper Steel Yield Strength

AsFy

2= ————— a=0.178in
0.85f b

a kip-ft
OMgy = ¢BAS-Fyu-(d - ;] PMgy=834-— =

‘szU
FS,:yu = M— FS,:yu =1.235
u

Lower Steel Yield Strength

AF
a=— 5 a-0135n
0.85f¢pqb
a kip-ft
Mgy = Foy |d-= Mg = 6.3 ———
OMg| = dp Ag yL( 2) dMg. P
dMg
FSpyl= ——  FSpy1= 0,933
u
FSp=1084  FSg,, = 1085 FSpyy = 1235

FSge = 1.083 FSEy1 = 0.933
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V1. Probability of Failure Calculation

AFFy = FSFyu - FSFyI AFFy = 0.302
-3
AFfC = FSfCU — FSfCl AFfC = 1651 X 10
ACl EQ (11-4)

AFe ) (AR

Of = 5 + > O = 0.151
o

F

VE= FSp VE = 0.139
FSp

In

/l +V 2
F

BLN = > BLN = 0.513
’In 1+ VF

R,= cnorm(B ) R =69.61-%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

PE=1-R P = 30.39-%

Probablity of Failure
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WATER AT 1ft down from top of WALL
Condition under consideration from strength check: Mu M. = 554 kip-ft
for toe (from mathcad strength analysis). MW ft

Design Concrete Strength

$g,= 1.0 Strength Reduction Factors not used in Risk and Uncertainty Analysis

in2 Area of Steel

A= 0.133 —
ft
Al = 325N Distance from bottom of footing to centerline of reinforcement

Adagy= 1.5 Thickness of footing at toe/stem interface

b= 120 1ft strip of wall analyzed
” ft

A(/j\/\:: Ttoe — dlStCL d = 14.75-in

Mean Concrete Strength and Steel Yield Strength

F
A= M a = 0.156-in
0.85f gy b
a Kip-ft
Mg~ P AS~FyM-(d - Ej oMy = 7.82- 7=
OMp
S FSp = 1321

u
Upper Concrete Strength

For reinforced concrete structures a 14% standard deviation based on engineering
judgment and information published in Reliability Based Design in Civil Engineering
by Milton E. Harr.

fou= fom + fom0-14 o = 4275-psi

AF
a=—I 01370
085f5 b
a kip-ft
M aii= d)BAS-FyM(d - E) Mgy =732
dMey
Ftow= —y—  FSfeu= 1322

u

Probablity of Failure Sheet 5 of 7




Lower Concrete Strength

Foi= Tem — Ten-0-14
F
A= M a = 0.182-in
085f, -b

SMet= ¢ As'FyM'(d - gj

d>|V'cL

u

FStah= FSgo = 1.32

Upper Steel Yield Strength
F! A= FyM + FyM-0.14

AsFy

2= ————— a=0.178in
0.85f b

M s (o)

oM
ES = —u

Lower Steel Yield Strength

Fykoi= FyM — Fym-0.14

AsFy

2= ————— a=0.135in
0.85f b

SMsLi= B As'FyL'(d - %j

"’MSL

FS Ryh=

FSp=1321  FSg, = 1.322

FSgo = 1.32

FSFyy = 1505

FSpy = 1.137

foL = 3225-psi

kip-ft
Mgy = 73—

Fyy = 51.3-ksi

kip-ft
Mgy = 8.34—-—

FyL = 38.7-ksi

kip- ft
dMg = 6,3.T

FSFyy = 1505

FSEy1 = 1.137

Probablity of Failure

Sheet 6 of 7




V1. Probability of Failure Calculation

AFeyi= FSEyu — FSRyl AFg = 0.368
-3
AFgo = FSgo, — FSggl AFg. = 2.012 x 10
ACI EQ (11-4)
AFe) (AR
gL = + or=0.184
v OF
w FSp VE = 0.139

FSp
Inf —
’ 2
1+ VF

B~ > BLN = 1.939
’In 1+ VF
R,= cnorm(B ) R=97.37%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

Pri=1-R PE = 2.63-%

Probablity of Failure Sheet 7 of 7




River Water Surface Elevation (ft)

CID-MO 12ft Floodwall Probability of Failure due to Bending in Toe

Existing Conditions
758.23 /

757.23 -

756.23

755.23

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Probability of Failure (%)




General Structural Exhibit 2:
Pile Foundation Floodwall Sample Calculations



i Comp by: KSM 12-6-11
CID-MO Floodwall Chkd by:

Floodwall Analysis - Existing Conditions

US Army Corps Type "R" floodwall
of Engineers. Kansas City Levees
(z20”
~g” /;’&"’ 7L IO*
2-e” g g c”

All lorgltedine/ re/nr
72" # excepr as nofed
spaced 25 sHOWP.

L4

/5 -

/ C‘onsfrucﬁo:]? Jomnt

. . &
e %’p‘fu// /elroth 7e'f@ 2/ %.c.
2- 42 "8x 6t 0 cach |

end’ of section. ‘

70" @ 2/70. c.

..'?LG”

78" #x 720" forg @
. [ obocr 16768
Ny
N e
conc. S-%8" #betweer pi, es) 3 - 3
f& /O precas? corc,
/8% 18 precast K sheet prle.
corc. prles @ 6 -0” ! . /&
O+C4 m?x ___'i.._'__ L CC:
20" 4t0” siel  |He
9-0" s zc0”

Typical Section from 1946 Record Drawings

R EXISTING FLOODWALL Page 1 of 28



Variables

[ 10001b
psf = — ksf =

kip:= 10001
e *

Ib
If .=—
ft

ELgtom = 100ft EL yyater == L00ft

ELSO”_RS = 87ft

Wstem1 = 1H

_ Z
Properti p—

Hwater = ELwater ~ ELsoil RS
|
HWater = 13 ft

-

Hsoil1 = ELsoil Rs ~ Eltop_ftg
Hsoity = Ot

l

ELSO”_LS = 89ft

1000Ib Ib
RCf =—

.2 3
in ft

ELtOp_ﬂg = 87ft

Hstem = ELstem — ELsoil_Ls

11
HStem = 11ft

Pile Spacing
S := 6ft
M
Ngows=# of rows in monolith
(used for CPGA total loads)

NRows = 7

77NN 77N 7

Hsoil2 = Elsoil_ LS~ Eltop_fig

HErgy = 3t

I

7 {
WCO = 3ft// L s

A

k

L

W = 7.8333ft

Concrete Properties ¢ = 150pcf

Water Weight Yy = 62.4pcf

R EXISTING FLOODWALL

Soil Properties

WToe = 3.5ft

~ :=115pcf ¢ := 22deg

Ky =1-sin()

Hggilp = 2t
74
U ¥ Hrrep =2t
ket Pile4 := Oft
AEE 2 Pile5 = Oft
Pile2 := 6ft
L Pilel = 115t
rd

K, = 0.63

Page 2 of 28



Lengths:

Lco = Heter ~ HeTe2 Lw1 = Hwater + Hsoil1 * HrTG1 Lstm = Hstem *+ Hsoil2

LeTe = Wheel ™ Wstem2 + Wroe Lpu1 = Hsoilz t HETG2

< _
. ey Ly = 161t
Forces: Fuwater W1
l FStem
*vertical soil loads
include water
Pw1
ﬁ
Psl
Ps2 Pw2
G G
Pus
W, + W,
Stem1l Stem2 b
Fstem = ( 5 j'LSTM'“fc Fstem = 2599.35—
Ib
. Ib
Fco=LcoWeo e Fco =450+
Fenitr := Henij- W, -~
Soill Soill" "'Heel Fsoill = 0?
Fanito == Hanitor W aa Ib
Soil2 Soil2" "' Toe Fsoil2 = 805?

Fwater1 = Hwater WHeel Yw
12
Pwi =7 twi w
1 2
Pw2 = {E'(HFTGl +Hsgilg) '“fw}

1
Pg1 = {E H50||1+HFT<31)2(“f Ww)}

1
Pgp = {5 (Hsoil2 + HFTGl)z'(“f—Ww)}

R EXISTING FLOODWALL

Ib
Fuater1 = 6354.37 —

Ib

Ib
Pyyy = ~780 —
W2 ft
Ib

Pey = 148.03—
S1 ft

Ib
Pey = —411.2—
S2 ft

Page 3 of 28



Forces Con't

Ib
Puz = (Lwa) W = 9984 — <--UA
fit
-W
(o) Ib
PU3 = pyg = ~1497.6—
fit
Ib
PU2 = _[LWl"YW - 0.5-(LWl-“{W —Yw’ Lpu1)] = —624_2 <---UA'
fit
. Lpu1 p Ib <--UB
pUl = ’\{W LPUl + W \|pU2| - ’\{WLPU].) = _34622_2 o
co fit
Lere ——— *leul

W,
Cco Ib

Ib
ft

W
cO Ib
Pu2 = O.5~(PU2i)-(LFTG —T] = -1597.02— Ib
Pyg = ~1597.12—

Ib
Pu1 = ~3981.33—

Ib
P s = ~1497.6—
U3 ft
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Inputs for CPGA

Sum moments around bottom corner of Toe:

Moment Arm
from bottom corner of Toe

) Wstem?2
AMgiem = —| Wrge *
LetG Moment (about bottom corner of toe)
Arm =
FTG
2 . kip-ft
Weo Mstem = Fstem A"Mstem Mstem = —11.26- f
Armco = —LFTG + .
. kip-ft
Wi oq MEeTG = FRTG AMETG Mprg = -25:35——
ee .
= _ kip- ft
Armsoil [WToe + Wetema * > j Mco = Feo AMco Mco = _g17.3P1
L . Kip-ft
AMsoilz =~ Amgin = 4331t Soil1 = Fsoil AMsoily Msoilg = 0——
kip-ft
Arm =-6.5ft Meqito i= Fenijo AMe i Meqip = -1.41-——
AMyyater] = AMsoil1 FTG Soil2 Soil2 Soil2 Soil2 ft

Armco = —115 ft

1 M =F Arm M 57.71. 0t
——— _ Waterl -~ "Waterl’ Waterl Waterl = —2/- 1+
Ay = 2twi ~keo Armg.ij1 = ~9.08 t ft
kip-ft
1 ArMme iy = —1.75ft M/ == Pyajq-Arm M1 = 34.61.——
Aty = g'('-PU1+ Lco) ~Leo Soil2 e w1 = Pwr AMyyg w1 k_ﬁﬁ
= - 1p-
) AlMyyatery = —9- My = Py AMMyyo My = _0,52.—5t
Armg = 5'(”50”1 +Hera1) ~ Leo Armyyq = 4.33ft Kip i
Mgq := Pgq-Arm Meoq = 0o ——
Armg, = 0 ft kip-ft
Lere ——— Armg, = 0.67 ft
. kip-ft
W
ol <O Armyy; = -5.751t
FTG ;
2 ) kip-ft
Arm o :=—| L Yo Army o, = —12.25 ft kip-ft

=M := (Mgtem + METG + Mo + Msgits + Msoil + Mwaters + M + M2 + Mgy + Mgp + My + My + Myg)

ft-ki
SM = ~13.61.—
ft
. : kip
EVertlcal = (FStem + FFTG + FCO + FSOlIl + FSOlIZ + FWaterl + PUl + PU2 + PUS) EVertlcal = 703?
- — i
SHorizontal := (Pyyq + Py + Psy + Psp) SHorizontal  6.94.P
Positive Sign ft

Loading about the stem. Convention

R EXISTING FLOODWALL Page 5 of 28



Find Pile Loads Using CPGA:
Number := if(Pile5 = 0,4,5)

AAAAAAAAAAA Total number of piles:

Number := if(Pilel = 0,0, Number) Number = 3

R EXISTING FLOODWALL Page 6 of 28
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Concrete Pile Properties PILES 1 THRU 14 IN CPGA

Dimension of square pile, D := 15in

Assume all piles to pile cap connections are fixed (details show rebar

extending into base). Note - the pile tapers from 18" to 12"
over 21feet. Used a dimension at
half way down the pile for analysis
purposes.

Pile Properties:

:‘i‘éooo Pl Eq=574fc  Eg=3605 ki
T 12
C33=2.0
B66 = 0 torsional stiffness
Length = 20ft

| = 4218.75.in* Area:=D°  Area= 225-in°

Design Load Strengths:

AC = Allowable Pile Compression Load, = 37.17 k

AT = Allowable Pile Tension Load, =20.25 k

The following design strengths are from the existing pile capacity
MathCAD file:

PO = Axial Compression Design Load Strength, 752 k

PT = Axial Tension Design Load Strength, Fy*As=192 k

PB = Axial Design Load Strength at Balanced Condition, 362 k
MB = Design Moment Strength at Balanced Condition, 2057 k-in
MO = Design Moment Strength Under Pure Flexure, 1089 k-in

Soil:
NH
Soil Modulus, 0.06 k/in3 (See Table Below)

R EXISTING FLOODWALL Page 8 of 28



PILES 15 THRU 56 IN CPGA

Concrete Sheet Pile Properties

Dimension of sheet pile, Dy := 12in, D, := 10in Note - D1 is longitudinal and D2 is

Pile Spacing, S=1ft . . . _ transverse to the wall stem
Assume all sheet pile to pile cap connections are fixed (details show

rebar extending into base).

Pile Properties:

fe=4000 psi  Eo:=57+[fc  Eg=3605 ksi

3 3
- D;-D, - Dy Dy
1712 27
I = 1000-in" Iy = 1440-in”
2
Area:=D4-D, Area = 120-in
MV

puu — u wisional stiffness
Length = 15ft

Design Load Strengths:

AC = Allowable Pile Compression Load, = 13.43 k/lin.ft.

AT = Allowable Pile Tension Load, =10.10 k/lin.ft.

The following design strengths are from the existing pile capacity
MathCAD file:

PO = Axial Compression Design Load Strength, 378 k

PT = Axial Tension Design Load Strength, Fy*As=70 k

PB = Axial Design Load Strength at Balanced Condition, 163 k
MB = Design Moment Strength at Balanced Condition, 631 k-in
MO = Design Moment Strength Under Pure Flexure, 290 k-in

Soil:
NH
Soil Modulus, 0.06 k/in3 (See Table Below)
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Soil Modulus Parameter K for Clavs

Average Undrained Shear Strength Static Cylic
Soft Clay c= 17410 3.47 psi 30 pei -
250 to 500 psf
12t 24 KPa 8,140 KPa'm -
Medium Clay c= 3471w 6.94 psi 100 peci -
500 to 1000 psf
24t0 48 KPa 27,150 KPa'm -
Stiff Clay c= 691w 139 psi 500 pei 200 pei
1000 to 2000 psf
4810 96 KFPa 136,000 KPa/m 54,300 KPa'm
Very Stiff Clay c=13%10 278 psi 100K peci 400 pei
2000 to 4000 psf
9610192 KPa 271000 KPa/m 105500 KPa'm
Hard Clay c=27 81w 55.6psi 2000 peci BOO pei
4000 to 8000 psf
192 1o 383 KPa 543000 KPa/m 217,000 KPa'm

Use 60 pci for k.

R EXISTING FLOODWALL
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SMT = SM-S-NRous SMq = ~571.68-ft-kip

EVerticaIT = EVerticaIS-NROWS N _ . .
Positive Sign Y Vertical = 295.36-kip
Y Horizontaly := XHorizontal-S-Np s Convention

YHorizontal = 291.65-kip

CPGA LOADING FOR WATER AT TOP OF WALL
Applied Loads - Signs added to agree with CPGA
-Z . sign convention.
PY := —XHorizontaly
PZ := XVertical PY = -291.65-kip
| MX:=—EMy PZ = 295.36-kip
4
\_/ v MX = 571.68-ft-kip
CPGA Coordinate
System

X

R EXISTING FLOODWALL Page 11 of 28



CIDMOR.TXT
CPGA - CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 07-DEC-2011 RUN TIME: 14.42.38

FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE
NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.

ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3-DIMENSIONAL PROBLEMS.

CID-MO SECTION TYPE R
DATA UNKNOWN - REJECTED.

THERE ARE 56 PILES AND
1 LOAD CASES IN THIS RUN.

ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX

X Y z
WITH DIAGONAL COORDINATES = (  -20.50 , 2.00 , .00 )
( 20.50 . 11.50 , .00 )
PILE PROPERTIES AS INPUT
E 11 12 A c33
KS1 IN**4 IN**4 IN**2

-36050E+04 .42180E+04 .42180E+04 .22500E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14

E 11 12 A C33
KSl IN**4 IN**4 IN**2

.36050E+04 -10000E+04 -14400E+04 -12000E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -

15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 35 36 37 38 39 40 41 42 43 44 46
47 48 49 50 51 52 53 54 55 56
SOIL DESCRIPTIONS AS INPUT
NH ESOIL LENGTH L LU
K/ IN**3 FT FT
.60000E-01 L .20000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
K/ IN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14
NH ESOIL LENGTH L LU
K/ IN**3 FT FT
.60000E-01 L -15000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
KZIN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 3 36 37 38 39 40 41 42 43 44 46

47 48 49 50 51 52 53 54 55 56
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CIDMOR.TXT

STIFFNESSES AS CALCULATED FROM PROPERTIES

PILE
-14829E+03 .00000E+00 -00000E+00
-00000E+00 .14829E+03 -00000E+00
-00000E+00 -00000E+00 .67594E+04
-00000E+00 -.66141E+04 -00000E+00
.66141E+04 .00000E+00 -00000E+00
.00000E+00 -00000E+00 -00000E+00

-00000E+00
-.66141E+04
-00000E+00
-47570E+06
-00000E+00
-00000E+00

THIS MATRIX APPLIES TO THE FOLLOWING PILES -

1

* Kk ok Kk K X

LENGTH LESS

* K K* K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * * KX K* X

LENGTH LESS

* Kk ok Kk K K

* K* KX KX KX X

LENGTH LESS

EE S

* Kk ok Kk K X

LENGTH LESS

* * * KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K K* K* K* X

EE S

LENGTH LESS

* K* KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* * * KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kk

THAN 5T2 FOR PILE

* K Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

*

.66141E+04
.00000E+00
-0O0000E+00
-0O0000E+00
-47570E+06
.00000E+00
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* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* * * K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K * KX K* X

LENGTH LESS

* Kk ok Kk K X

* * KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk K X

LENGTH LESS

* K Kk KX * X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K * KX * X

LENGTH LESS

* Kk ok Kk K K

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* * * K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk ok Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K K* K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* KX

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Kx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* KX

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* KX

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K Kk Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kk

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

*

*

*

CIDMOR.TXT
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* Kk Kk Kk K X

LENGTH LESS

* * K* K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * * K* K* X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K * K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K K* Kk KX X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk Kk X

LENGTH LESS

* K K* K* KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* KX Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

*

*
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P1

NUM
F
1 -18
2 -12
3 -6

4
5 6
6 12
7 18
8 -18
9 -12
10 -6

11
12 6
13 12
14 18
15 -20
16 -19
17 -18
18 -17
19 -16
20 -15
21 -14
22 -13
23 -12
24 -11
25 -10
26 -9
27 -8
28 -7
29 -6
30 -5

LE GEOMETRY AS INPUT
X Y

T FT
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50

AND/OR GENERATED

z
FT

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

BATTER

<LK LKL L LKL L LKL LKL L LK LKL LK LKL L L L 1L 1 1< <

ANGLE

LENGTH
FT
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
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31 -4.50 11.50 .00 Vv 00 15.00 F
32 -3.50 11.50 .00 \ 00 15.00 F
33 -2.50 11.50 .00 \ 00 15.00 F
34 -1.50 11.50 .00 \Y 00 15.00 F
35 -.50 11.50 00 Vv 00 15.00 F
36 .50 11.50 00 Vv 00 15.00 F
37 1.50 11.50 00 \ 00 15.00 F
38 2.50 11.50 00 \Y 00 15.00 F
39 3.50 11.50 00 Vv 00 15.00 F
40 4.50 11.50 00 \ 00 15.00 F
41 5.50 11.50 00 \ 00 15.00 F
42 6.50 11.50 00 Y 00 15.00 F
43 7.50 11.50 00 Vv 00 15.00 F
44 8.50 11.50 00 \ 00 15.00 F
45 9.50 11.50 00 \ 00 15.00 F
46 10.50 11.50 00 \Y 00 15.00 F
47 11.50 11.50 00 Vv 00 15.00 F
48 12.50 11.50 00 Vv 00 15.00 F
49 13.50 11.50 00 \ 00 15.00 F
50 14.50 11.50 00 \Y 00 15.00 F
51 15.50 11.50 00 Vv 00 15.00 F
52 16.50 11.50 00 \ 00 15.00 F
53 17.50 11.50 00 \ 00 15.00 F
54 18.50 11.50 00 \Y 00 15.00 F
55 19.50 11.50 00 Vv 00 15.00 F
56 20.50 11.50 00 \ 00 15.00 F
910.00
APPLIED LOADS
LOAD PX PY PZ MX MY MZ
CASE K K K FT-K FT-K FT-K
1 .0 -291.7 295.4 571.7 .0 .0

ORIGINAL PILE GROUP STIFFNESS MATRIX

.61279E+04 -00000E+00 -00000E+00 -00000E+00 .23837E+06 -.65881E+06
-00000E+00 .55780E+04 -00000E+00 -.20972E+06 -00000E+00 -.50932E-10
-00000E+00 -00000E+00 -29651E+06 -32402E+08 -00000E+00 -00000E+00
-00000E+00 -.20972E+06 -32402E+08 -41301E+10 -O0000E+00 -.34925E-09
-23837E+06 .00000E+00 -00000E+00 -00000E+00 .62484E+10 -.24561E+08
-.65881E+06 -.50932E-10 -0O0000E+00 -.34925E-09 -.24561E+08 -20028E+09

56 PILES 1 LOAD CASES
LOAD CASE 1. NUMBER OF FAILURES = 56. NUMBER OF PILES IN TENSION = 42.

PILE CAP DISPLACEMENTS

LOAD
CASE DX DY Dz RX RY RZ
IN IN IN RAD RAD RAD
1 -.2329E-17 -.5464E-01 .7833E-02 -.6257E-04 .3701E-23 -.2167E-19
PILE FORCES IN LOCAL GEOMETRY
M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO
(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS
LOAD CASE - 1
PILE F1 F2 F3 M1 M2 M3  ALF CBF
K K K IN-K IN-K IN-K
1 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
2 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
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3 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
4 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
5 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
6 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
7 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
8 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
9 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
10 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
11 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
12 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
13 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
14 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
15 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
16 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
17 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
18 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
19 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
20 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
21 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
22 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
23 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
24 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
25 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
26 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
27 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
28 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
29 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
30 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
31 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
32 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
33 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
34 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
35 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
36 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
37 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
38 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
39 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
40 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
41 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
42 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
43 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
44 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
45 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
46 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
47 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
48 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
49 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
50 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
51 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
52 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
53 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
54 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
55 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
56 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
PILE FORCES IN GLOBAL GEOMETRY
LOAD CASE - 1
PILE PX PY PZ MX MY MZ
K K K IN-K IN-K IN-K
1 .0 -7.7 42.8 331.6 .0 -0
2 .0 -7.7 42.8 331.6 .0 .0
3 .0 -7.7 42.8 331.6 .0 .0
4 .0 -7.7 42.8 331.6 .0 .0
5 .0 -7.7 42.8 331.6 .0 .0
6 .0 -7.7 42.8 331.6 .0 .0
7 .0 -7.7 42.8 331.6 .0 .0
8 .0 -7.7 22.5 331.6 .0 .0
9 .0 -7.7 22.5 331.6 .0 .0
10 .0 -7.7 22.5 331.6 .0 .0
11 .0 -7.7 22.5 331.6 .0 .0
12 .0 -7.7 22.5 331.6 .0 .0
13 .0 -7.7 22.5 331.6 .0 .0
14 .0 -7.7 22.5 331.6 .0 .0
15 .0 -4.4 -3.9 143.0 .0 .0
16 .0 -4.4 -3.9 143.0 .0 .0
17 .0 -4.4 -3.9 143.0 .0 .0
18 .0 -4.4 -3.9 143.0 .0 .0
19 .0 -4.4 -3.9 143.0 .0 .0
20 .0 -4.4 -3.9 143.0 .0 .0
21 .0 -4.4 -3.9 143.0 0 .0
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22 .0 -4.4
23 .0 -4.4
24 .0 -4.4
25 .0 -4.4
26 .0 -4.4
27 .0 -4.4
28 .0 -4.4
29 .0 -4.4
30 .0 -4.4
31 .0 -4.4
32 .0 -4.4
33 .0 -4.4
34 .0 -4.4
35 .0 -4.4
36 .0 -4.4
37 .0 -4.4
38 .0 -4.4
39 .0 -4.4
40 .0 -4.4
41 .0 -4.4
42 .0 -4.4
43 .0 -4.4
44 .0 -4.4
45 .0 -4.4
46 .0 -4.4
47 .0 -4.4
48 .0 -4.4
49 .0 -4.4
50 .0 -4.4
51 .0 -4.4
52 .0 -4.4
53 .0 -4.4
54 .0 -4.4
55 .0 -4.4
56 .0 -4.4

NO FILES WERE GENERATED DURING
Stop - Program terminated.

-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.

DOV OVOVOVOOOOVVOVOVOVOOOOVOVOVOVOOOOOVOVOVOVWOWWOWOWOWOWWO

THIS RUN.

143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
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Pile Loading (CPGA OUTPUT)

-3.9kip kip-in

PileLoad1 := -S PileLoadl = -23.4-kip  PileM1 := 143

S PileM1 = 858-kip-in

PileLoad 1 and Msht, These numbers are the output from CPGA for sheet piling (continuous)
multiplied by the bearing pile spacing to get loading comparable to sheet piles for pile cap calcs

PileLoad2 := 22.5kip PileM2 := 331.6kip-in
PileLoad3 := 42.8kip PileM3 := 331.6kip-in
PileLoad4 := Okip PileM4 := Okip-in
PileLoad5 := Okip PileM5 := Okip-in

Check Vertical Loading

. PileLoadl + PileLoad2 + PileLoad3 + PileLoad4 + PileLoad5 kip
> Vertical — = 0.05~?

S

Checks if vertical loading calculated above and input into CPGA
matches the vertical load output from CPGA. Checks if the
equation above is approx. = 0.

R EXISTING FLOODWALL Page 12 of 28



EVALUATION OF ALLOWABLE LOAD RESULTS:

CONCRETE SHEET PILE:
Concrete Sheet Pile STRENGTH Mathcad Output:

ES =19

sheetpile *

Commentp, := "Pile Capacity”

CONCRETE PILING:

Concrete Pile STRENGTH Mathcad Output:

Fsplle =3.6

Commentg = "Pile Capacity”

See Pile Capacity Calculation for full pile check:

R EXISTING FLOODWALL Page 13 of 28



Check Pile loads against geotechnical allowable pile capacities:

For 18" piles:
AC, 10w = 37-17kip PileLoad2 = 22.5-kip PileLoad3 = 42.8-kip

ATa"OW = 2025k|p

ACallow
FSPllEG = = 087
max(PileLoad2, PileLoad3)

For sheet piles:

kip
Aca”m” = 13 43?
kip . PileLoadl kip
ATalown= 10.10—  Pilegpoqt = =-39
ft S ft
AT
| allow|
FSsheetPileG = =259

|min(P”esheet)|

R EXISTING FLOODWALL Page 14 of 28



Typical Properties

Wstem1 = 11t
A 7
Hyyater = 131t Fy = 36ksi
f. = 3ksi
in in
A =1.04— A =02—
Steml ft Stem2 ft
CCSteml = 29375“’1 CCStemZ = 275|n
(WSS 2> 2z I e )N 2 N
in2 in2 H =2ft
HSOlll = Oft AHeell = 034? AToel = 034? Soil2
CCHeeIl = 38125|n CCToel = 38125|n
> — 1 7
Hprg2 = 21t
il I 2
in in
A =0.25— A =0.25—
Heel2 ft Toe2 ft
CCHeeIZ = 43125|n CCTOGZ = 43125|n
K L
1 1 1
WHeeI = 783 ft WStemz = 167 ft WToe = 35ﬁ:

R EXISTING FLOODWALL Page 15 of 28



Load & Resistance Factor Design
Strength Reduction Factors

Shear Strength by =1

Flexural Strength ¢g=1 Note: Strength reduction and load factors not

Load Factors used in analysis of existing conditions.
Dead and Live Load Factor ~ 1L=1

Hydraulic Load Factor ~ TH =10

Extreme Case Factor x =10

Assumptions for Analysis

It has been assumed that in general the maximum bending moment from loading will occur at
or near the connection of the pile cap and stem. As a result section cuts at the intersection
of the pile cap and stem wall have been made to evaluate the floodwalls flexural capacity.

% Y

¥ BV

—> <
—> <
—> <

p
f

— <]

=
f

Typical Shear and Moment Diagrams

Stem

Heel Toe

| |
\_/U ARV

Section Cuts
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- HEEL Strength Check:

Fpilet = if(LpTg — Pilel < Wijqq). PileL0ad1,0kip)  Lpjjeq = if(Lprg — Pilel < Wijgq). LeTg — Pilel, Oft)

FPlleZ = f(LFTG Pile2 < WHeel PileLoad2 Oklp) LPIIe2

(LFTG Pile2 < WHeeI LFTG Pile2 Oft)

FPlIeS = If(LFTG Pile3 < WHeeI PileLoad3 Ok|p) LPlIeS = If(LFTG Pile3 < WHeeI LFTG Pile3 Oft)
Mpijeq = if(Fpije = 0.0.PileM1)  Mpjjep = if(Fpjjep = 0.0.PileM2) Mpjje3 = if( Fpjjeg = 0.0, PileM3)

Water 1 ‘

Soil 1 1 W,
\ |
o
Slab
1 T O
Mot = TL5Kipft | | | || |
Mbpije2 = 27.63-kip Mpile3 = 0-kip-ft
Pile(s) |
7\ 7\,
Lpile = 1.5ft
Lpilep = 71t
Lpileg = Ot }

Fpijey = ~23.4:kip Fpjjap = 22.5-kip Fpjjag = 0-kip

Uplift

P.U3

PH2

Note: Assumes
Sheet Pile reduces

li . by half.
P3 = 149760 uplift press. by ha
ft

{ Wiy = Y Hwater WHeel

Ib

W,,, = 6354 —
W ft

Y Hsoilz WHeel

O_
Weh =0

dH1 = HETG2 ~ CHeell

dH2 = HrTG2 ~ CoHeel2

Pile Spacing (O.C.)

S=6ft

Wijgq) = 7.83 1t

L -W
Ib FTG Heel
Py = Pyp = —624 5 u2 = —W-(pU2 ~Py1) +Pu1 = _471.01_2
ft . co .
FTG — 2

Phi = E(P ur—P UZ)'[WHeeI - T] = —484.46E Prp =P UZ'(WHeeI

R EXISTING FLOODWALL

We

- —O = —2983.07E
2 ft
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- HEEL Strength Check (cont'd):

Loading:

: Ib
Slab Weight Wiy := (Wieel HETg2) e = 2349.99—

Bending

Positive Sign
Convention

ALSO NEED TO CHECK WHERE PILE IS CAUSING LARGE MOMENTS IN THE PILE CAP AT THE PILE

Mz(kip-ft)
20 4 ~20
14.3
10 10
1.96
1 ]2
7.83
10 10
-11.9
20 - 20

kip-ft
MHtop = 14.3T

MOMENT DIAGRAM
FROM STAAD

kip-ft Loads were input into Staad for whole moment diagram. This moment will cause

Mypottom = 11'9T

R EXISTING FLOODWALL

tension in the steel in the BOTTOM of the heel.
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- HEEL Strength Check (cont'd):

Shear
Fy(kip)
8 -8
4 M SHEAR DIAGRAM FROM
_ L STAAD
. 15 L _
kip
. - V= 7.64—
A 4.57 H
ft
1[—0 13 5 7.83—:|2
- . V= [Vy|
] i kip
] 389 Vy=764—-
8- -7.64 -8
Capacity: Flexural Capacity
As1 = Axeell As2 = Aleel2
b= 120 h— 120
ft m ft
Aiq-F A -F
1 2
al:= =Y al = 0.4-in a2:= =Y a2 = 0.29-in
0.85f -b 0.85f -b
al a2
OMpyp = bgAsyFy |y = OMpz = bg Asp Py iz ==
kip-ft kip-ft

My = 20.39.——
®Mp1 =

My, = 14.66.———
®Mp =

Shear Capacity

(I)Vcl = ¢V2de1 ' fIC' pSI

Ib
Ve = 26537 —

PV = minf OV, (Vo) |

R EXISTING FLOODWALL

(I)ch = ¢V2de2 ' fIC' pSI

Ib
Vo = 25880 —

kip
oVy = 25.88~?
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- HEEL Strength Check (cont'd):

Factors of Safety

Bending-top of heel

kip- ft dMpq
dMyyq = 20.39 % FSpy = ———
fit M
[Mptop]
kip-ft

Mhitop = 14-3—— FSpy = 1.43

Checkl := if( ¢Myyy > 1.5Mypyiqp. "OKAY™,"NO GOOD" ) T

Bending-bottm of heel

kip- ft oM
My, = 14.66—— H2
Mh2 . FSppi=————

MHbottom i = 422

1
Mubottom = 11'9E'k'p'ﬁ

Checkm := if( &My > L5Mpyporiom- "OKAY","NO GOOD" ) NG OO

Shear
’
OV = 25.88~%
PV

. FS, =

k 2
v, = 7642 Vi

ft FS, = 3.39

Check2 := if( ¢V} > 15V, "OKAY","NO GOOD" ) i — O

Controlling Factor of Safety

FSy = min(FSy, FS,) FSy = 1.23

Controlling Mechanism

Comment, := if(FS1 > FS,,"Shear in Heel" ,if(FSml > FSos

"Flexural Bottom Steel in Heel" ,"Flexural Top Steel in HeeI"))

Commenty = "Flexural Bottom Steel in Heel"

R EXISTING FLOODWALL Page 20 of 28



- STEM Strength Check

Water
ds1 = Wstem2 ~ Ccstem1
ds2 = Wstem2 ~ Ccstem2
Soil Water
Pws1 = (HWater+ HSoill)'ww
Ib
Pws1 = 811_2 @, O
ft

: Peci= Herito K (Y = Yor) Pues := Henito

Pe = Ku'(HSOill)'(“f_ Ww) ss Soil2" ™u ( w) ws2 Soil2" "w
Ib Ib
—) Py = 65.79 — Pysy = 124.8—
ssl 2 ft2 ft
ft
Loading: Bending

. PWsl'(HWater+ l'|Soill) Hwater + Hsoil1 Pssl’(HSoiIl) Hsoil1 (Pss+ PWSZ)'(HSoiIZ) Hsoil2

Ms AL HX 2 3 T 3 2 3
kip-ft =
Mg = 23— 0 Mus: [Ms| ot
ft Mys = 23 ——
Positive Sign ft
Convention Shear
_ PWsl'(HWater + HSoiIl) (Pss + Pwsz)'(HSoiIZ)
Vs =9I > - 2
kip .
Ve=508— V, cc:=|V kip

R EXISTING FLOODWALL Page 21 of 28



- STEM Strength Check (Cont'd)
Capacity:
Flexural Capacity
Hsinv= Asteml

po=120
ft
A4 -F
1
al := =Y al = 1.22-in
A 0.85f b

al
Mg, = dg Asl'Fy'[d51 - 7)
kip-ft

Mg := if(MS > 0,¢M51,¢M52)

Shear Capacity
QVEJ = ¢V2del ’f’c' pSI
Ib
PV = 22419E

dVg = if(lvlS > 0,¢vcl,¢v02)

kip
dVg = 22.42-?

Factors of Safety

Bendin kip-ft
"9 Mg = 51.3 28

FS3 =

Kip-ft Mus
Mys = 22.72——

Check3 := if( $Mg > 15M,,g, "OKAY","NO GOOD" )

Shear ki
OVg = 22422 VA
FS4 = v
kip us
Vs = 5.08-?

Checkd := if( $Vg > L5V, g, "OKAY","NO GOOD" )
Controlling Factor of Safety

Controlling Mechanism

a2 =

Asa= Astem?

po=120
it
Ao Fy

— 2 a2=024in
0.85f - b

_ a2
Mg, = dg Asz'Fy'[dsz -

N
N—

kip-ft

Qvaz = ¢V2bd82 ’ f'C' pSI

Ib
Vo = 22665—

FSy = 2.26

Check3 = "OKAY"

FS, = 441

Check4 = "OKAY"

FSg = 2.26

Commentg := if(FS3 > FSy,"Shear in Stem" ,if(MS > 0,"Stem Flexural Riverside Steel" ,"Stem Flexural Landside Steel"))

Commentg = "Stem Flexural Riverside Steel"

R EXISTING FLOODWALL
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- TOE Strength Check
Fpitaz,= if(Pile2 < Wroq, PileLoad2, Okip) Fpjiaa,i= if( Pile3 < Wroq, PileLoad3, Okif Fpjey = if{Pile4 < Wiy qq., PileLoad4, Okip)
Lpitazy= if(Pile2 < Wrgq. Pile2, Oft) Litaay= if(Pile3 < Wrq.Pile3, 0ft)  Lpjjeq := if(Piled < Wy, Piled, Oft)

Mpilezy= If(Pile2 < Wrg + 6in, PileM2, 0kip) Mpijqz.= if( Fpije = 0.0.PileM3)  Mpjjey = if(Fpjje = 0.0, PileM4)
Soi ' : :
ol l Wowt = (W'HSoiIZ)'WToe Went = 805?
\ \
o WToe = 35ft

dr1:=Hrre2 ~ CCToe1

d12:=HErg2 — CeToe2

Slab
O
] |
.~ = 0-Kip- Pile Spacing (O.C.
Mpijep = O-kip-ft Moi1og = 27.63-Kip f pacing (O.C.)
A‘) Lpileg = 2t Lpiles =0
Pile(s
© Lpile2 = Ot
Fpilez = 0-kip Fpijjeg = 42.8-kip Note: Assumes
i Sheet Piling reduces

uplift pressures by
half.

Ib

*
. Wroe ) 1 i )
Plug =~ —Wo( lPug| - |pU1|) + [Pyl Pha = 5'( P'ug| = |Pui] ) Wroe| Pra = Pur-Wroe
L, =
FTG Ib Ib Ib
2 o _ _
Pz = ~430.77— Phg = ~147.96— Phya = ~1210.78—
fi
Loading:
. Ib
Slab Weight Wi = (WroeHETg2) e Wr = 1050
Pile Centroid Lpile2Fpile2 + Lpile3 Fpile3 *+ Lpilea Fpiles
LpileT = LpiteT = 2t

Fpile2 * Fpile3 * Fpiles
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- TOE Strength Check (Cont'd)

Bending ?_.

Positive Sign
Convention

ALSO NEED TO CHECK WHERE PILE IS CAUSING LARGE MOMENTS IN THE PILE CAP AT THE PILE

kip-ft
MTtop =45——
Mz(Kkip-ft)

6 -6
T 4.5 B
4 L4
2 -2
1 I | L ]2
] 1 148 2 39
2 -2
44 vl
- L
6 -5.14 L6

kip-ft

Mpottom = 24

Shear
Fy(kip)

8 -
4 4

; 0.643 -
1[ [ 1175\T |

- 1 ’ 2 3 3.5+
4 4

“1-6.64 B
8 -

R EXISTING FLOODWALL

MOMENT DIAGRAM
FROM STAAD

Loads were input into Staad for whole moment diagram. This moment will cause
tension in the steel in the BOTTOM of the heel.

kip
V= 6.64—
T ft
Vyr = |VT|
kip
VuT = 6.64~?
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- TOE Strength Check (Cont'd)

Capacity:
Flexural Capacity
Ds1v= AToel As2= AToe2
b 12'—frt' b 12'—frt'
Aiq-F A -F
1 2
al .= L al =0.4-in a2 = XY a2 = 0.29-in
w085 b 085 b
al a2
OMry = bgAsyFy| d11-— OMrz:= bgAspFy| G2~ —
Kip- ft kip-ft
oM = 20.39 oM, = 14.66-——
ft ft
Shear Capacity
Ib Ib
dV¢q = 26537E dV¢p = 25880E

OV = minf (¢Vy ). Vo ki
dVy = 25.88—
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- TOE Strength Check (con'td)
Factors of Safety

Bending - top of toe

kip-ft
FSW =

Kip-ft MTtop
Mrygp = 45——

FSpmy = 453

Checks := if( ¢Mrq > 15Mpyon, "OKAY","NO GOOD" ) T

Bending - bottom of toe

kip-ft
¢MT2:14.66-% o OMm2
AR~ —
M-hottom i = 20

1
MThottom = 5'4E'k'p'ﬁ

Checkm,= if( oMy > 15Mrpom, "OKAY", "NO GOOD" ) P ————e

Shear ki
Vg = 25.88.— oV
ft FSG =
kip Vur
Vyr = 6.64—= FSg = 3.9

Checks := if( ¢V > L5V, 7, "OKAY","NO GOOD" ) T

Controlling Factor of Safety

Controlling Mechanism

Commenty := if(FS5 > FSg, "Shear in Heel" ,if(FSml < FS,,, "Flexural Top Steel in Toe" , "Flexural Bottom Steel in Toe" ))

m2>
Commenty = "Flexural Bottom Steel in Toe"
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Overall Factor of Safety
Strength Factor of Safety

. B The strength FS for the piles should be greater
Sheet Pile Factor of Safety,  FSgpeeile = 1.9 than or equal to 1.5, if not a_reliability

Pile Factor of Safety, FSpiIe - 36 analysis needs to be completed for the piles.

Heel Factor of Safety, FSy = 1.23
Stem Factor of Safety, FSg=2.26
Toe Factor of Safety, FSy =271

FoS := min( FSgheetpile: FSpile: FSH+ FSs: FST)

Limiting Mechanism
Mechanism := Commentp
Mechanism := if( FoS = FS;;, Comment,,, Mechanism
AR H H
Mechanism := if(FoS = FSS,CommentS, Mechanism)
MWW

Mechanism := if(FoS = FST,CommentT, Mechanism)
MWW

FoS = 1.23 Mechanism = "Flexural Bottom Steel in Heel"

It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be
acceptable when using unfactored loads and unreduced strengths for analysis.

Geotechnical Capacity Factor of Safety:

Sheet Piles FSgheetpileG = 2-59

Pile load is GREATER than the allowable geotechnical capacity.
->Reliability analysis is REQUIRED for geotechnical based axial capacity.
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Units:

. b ) b kips b
k = = — = — = —_—— = —
ips := 1000Ib psf 5 psi - ksi - cf 3
ft in in ft
t ki
ton := 2000lb  tsf = — Kf o= 22
M ft2 ft

This program calulates the column interaction curve for a rectangular concrete
column using the methods of the Concrete Reinforcing Steel Institute. Note this
program also accounts for less than 1 percent steel by reducing the width.

Procedure based on CRSI Manual Pg 3-5 to Pg 3-8

cover := 2.25in Cover -in

h := 15in Column Depth

w = 15in Column Width Mp=3 Bars in Row 1

bar = Bar Size Np =2 Bars in Row 2
ar = |

tie = Tie Size N3 :=3 Bars in Row 3

fic := 4ksi conc. Str. - ksi Ng =0 Bars in Row 4

fy .= 40ksi  Bar Yield - ksi N5 :=0 Bars in Row 5

Axial Compression with Aci Reduction value:

Modulus of Elasticty: Es := 29000ksi

Concrete Strength:
FEMA 310 Allowed for concrete aging:

Nominal Concrete Strength assumed orginally used:

row = 3

¢ := 0.7 <=== Original Code Reduction Value

fc ;= 4000psi
FEMA_Factor := 1.00
f'c .= f'c-:FEMA_Factor
MWW —_

NOTE - if FEMA factor is 1.00 then concrete strength is the nominal concrete
strength. If trying to get the expected concrete strength the FEMA factor

should be 1.25. See FEMA 310 guidance.

BY: KSM 12/16/2011

N":'“I ® @ | NiBars
5
- N oBars
5
+ N3 Bars
. 3Bars
v N pBars
~Q g__ My Bars
bar — |
_ // COvVEer ——
tie b

Total Rows of Bars- NOTE: This can be changed and more
rows added if required.

<=Reduction value used
F.S. analysis

D=1

f'c = 4000-ps

R EXISTING 18INCHPILE capacity.xmcd



areabarz(oin2 oin® .05in> 0.1%in°> 0.2in®> 0.3lin® 0.44in°> 0.6in°> 0.79in° 1in® 1.27in°> 1.56in° 0in® 0in’ 2.25in2)
diabar = (0in 0Oin .25in 0.38in 0.5in 0.63in 0.75in 0.88in 1in 1.13in 1.27in 1.41in 0Oin 0Oin 1.69in)

Calculate effective stress block per ACI 318 sect. 10.2.7.3 . . . . f'c
P Bl = n{f'c < 4k5|,0.85,|f[f'c > 8ksi, 0.65,0.85 — 0.05-(7 - 4)ﬂ Bl = 0.85
Si
Iterations i:=1.row Bar Diameter db := diabar0 bar db = 0.88-in
Bar area at i A := N.-areabar oD ;
Tie Diameter = .
™ ! 0, bar el /gwt/v dlabarO,tie dt = 0.250-in
Distances from - db gt di = 2.04]
compression face 1= Ccover+ 3 + 1= 294N
Spacing between h-2d;
rows of bars space .= —— space = 4.56-in d.:=dq + (i— 1)-space
row—1 I
i i i
T8l .in2 2.94| -in
12 7.5
18 12.06
Gross Area:  Ag := w-h Ag = 225.in?
Steel Area row )
Ast = Z A Ast = 4.8-in
i=1
Reduce width if p < 0.01: Ast [ Ast Ast Effective .
— =0.0213 b:=iffl— > 0.01,w, Width b =15-in
Ag Ag 0.01-h !
Ag,=b-h Ag= 225.in? Ast _ 0.0213
A .
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Calculate Axial Load at no eccentricity, e (min) at $Pn(max):

Pnq := 0.8-[0.85-f'c- (Ag — Ast) + fy-Ast] Pnq = 753-kips
Equate as the first set of points on the interaction diagram: Png := Pny Png = 752.544-kips Mng := Okips-in
Axial Compression with Aci Reduction value: D=1 ®-Pnq = 753-kips
Assume c=h c:=h c=15n
M\

Given

bl o 003
Pnq = Z [ ) ——— Es - |f(o|i < Bl-c,O.SS-f‘c,Oﬂ~AJ +0.85-fc-Bl-c-b Pny = 752.544-kips

i=1

¢:=Find(c) c¢=13.37:in

Calculate Width of Compression block: a:=if(Bl-c>h,h,B1-c) a = 11.362-in

Find Moment:

es, = (c - di)- 0'(;03 es, = fs, = if(Es-z-zsi > fy, fy, if(Es-esi <0-fy,0-fy, Es-esi)) fs, =
0.002 40| -ksi
0.001 38.185
0 8.506
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Fs, = fs-A - if(61~c > di,0.85-f'c,0ksi)-Ai Fs, =

row
Mst := Z Msi
i=1

h
Mc = O.85-f‘c-a-b~(— - 3)
2 2

Mny := Mc + Mst

d = 12.06-in
row

BY: KSM 12/16/2011

65.88

41.742

15.311

-Kips

row

Mst = 230.595.kips-in Fst := Z Fs,

Mc = 87.839-kips- ft

Mn4q = 1284.666-kips-in

i=1

300.413| -Kips-in
0
-69.817

Fst = 122.933-kips

Fc := 0.85-fc-B1l-c-b  Fc = 579.454-kips

Mnq

81=—— e;=17%in

B Pnl
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Find Pn and Mn at point of zero tension in bars:

c=d c=12.06-in a:=p1lc a = 10.251-in
row NW

Find Moment:

0.003 — if(Es- if(Es. _ _ .
cs. o (c ~ d.)- fs, |f(Es es. > fy,fy,lf(Es es, <0-fy,0-fy,Es esi))
| | c
. . h
Fs. == fs.-A — |f(61~c > d.,0.85-f'c,0k5|)-A. Ms, = Fs.-| — — d.
| I 1 | | | 1\ 2 |
i = €s, = fsi = Fsi = Msi = Ai = di =
0.002 40| -ksi 65.88| -kips 300.413] -kips-irr—g] in2 2.94] -in
2 0.001 38.185 41.742 0 > 75
3 0 8.506 15.311 -69.817 T8 12.06
row h a
Mst := z Ms. Mst = 230.595-kips-in Mc := O.85-f'c-a-b~(— - —) Mc = 1241.391-kips-in
MWW ] MWW 2 2
i=1
Mny = Mc + Mst Mny = 1471.986-kips-in Mny = 1472-kips-in
Mny = 1284.666-kips-in  Mny := if(Mng < Mny, Mng, Mny) Mn; = 1284.666-kips-in
row
Pny = z Fs,+085fc-ab  Pny=646-kips Pny = 752.544-kips Pny := if(Pny < Pny,Png, Pnyg) Pn, = 645.734-kips
i=1
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Find Pn and Mn at point of 0.25 *fy tension in bars:

c row

~n 0.25-
1 + —fy
Es-0.003

Find Moment:
0.003

es, = (c - d.) -

Fs, := fs- A - if(61~c > di,0.85-f'c,0ksi)-Ai

d_:
|

0.245 | ft
0.625
1.005

row
Mst := Z Msi
i=1

row

d

row

€Si =

0.002

0.001

o h
Mst = 382-kips-in Mg := 0.85-fc-a-b- 5

Png := Z Fs, +0.85-fc-a-b

i=1

BY: KSM 12/16/2011

h
Ms. = Fs.(— - d.)
i i\2 [

fs. =

40| -ksi
26.677
-10

Pn3 = 545-kips

R EXISTING 18INCHPILE capacity.xmcd

a

2

)

1.8
1.2
1.8

fs, = if(Es-z-zsi > fy, fy, if(Es-esi <0-fy,0—fy, Es-esi))

65.88

27.932

-18

Mc = 1361.182-kips-in

Msi =

-Kips 300.413| -Kips-in
0
82.08

Mn3z := Mc + Mst Mng = 1744-kips-in



Find Pn and Mn at point of 0.50 *fy tension in bars:

. row .
d = 12.06-in ci=—— c=9.806-in a:=@31lc
row M 0.50-fy s
1+ ——
Es-0.003

Find Moment:

0.003 . .
es, = (c - di)- fs, = |f(Es-z-zsi > fy, fy, n‘(Es-esi <0-fy,0—fy, Es-esi))
c
. . h
Fs. == fs.-A — |f(61~c > d.,0.85-f'c,0k5|)-A. Ms, = Fs.-| — — d.
| I 1 | | | 1\ 2 |
di = €s, = fsi = Ai = Fsi = Msi =
0.245 | ft 0.002 40| -ksi 18] -in? 65.88| -kips 300.413| -Kips-in
0.625 0.001 20.458 x 20.469 0
1.005 -0.001 -20 18 -36 164.16
row h a
Mst := Z Ms. Mst = 465-kips-in Mc = O.85-f‘c-a-b~(— - —) Mc = 1416.599-kips-in ~ Mn_ := Mc + Mst Mn_, = 1881-kips-in
MWW I VW 2 2 4 4
i=1
row
Pn, := z Fs, +0.85fc-ab Pn, = 475-kips
i=1
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Find Pn and Mn at Balanced:

i row .
d = 12.06-in ci=—— c=28.262-in a:=@31lc
row M fy MV
1+ —
Es-0.003
Find Moment:
0.003 . .
€S, = (c - d.)- fs. == |f(Es-es. > fy, fy, |f(Es-ss. <0-fy,0—fy, Es-es.))
[ i c i i [ i
. . h
Fs. == fs.-A — |f(61~c > d.,0.85-f'c,0k5|)-A. Ms, = Fs.-| — — d.
| 11 | | | 1\ 2 |
di = €s, = fsi = Ai = Fsi = Msi =
0.245 | ft 0.002 40| -ksi 18 -in2 65.88| -kips 300.413| -Kips-in
0.625 0 8.02 12 9.624 0
1.005 -0.001 -40 18 -72 328.32
row
. . ' , h a o . o
Mst := Z Msi Mst = 629-kips-in Mc := O.85-fc-a-b~(5 - E) Mc = 1428.557-kips-in Mn5 = Mc + Mst Mn5 = u-kips-in
i=1
row
Pn, = Z Fs, +0.85fc-ab Pn = 362-kips
i=1
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Find Mn at ¢ Pn = 0.1*f'c*Ag:

0.1-fc-w-h )
Png = ——— Png = 90-kips
¢
Assume c=h/2 c:=h-05 Cc=unin
Given
row 0.003 0.003 T 7

if (c—oli)-T Es<fy |Al.

Png = Z (c— di)' ——Es
=1+ —if(di < Bl-c,O.85~f'c,O)
0.003‘

fy — if(di < Bl-c,0.85-f'c,0) if (c— di)'T Es > fy

0.003
——.Es<-fy
Cc

—fy — if(di < Bl‘c,0.85~f'c,0) if (c - di)

+0.85-fc-Bl-c-b

¢ := Find(c) c = 4.02-in
M
a,=if(Bl-c>h,h,Bl.c) a = 3.41in
Find Moment:
0.003 . .
€S, = (c - d.)- fs. == |f(Es-es. > fy, fy, |f(Es-ss. <0-fy,0—fy, Es-es.))
[ i c i i [ i
Fs. :=fs-A - if(61~c > d.,0.85-f'c,0ksi)-A. Ms. = Fs.(— - d.)
| I 1 | | | 1\ 2 |
d = €S. = fs. = A = Fs. =
| | | | |
2.94( -in 0.001 23324.942| -psi 18 -in2 35.865| -kips
7.5 -0.003 -40000 12 -48
12.06 -0.006 -40000 18 -72

BY: KSM 12/16/2011

Png := if(Pn6 > Png, Png, Pns)

Msi =

163.544
0

328.32

R EXISTING 18INCHPILE capacity.xmcd

Png = 90-kips

-in-Kips



Mng := Mc + Mst

BY: KSM 12/16/2011

Mst = 492-kips-in

Mc = 1008.729-kips-in

Mng = 1501-kips-in

Png = 90-kips

R EXISTING 18INCHPILE capacity.xmcd
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Find Mn at ¢ Pn = 0.0:

Pn7 = 0lb Pn7; = 0lb
Assume ¢=0.2h C= 0.2-h
Given
row el
0.003 . 0.003
Pny = Z (c - di)' - ‘Es ... if (c - di)'T'Es <fy Al

=1+ —if(di < 61-0,0.85~f'c,o)

fy — if(di < Bl-c,0.85-f'c,0) if (c— di)-&cmfs > fy

0.003
—fy — if(d. < Bl‘c,0.85~f'c,0) if (c - d.)~—-Es < fy
| | | C

+ 0.85-f'c-B1-¢c-b

.= Find(c) C = 2.864-in a,=1if(Bl-c>h,h,Bl.c) a = 2.434-in
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Find Moment:

€5i - (C B di)' 0.003

c

Fsi = fsi~Ai - if(61~c > di,0.85-f'c,0ksi)-Ai i

di =
€S. =
0.245 | ft |
0.625 -0
1.005 -0.005
-0.01
row
Mst = Ms

Mn7 := Mc + Mst

BY: KSM 12/16/2011

Ms. .= Fs.-
fs. = A =
| |
-2.308| -ksi 18
-40 12
-40 1.8

Mst = 309-kips-in

Mc = 780-kips-in

Mn7 = 1089-kips-in

R EXISTING 18INCHPILE capacity.xmcd

[

fs, = if(Es- es, > fy.fy, if(Es-esi <0-fy,0—fy, Es-esi))

=

-Kips

-18.946| -kips-in

328.32

12



Seh L S

opPy = oMy =
752.544] -Kif 0
752.544 1284.666
645.734 1471.986
544,716 1743.675
475.43 1881.172
361.643 2057.29
90 1500.593
0 1089.413

BY: KSM 12/16/2011

-Kips-in

Criteria:
Depth h = 15-in
Width w = 15-in

Eff. Width b = 15-in

cover = 2.25-in

bar =7

tie =2

fy = 40-ksi
f'c = 4000-psi

Ag = 225-in2 Ast = 4.8-in2

Ast .
— =0.0213 Actual ratio p
w-h

? = 0.0213 Eff. ratio p

R EXISTING 18INCHPILE capacity.xmcd
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Demand Loads Water to Top of Wall:

Axial Load from CPGA output: Po := 22.5kips Moment from CPGA output: Mg := 331.6kips-in

800

600
2
2
S &-Pny
3
o kips
o
g e 400
o Po
% kips
E ¢
D

200

X
0 3 3 3
0 1x10 2x10 3x10
¢j-Mn; Mg 0
kips-in ~ kips-in

BY: KSM 12/16/2011

Ultimate Moment - Kip- In

Interaction Diagram

R EXISTING 18INCHPILE capacity.xmcd
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Nominal Curve Used to Find Factor of Safety:

Pn

Data Points set to function: y func .= —— x func:= —
- kips-in  — kips

Degree of Polynominal Fit: k:=3
Returns a vector which interp uses to find the kth order polynomial that best fits the x and y data values

Nominal := regress(x_func,y func,k) Nominal_fit(x) := interp(Nominal,x_func,y_func,x)

2% 103

3|
Nominal_fit(x) ~ x10

y_func

—1><103 > 5 5 3
0 1x10 2x10 3x10

X, X_func

Strength Factor of Safety:

Read the Corresponding Moment for the demand axial load ( Pg = 22.5-kips)

Po
ips
Mo
Demand Moment Mdemand = — Mdemand = 3316
kips-in
Mcapacit
Factor of Safety: FSstrength = __capacly FSstrength = 3.6

Mdemand

BY: KSM 12/16/2011 R EXISTING 18INCHPILE capacity.xmcd
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FEMA 310 GUIDANCE

4.2.4.4 Component Strength

Component strength for all actions shall be taken as
the expected strength, Q... Unkss cakulated
otherwise, the expected strength shall be assumed
equal to the nominal strength mu tiplied by 1.25.
Alternatvely, f allowable stresses are used, nommal
strengths shall be taken as the allwable vahies

mmubtiplied by the folkmaring va hes:
Steel 1.7
Masonry 2.5
Wood 20

Except for wood diaphragms and wood and masonry
shear wallks, the allowabk vales shall not inchde a
one-third merease for short term lnadmg.

When cakulating capacities of deteriorated elements,
the evaluatmg design professiona | shall make

ition Handbook FEMA 310
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Units:

. b ) b kips b
k = = — = — = —_—— = —
ips := 1000Ib psf 5 psi - ksi - cf 3
ft in in ft
t ki
ton := 2000lb  tsf = — Kf o= 22
M ft2 ft

This program calulates the column interaction curve for a rectangular concrete
column using the methods of the Concrete Reinforcing Steel Institute. Note this
program also accounts for less than 1 percent steel by reducing the width.

Procedure based on CRSI Manual Pg 3-5 to Pg 3-8

cover := 2.25in Cover -in

h := 10in Column Depth

w := 12in Column Width Ni:=2 Bars in Row 1

bar := Bar Size No =2 Bars in Row 2
ar = !

tie = Tie Size N3:=0 Bars in Row 3

fic == 4ksi Conc. Str. - ksi Ng:=0 Bars in Row 4

fy .= 40ksi  Bar Yield - ksi N5 := 0 Bars in Row 5

Axial Compression with Aci Reduction value:

Modulus of Elasticty: Es := 29000ksi

Concrete Strength:
FEMA 310 Allowed for concrete aging:

Nominal Concrete Strength assumed orginally used:

row = 2

¢ := 0.7 <=== Original Code Reduction Value

fc ;= 4000psi
FEMA_Factor := 1.00
f'c .= f'c-:FEMA_Factor
MWW —_

NOTE - if FEMA factor is 1.00 then concrete strength is the nominal concrete
strength. If trying to get the expected concrete strength the FEMA factor

should be 1.25. See FEMA 310 guidance.

BY: KSM 12/16/2011

N":'“I ® @ | NiBars
5
- N oBars
5
+ N3 Bars
. 3Bars
v N pBars
~Q g__ My Bars
bar — |
_ // COvVEer ——
tie b

Total Rows of Bars- NOTE: This can be changed and more
rows added if required.

<=Reduction value used
F.S. analysis

D=1

f'c = 4000-ps
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areabarz(oin2 oin® .05in> 0.1%in°> 0.2in®> 0.3lin® 0.44in°> 0.6in°> 0.79in° 1in® 1.27in°> 1.56in° 0in® 0in’ 2.25in2)
diabar = (0in 0Oin .25in 0.38in 0.5in 0.63in 0.75in 0.88in 1in 1.13in 1.27in 1.41in 0Oin 0Oin 1.69in)

Calculate effective stress block per ACI 318 sect. 10.2.7.3 . . . . f'c
P Bl = n{f'c < 4k5|,0.85,|f[f'c > 8ksi, 0.65,0.85 — 0.05-(7 - 4)ﬂ Bl = 0.85
Si
Iterations i:=1..row Bar Diameter db = diabar0 bar db = 0.75-in
Bar area at i A. := N.-areabar S, ;
Tie Diameter = .
™ ! 0, bar el /gwt/v dlabarO,tie dt = 0.250-in
Distances from - db gt dr = 28750
compression face 1= Ccover+ 3 + 1=298/>n
Spacing between h-2d;
rows of bars space .= ———— space = 4.25-in d. :=dq + (i— 1)-space
row—1 I
i = N. = A = d =
i i i
o088l .in2 |_2875] -in
0.88 7125
Gross Area:  Ag := w-h Ag = 120-in?
Steel Area row )
Ast := Z A Ast = 1.76-in
i=1
Reduce width if p < 0.01: Ast [ Ast Ast Effective .
— =0.0147 b:=iff— > 0.01,w, Width b=12-in
Ag Ag 0.01-h !
Ag,=b-h Ag= 120-in? Ast _ 0.0147

Ag
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Calculate Axial Load at no eccentricity, e (min) at $Pn(max):

Pnq := 0.8-[0.85-f'c- (Ag — Ast) + fy-Ast] Pnq = 378-kips
Equate as the first set of points on the interaction diagram: Png := Pny Png = 377.933-kips Mng := Okips-in
Axial Compression with Aci Reduction value: D=1 &-Pnq = 378-kips
Assume c=h c:=h c=10-in
M\

Given

ik o 003
Pnq = Z [ )-—— Es - |f(o|i < Bl-c,O.SS-f'c,O)}AJ +0.85-fc-B1-c-b Pnq = 377.933-kips

i=1

¢:=Find(c) c¢=9.08in

Calculate Width of Compression block: a:=if(B1-c>h,h,B1-c) a=7.722-in

Find Moment:

es, = (c - di)- - €s. = fs, = if(Es-z-zsi > fy, fy, if(Es-esi <0-fy,0-fy, Es-esi)) fs.

0.002 40| -ksi
0.001 18.769
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Fs, = fs-A - if(61~c > di,0.85-f'c,0ksi)-Ai Fs, =

row
Mst := Z Msi
i=1

h
Mc = O.85-f‘c-a-b~(5 -
Mny := Mc + Mst

d = 7.125-in
row

BY: KSM 12/16/2011

32.208

13.525

-Kips

row

Mst = 39.701-kips-in Fst := Z Fs,

a
2

Mn4 = 398.525-kips-in

—) Mc = 29.902-kips- ft

i=1

Msi

68.442|( -kips-in
-28.741

Fst = 45.733-kips

Fc := 0.85-fc-31-c:b Fc = 315.068-kips

Mnq

£81:=—— e1=105in

B Pnl
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Find Pn and Mn at point of zero tension in bars:

c=d c=7125in a:=@31lc a = 6.056-in
row NW

Find Moment:

0.003 = . i . — — .
cs. o (c ~ d.)- fs, |f(Es es. > fy,fy,lf(Es es, <0-fy,0-fy,Es esi))
| | c
. . h
Fs. == fs.-A — |f(61~c > d.,0.85-f'c,0k5|)-A. Ms, = Fs.-| — — d.
| 1 | | | 1\ 2 |
i = €s, = fsI = Fsi = Msi = AI = dI =
; 0.002 40| -ksi 32.208| -kips 68.442|( -kips-in 0.88 -in2 2.875| -in
0 18.769 16.517 -35.099 0.88 7.125
row h a
Mst := z Ms. Mst = 33.343-kips-in  Mc := O.85-f‘c-a-b~(— - —) Mc = 487.24-Kips-in
MWW ] MWW\ 2 2
i =
Mny = Mc + Mst Mny = 520.584-kips-in Mny = 521-kips-in
Mnq = 398.525-kips-in Mnp = if(Mn1 < Mny,Mnq, Mn2) Mnq = 398.525-kips-in
row
Pny = z FSi +0.85-fc-a-b  Pnp = 296-kips  Pnq = 377.933-kips Pny = if(Pn2 < Pnq,Pno, Pnl) Pny = 295.82-kips
i=1
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Find Pn and Mn at point of 0.25 *fy tension in bars:

d = 7.125-in
. row row
MR 0.25. a:=fB1c
142250 A
Es-0.003

Find Moment:

0.003 . .
es, = (c - di)- fs, = |f(Es-z-zsi > fy, fy, n‘(Es-esi <0-fy,0-fy, Es-esi))
c
. . h
Fs. == fs.-A — |f(61~c > d.,0.85-f'c,0k5|)-A. Ms, = Fs.-| — — d.
| 11 | | | 1\ 2 |
di = €s, = fsi = Ai = Fsi = Msi =
0.24 (ft 0.002 40| -Kksi 088l .in2 32.208| -kips 68.442| -Kkips-in
0.594 -0 -10 0.88 -8.8 18.7
row h a
Mst := Z Msi Mst = 87-kips-in  Mc := 0.85-f‘c-a-b~(5 - E) Mc = n-Kips-in Mn3 := Mc + Mst Mng = 593-kips-in
i=1
row
Png = Z Fs, +0.85fc-ab Pn3 = 245-kips
i=1
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Find Pn and Mn at point of 0.50 *fy tension in bars:

. row .
d = 7.125-in ci=—— c=5793in a:=@1lc
row M 0.50-fy s
1+ ——
Es-0.003

Find Moment:

0.003 . .
€S, = (c - d.)- fs. == |f(Es-es. > fy, fy, |f(Es-ss. <0-fy,0—fy, Es-es.))
[ i c i i [ i
. . h
Fs. == fs.-A — |f(61~c > d.,0.85-f'c,0k5|)-A. Ms, = Fs.-| — — d.
| 11 | | | 1\ 2 |
di = €s, = fsi = Ai = Fsi = Msi =
0.24 (ft 0.002 40| -Kksi 088l .in2 32.208| -kips 68.442| -Kkips-in
0.594 -0.001 -20 0.88 -17.6 37.4
row
o h a o o
Mst := Ms. Mst = 106-kips-in Mc := 0.85-f'c-a-b-| — — — Mc = 509.883-Kkips-in Mn  := Mc + Mst Mn, = 616-kips-in
MM i MW 2 2 4 4
i=1
row
Pn, := z Fs, +0.85fc-ab Pn, = 216-kips
i=1
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Find Pn and Mn at Balanced:

d =7.125n Ci= —m ——— c=4881in a:=fplc
row A fy W
+ _—
Es-0.003
Find Moment:
0.003 . .
€S, = (c - d.)- fs. == |f(Es-es. > fy, fy, |f(Es-ss. <0-fy,0—fy, Es-es.))
[ i c i i [ i
. . h
Fs. == fs.-A — |f(61~c > d.,0.85-f'c,0k5|)-A. Ms, = Fs.-| — — d.
| I 1 | | | 1\ 2 |
di = €s, = fsi = Ai = Fsi = Msi =
0.24|ft 0.001 35.754| -Ksi 0.88 -in2 28.472| -kips 60.503| -kips-in
0.594 -0.001 -40 0.88 -35.2 74.8
row
L h a L S

Mst := Ms. Mst = 135-kips-in  Mc := 0.85-f'c-a-b-| — — — Mc = 495.218-kips-in Mn_ := Mc + Mst Mn_ = 631-kips-in
MV i AMWA 2 2 5 5

i=1

row
Pn, = Z Fs, +0.85fc-ab Pn_ = 163-kips

i=1
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Find Mn at ¢ Pn = 0.1*f'c*Ag:

0.1-f'c-w-h _ _ .
Png := T Png = 48-kips Png := |f(Pn6 > Png, Png, Pns) Png = 48-kips
Assume c=h/2 c:=h-05 c=>5in
M
Given
row - A
0.003 . 0.003
Png = Z (c - di)' ——Es.. if (c - di)'T'Es <fy Al
i=11 |+ —if(di < Bl-c,O.SS-f'c,O)
0.003
fy — if(d. < Bl-c,0.85-f'c,0) if (c - d.)-—-Es > fy
| | c
0.003
—fy — if(d. < Bl‘c,0.85~f'c,0) if (c - d.)~—-Es < fy
| | | C 1 ]
+ 0.85-f'c-B1-¢c-b
.= Find(c) Cc = 2.62-in
a,=if(Bl-c>h,h,Bl.c) a=2.22in
Find Moment:
0.003 . .
€S, = (c - d.)- fs. == |f(Es-es. > fy, fy, |f(Es-ss. <0-fy,0—fy, Es-es.))
[ i c i i [ i
. , . h
Fs, = fs-A - |f(61~c > di,0.85-fc,0k5|)-Ai Ms := Fs.| = - d.
di = €s, = fsi = Ai = Fsi = Msi =
2.875| -in -0 -8582.355| -psi 088l .in2 -7.552( -kips -16.049| -in-kips
7.125 -0.005 -40000 0.88 -35.2 74.8
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Mng := Mc + Mst

BY: KSM 12/16/2011

Mst = 59-kips-in

Mc = 352.831-kips-in

Mng = 412-kips-in

Png = 48-kips

R EXISTING SHEET PILE capacity.xmcd
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Find Mn at ¢ Pn = 0.0:

Pn7 = 0lb Pn7; = 0lb
Assume ¢=0.2h C= 0.2-h
Given
row el
0.003 . 0.003
Pny = Z (c - di)' - ‘Es ... if (c - di)'T'Es <fy Al

=1+ —if(di < 61-0,0.85~f'c,o)

fy — if(di < Bl-c,0.85-f'c,0) if (c— di)-&cmfs > fy

0.003
—fy — if(d. < Bl‘c,0.85~f'c,0) if (c - d.)~—-Es < fy
| | | C

+ 0.85-f'c-B1-¢c-b

.= Find(c) ¢ = 1.993-in a,=1if(Bl-c>h,h,Bl.c) a = 1.694-in
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Find Moment:

b

Fs.

-33.904

-35.2

-Kips

0.003 . .
€S, = (c - d.)- fs. == |f(Es-es. > fy, fy, |f(Es-ss. <0-fy,0—fy, Es-es.))
i i/ ¢ i i i i
Fs, = fs-A - if(61~c > di,0.85-f'c,0ksi)-Ai Ms, := Fs.
d; = fs. = A =
ft €Si = | |
0.24 .
e 5001 -38.527| -ksi 088
-0.008 40 0.88
Mst = 3-kips-in

row
Mst := Z Msi
i=1

Mc := 0.85-f'c-a-w-

N

Mn7 := Mc + Mst

BY: KSM 12/16/2011

G-3)

Mc = 287-kips-in

Mn7 = 290-kips-in

R EXISTING SHEET PILE capacity.xmcd

-72.045

74.8

-Kips-in
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Seh L S
opPry = M=
377.933| - kl[ 0
377.933 398.525
295.82 520.584
245.029 593.337
215.517 615.725
162.542 630.521
48 411.582
0 289.752

BY: KSM 12/16/2011

-Kips-in

Criteria:
Depth h = 10-in bar = 6
Width w = 12-in tie = 2
Eff. Width b = 12-in fy = 40-ksi
cover = 2.25-in f'c = 4000- psi

Ag = 120-in2 Ast = 1.76-in2

Ast .
—— =0.0147 Actual ratio p
w-h

E = 0.0147 Eff. ratio p
Ag

R EXISTING SHEET PILE capacity.xmcd
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Demand Loads Water to Top of Wall:

Axial Load from CPGA output: Po := —3.9kips Moment from CPGA output: Mg := 143kips-in

400

300

¢j-Pnj 200

kips

Po

kips 100

Fata

Ultimate Compression - Kip

—100
0 200 400 600 800

¢;j-Mn; Mg

2 bl 0
kips-in ~ Kips-in
Ultimate Moment - Kip- In

Interaction Diagram

BY: KSM 12/16/2011 R EXISTING SHEET PILE capacity.xmcd

14



Nominal Curve Used to Find Factor of Safety:

Pn

Data Points set to function: y func .= —— x func:= —
- kips-in  — kips

Degree of Polynominal Fit: k:=3
Returns a vector which interp uses to find the kth order polynomial that best fits the x and y data values

Nominal := regress(x_func,y func,k) Nominal_fit(x) := interp(Nominal,x_func,y_func,x)

2x 103 T T T

3 i
Nominal_fit(x) ~ x10

y_func

- 10— | 3 | 3 3
0 1x10 2x10 3x10

X, X_func

Strength Factor of Safety:

Read the Corresponding Moment for the demand axial load (

Pg = —3.9-kips)
[ Po
Mcapacity := Nominal_fit| — Mcapacity = 274.818
kips
Mo
Demand Moment: Mdemand i= ——— Mdemand = 143
kips-in
Mcapacit
Factor of Safety: FSstrength = —apely FSstrength = 1.9
Mdemand

BY: KSM 12/16/2011 R EXISTING SHEET PILE capacity.xmcd
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FEMA 310 GUIDANCE

4.2.4.4 Component Strength

Component strength for all actions shall be taken as
the expected strength, Q... Unkss cakulated
otherwise, the expected strength shall be assumed
equal to the nominal strength mu tiplied by 1.25.
Alternatvely, f allowable stresses are used, nommal
strengths shall be taken as the allwable vahies

mmubtiplied by the folkmaring va hes:
Steel 1.7
Masonry 2.5
Wood 20

Except for wood diaphragms and wood and masonry
shear wallks, the allowabk vales shall not inchde a
one-third merease for short term lnadmg.

When cakulating capacities of deteriorated elements,
the evaluatmg design professiona | shall make

ition Handbook FEMA 310
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Probability of Failure — °ysvize-dt
V:
US Army Corps CIDMO Type R floodwall
of Engineers. pile footings
18" Pile capacity
I. Objective

The computations below show the process used to calculate the Reliability and the
Probability of Failure.

Il1. References

1. Reliability-Based Design in Civil Engineering by Milton E. Harr, Dover Publications Inc. 1996
2. FEMA 310, Section 4.2.4.4, states, the mean strength (or expected strength) for Risk and
Uncertainty calculations shall be taken as 125% of the design strength

I1l. Situation

1. This structure does not meet the allowable compression loads for which it has been
determined 99.8% reliability can be assigned. See mathcad sheets for calculations.
2. EM 1110-2-561 states that the coefficient of variation (COV) are the following:
Compression Capacity 25%
Tension Capacity 18%
3. Values used for original capacity check:
Allowable Compression Capacity P.ajjow = 37-17Kip

Allowable Tension Capacity Piallow = 20.25kip

IV. Variable Definitions
FSm = Factor of Safety under mean material parameters
FS, = Factor of Safety due to upper bound value of the ULTIMATE PILE COMPRESSION CAPACITY

FS| = Factor of Safety due to lower bound value of the ULTIMATE PILE COMPRESSION CAPACITY

AFc= Difference in Factors of Safety due to change in ULTIMATE PILE COMPRESSION CAPACITY

CF = Standard Deviation of the Factor of Safety

Ve = Coefficient of Variation of the Factor of Safety

By = Lognormal Reliability Index

R = Reliability

P= = Probability that the factor of safety is less than 1.0 ( Probability of Failure)

Probablity of Failure Sheet 1 of 7



Calculating Factors of Safety
WATER AT TOP OF WALL

18-inch tapered piles

Actual Compression on Piles

P, = 42.8Kip

Ultimate Compression Capacity
Peult = 63.184kip

Peupper = Peult'1:25 = 78.98-kip

Pelower = Peult0-75 = 47.388-kip

Mean Factor of Safety

P
cult
FS\m = P_ FS\ = 1.476
u

Upper Axial Compression Capacity

P
FSy = —P FS, = 1.845
PU

Lower Axial Compression Capacity

Pclower

FS| =
P

FS| = 1.107
u

Probablity of Failure
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V1. Probability of Failure Calculation

AFc = FS, - FS AFc =0.738
ARG
Of = E— O = 0.369
2
(o)
F
Vpi= —
F FS\ Vg =0.25
FSm

In

’ 2
1+VF

’In 1+ VF
R,= cnorm(B ) R=9277-%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

PE=1-R PE=7.23%

Probablity of Failure Sheet 3 of 7




V. Calculating Factors of Safety

WATER AT 1-FOOT DOWN FROM TOP OF WALL

18-inch tapered piles

Actual Compression on Piles

Py.i= 38kip

Ultimate Compression Capacity

Pouppen:= Poult1:25 = 78.98-Kkip
Polawes:= Peult'0-75 = 47.388-kip

Mean Factor of Safety

FSpp = —— FSpm = 1.663

Upper Axial Compression Capacity

P
___cupper _
FS, = b FS, =2.078
u

Lower Axial Compression Capacity

FS) o Pclower

FS| = 1.247
u

Probablity of Failure
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V1. Probability of Failure Calculation

AFGc = FS, — FS) AF¢ = 0.831
ARG
O = —_— or = 0.416
g
F
M= Ve = 0.25
FSu F=0

FSm
Inf —
B T—/— BN = 1.942
’ ( Zj
In| 1+ VF

R,= cnorm(B ) R=197.39-%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

Pri=1-R PE = 2.61.%

Probablity of Failure
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V. Calculating Factors of Safety

WATER AT 2-FOOT DOWN FROM TOP OF WALL

18-inch tapered piles

Actual Compression on Piles

Pu.i= 33.6kip

Ultimate Compression Capacity

Pouppen:= Poult1:25 = 78.98-Kkip
Polawes:= Peult'0-75 = 47.388-kip

Mean Factor of Safety

FSp = —— FSp = 1.88

Upper Axial Compression Capacity

P
___cupper _
FS, = b FS, =2351
u

Lower Axial Compression Capacity

FS) o Pclower

FS| = 1.41
u

Probablity of Failure
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V1. Probability of Failure Calculation

AFG = FS, — FS| AFc =094
ARG

O = —_— or = 0.47

v F

w FS\ Vg =0.25

FSm
Inf —
B T—/— BLN = 2442
’ ( Zj
In| 1+ VF

R,= cnorm(B ) R=99.27-%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

Pri=1-R Pe=0.73-%

Probablity of Failure
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CIDMOR.TXT
CPGA - CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 07-DEC-2011 RUN TIME: 14.42.38

FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE
NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.

ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3-DIMENSIONAL PROBLEMS.

CID-MO SECTION TYPE R
DATA UNKNOWN - REJECTED.

THERE ARE 56 PILES AND
1 LOAD CASES IN THIS RUN.

ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX

X Y z
WITH DIAGONAL COORDINATES = (  -20.50 , 2.00 , .00 )
( 20.50 . 11.50 , .00 )
PILE PROPERTIES AS INPUT
E 11 12 A c33
KS1 IN**4 IN**4 IN**2

-36050E+04 .42180E+04 .42180E+04 .22500E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14

E 11 12 A C33
KSl IN**4 IN**4 IN**2

.36050E+04 -10000E+04 -14400E+04 -12000E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -

15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 35 36 37 38 39 40 41 42 43 44 46
47 48 49 50 51 52 53 54 55 56
SOIL DESCRIPTIONS AS INPUT
NH ESOIL LENGTH L LU
K/ IN**3 FT FT
.60000E-01 L .20000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
K/ IN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14
NH ESOIL LENGTH L LU
K/ IN**3 FT FT
.60000E-01 L -15000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
KZIN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 3 36 37 38 39 40 41 42 43 44 46

47 48 49 50 51 52 53 54 55 56
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STIFFNESSES AS CALCULATED FROM PROPERTIES

PILE
-14829E+03 .00000E+00 -00000E+00
-00000E+00 .14829E+03 -00000E+00
-00000E+00 -00000E+00 .67594E+04
-00000E+00 -.66141E+04 -00000E+00
.66141E+04 .00000E+00 -00000E+00
.00000E+00 -00000E+00 -00000E+00

-00000E+00
-.66141E+04
-00000E+00
-47570E+06
-00000E+00
-00000E+00

THIS MATRIX APPLIES TO THE FOLLOWING PILES -

1

* Kk ok Kk K X

LENGTH LESS

* K K* K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * * KX K* X

LENGTH LESS

* Kk ok Kk K K

* K* KX KX KX X

LENGTH LESS

EE S

* Kk ok Kk K X

LENGTH LESS

* * * KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K K* K* K* X

EE S

LENGTH LESS

* K* KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* * * KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kk

THAN 5T2 FOR PILE

* K Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

*

.66141E+04
.00000E+00
-0O0000E+00
-0O0000E+00
-47570E+06
.00000E+00
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* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* * * K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K * KX K* X

LENGTH LESS

* Kk ok Kk K X

* * KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk K X

LENGTH LESS

* K Kk KX * X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K * KX * X

LENGTH LESS

* Kk ok Kk K K

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* * * K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk ok Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K K* K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* * KX KX KX X

* K K* K* K* X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* KX

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Kx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* KX

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* KX

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K Kk Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kk

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

*

*

*
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* Kk Kk Kk K X

LENGTH LESS

* * K* K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * * K* K* X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K * K* K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K K* Kk KX X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk Kk X

LENGTH LESS

* K K* K* KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* KX Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

*

*
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P1

NUM
F
1 -18
2 -12
3 -6

4
5 6
6 12
7 18
8 -18
9 -12
10 -6

11
12 6
13 12
14 18
15 -20
16 -19
17 -18
18 -17
19 -16
20 -15
21 -14
22 -13
23 -12
24 -11
25 -10
26 -9
27 -8
28 -7
29 -6
30 -5

LE GEOMETRY AS INPUT
X Y

T FT
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50

AND/OR GENERATED

z
FT

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

BATTER

<LK LKL L LKL L LKL LKL L LK LKL LK LKL L L L 1L 1 1< <

ANGLE

LENGTH
FT
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
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31 -4.50 11.50 .00 Vv 00 15.00 F
32 -3.50 11.50 .00 \ 00 15.00 F
33 -2.50 11.50 .00 \ 00 15.00 F
34 -1.50 11.50 .00 \Y 00 15.00 F
35 -.50 11.50 00 Vv 00 15.00 F
36 .50 11.50 00 Vv 00 15.00 F
37 1.50 11.50 00 \ 00 15.00 F
38 2.50 11.50 00 \Y 00 15.00 F
39 3.50 11.50 00 Vv 00 15.00 F
40 4.50 11.50 00 \ 00 15.00 F
41 5.50 11.50 00 \ 00 15.00 F
42 6.50 11.50 00 Y 00 15.00 F
43 7.50 11.50 00 Vv 00 15.00 F
44 8.50 11.50 00 \ 00 15.00 F
45 9.50 11.50 00 \ 00 15.00 F
46 10.50 11.50 00 \Y 00 15.00 F
47 11.50 11.50 00 Vv 00 15.00 F
48 12.50 11.50 00 Vv 00 15.00 F
49 13.50 11.50 00 \ 00 15.00 F
50 14.50 11.50 00 \Y 00 15.00 F
51 15.50 11.50 00 Vv 00 15.00 F
52 16.50 11.50 00 \ 00 15.00 F
53 17.50 11.50 00 \ 00 15.00 F
54 18.50 11.50 00 \Y 00 15.00 F
55 19.50 11.50 00 Vv 00 15.00 F
56 20.50 11.50 00 \ 00 15.00 F
910.00
APPLIED LOADS
LOAD PX PY PZ MX MY MZ
CASE K K K FT-K FT-K FT-K
1 .0 -291.7 295.4 571.7 .0 .0

ORIGINAL PILE GROUP STIFFNESS MATRIX

.61279E+04 -00000E+00 -00000E+00 -00000E+00 .23837E+06 -.65881E+06
-00000E+00 .55780E+04 -00000E+00 -.20972E+06 -00000E+00 -.50932E-10
-00000E+00 -00000E+00 -29651E+06 -32402E+08 -00000E+00 -00000E+00
-00000E+00 -.20972E+06 -32402E+08 -41301E+10 -O0000E+00 -.34925E-09
-23837E+06 .00000E+00 -00000E+00 -00000E+00 .62484E+10 -.24561E+08
-.65881E+06 -.50932E-10 -0O0000E+00 -.34925E-09 -.24561E+08 -20028E+09

56 PILES 1 LOAD CASES
LOAD CASE 1. NUMBER OF FAILURES = 56. NUMBER OF PILES IN TENSION = 42.

PILE CAP DISPLACEMENTS

LOAD
CASE DX DY Dz RX RY RZ
IN IN IN RAD RAD RAD
1 -.2329E-17 -.5464E-01 .7833E-02 -.6257E-04 .3701E-23 -.2167E-19
PILE FORCES IN LOCAL GEOMETRY
M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO
(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS
LOAD CASE - 1
PILE F1 F2 F3 M1 M2 M3  ALF CBF
K K K IN-K IN-K IN-K
1 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
2 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
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3 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
4 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
5 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
6 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
7 .0 -7.7 42.8 331.6 .0 .0 3.90 .76 .00 .00*
8 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
9 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
10 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
11 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
12 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
13 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
14 .0 -7.7 22.5 331.6 .0 .0 2.05 .83 .00 .00*
15 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
16 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
17 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
18 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
19 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
20 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
21 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
22 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
23 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
24 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
25 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
26 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
27 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
28 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
29 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
30 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
31 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
32 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
33 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
34 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
35 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
36 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
37 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
38 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
39 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
40 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
41 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
42 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
43 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
44 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
45 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
46 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
47 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
48 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
49 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
50 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
51 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
52 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
53 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
54 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
55 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
56 .0 -4.4 -3.9 143.0 .0 .0 7.26 1.48 .00 .00*
PILE FORCES IN GLOBAL GEOMETRY
LOAD CASE - 1
PILE PX PY PZ MX MY MZ
K K K IN-K IN-K IN-K
1 .0 -7.7 42.8 331.6 .0 -0
2 .0 -7.7 42.8 331.6 .0 .0
3 .0 -7.7 42.8 331.6 .0 .0
4 .0 -7.7 42.8 331.6 .0 .0
5 .0 -7.7 42.8 331.6 .0 .0
6 .0 -7.7 42.8 331.6 .0 .0
7 .0 -7.7 42.8 331.6 .0 .0
8 .0 -7.7 22.5 331.6 .0 .0
9 .0 -7.7 22.5 331.6 .0 .0
10 .0 -7.7 22.5 331.6 .0 .0
11 .0 -7.7 22.5 331.6 .0 .0
12 .0 -7.7 22.5 331.6 .0 .0
13 .0 -7.7 22.5 331.6 .0 .0
14 .0 -7.7 22.5 331.6 .0 .0
15 .0 -4.4 -3.9 143.0 .0 .0
16 .0 -4.4 -3.9 143.0 .0 .0
17 .0 -4.4 -3.9 143.0 .0 .0
18 .0 -4.4 -3.9 143.0 .0 .0
19 .0 -4.4 -3.9 143.0 .0 .0
20 .0 -4.4 -3.9 143.0 .0 .0
21 .0 -4.4 -3.9 143.0 0 .0
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22 .0 -4.4
23 .0 -4.4
24 .0 -4.4
25 .0 -4.4
26 .0 -4.4
27 .0 -4.4
28 .0 -4.4
29 .0 -4.4
30 .0 -4.4
31 .0 -4.4
32 .0 -4.4
33 .0 -4.4
34 .0 -4.4
35 .0 -4.4
36 .0 -4.4
37 .0 -4.4
38 .0 -4.4
39 .0 -4.4
40 .0 -4.4
41 .0 -4.4
42 .0 -4.4
43 .0 -4.4
44 .0 -4.4
45 .0 -4.4
46 .0 -4.4
47 .0 -4.4
48 .0 -4.4
49 .0 -4.4
50 .0 -4.4
51 .0 -4.4
52 .0 -4.4
53 .0 -4.4
54 .0 -4.4
55 .0 -4.4
56 .0 -4.4

NO FILES WERE GENERATED DURING
Stop - Program terminated.

-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.

DOV OVOVOVOOOOVVOVOVOVOOOOVOVOVOVOOOOOVOVOVOVWOWWOWOWOWOWWO

THIS RUN.

143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.
143.

[e}ololololololololojololololololololololololololololololololololo o]
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Page 7

[e}ololololololojolololololololololololololololololololololololofo o]
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CPGA - CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 08-DEC-2011 RUN TIME: 21.02.37

FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE
NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.

ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3-DIMENSIONAL PROBLEMS.

CID-MO SECTION TYPE R
DATA UNKNOWN - REJECTED.

THERE ARE 56 PILES AND
1 LOAD CASES IN THIS RUN.

ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX

X Y z
WITH DIAGONAL COORDINATES = (  -20.50 , 2.00 , .00 )
( 20.50 . 11.50 , .00 )
PILE PROPERTIES AS INPUT
E 11 12 A c33
KS1 IN**4 IN**4 IN**2

-36050E+04 .42180E+04 .42180E+04 .22500E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14

E 11 12 A C33
KSl IN**4 IN**4 IN**2

.36050E+04 -10000E+04 -14400E+04 -12000E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -

15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 35 36 37 38 39 40 41 42 43 44 46
47 48 49 50 51 52 53 54 55 56
SOIL DESCRIPTIONS AS INPUT
NH ESOIL LENGTH L LU
KZIN**3 FT FT
.60000E-01 L .20000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
K/ IN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14
NH ESOIL LENGTH L LU
K/ IN**3 FT FT
.60000E-01 L -15000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
KZIN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 3 36 37 38 39 40 41 42 43 44 46

47 48 49 50 51 52 53 54 55 56
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STIFFNESSES AS CALCULATED FROM PROPERTIES

PILE
-14829E+03 .00000E+00 -00000E+00
-00000E+00 .14829E+03 -00000E+00
-00000E+00 -00000E+00 .67594E+04
-00000E+00 -.66141E+04 -00000E+00
.66141E+04 .00000E+00 -00000E+00
.00000E+00 -00000E+00 -00000E+00

-00000E+00
-.66141E+04
-00000E+00
-47570E+06
-00000E+00
.00000E+00

THIS MATRIX APPLIES TO THE FOLLOWING PILES -

1

* Kk Kk Kk K X

LENGTH LESS

* K Kk K* KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk KX KX X

LENGTH LESS

* Kk ok Kk K K

* K* KX Kk KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* K Kk KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * Kk K* K* X

LENGTH LESS

* Kk ok Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk K X

LENGTH LESS

* K K* KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk KX K* X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk K X

LENGTH LESS

* K Kk K* KX X

* Kk Kk Kk Kk X

LENGTH LESS

* K* KX KX KX X

* K Kk KX K* X

LENGTH LESS

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K Kk Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kk

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* KX Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk x

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk x

* * Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* KX

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

*

.66141E+04
.00000E+00
-0O0000E+00
-00000E+00
-47570E+06
.00000E+00

Page 2

-00000E+00
-00000E+Q0
-00000E+00
-00000E+00
-00000E+00
-00000E+00



* Kk ok Kk Kk K

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* K Kk KX KX X

EE S

LENGTH LESS

* K* KX KX KX X

* * K* KX KX X

LENGTH LESS

* Kk ok Kk K K

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk K

LENGTH LESS

* K Kk KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * K* KX KX X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* K Kk KX KX X

EE S

LENGTH LESS

* K* KX KX KX X

* K Kk K* KX X

LENGTH LESS

* Kk Kk Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* * K* KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk K* KX X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk Kk Kk Kk Kk X

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk x

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* K* Kk Kk Kk Kk K* K* X

THAN 5T2 FOR PILE

* * Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk X

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* KX

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K K Kk Kk X

* Kk Kk Kk Kk Kk Kk K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* K* Kk Kk Kk Kk K* K* X

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk x

* KX Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk x

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kk

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kk

*

*

*

CIDMOR1.TXT
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* Kk ok Kk Kk K

LENGTH LESS

* K Kk K* KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX Kk KX X

* K Kk KX KX X

LENGTH LESS

* Kk Kk Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K K

LENGTH LESS

* * K* KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk KX K* X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K K* KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* * Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K K Kk Kk X

* Kk Kk Kk Kk Kk K* K* KX

THAN 5T2 FOR PILE

* * Kk Kk Kk Kk Kk Kk X

* K K K K K Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk X

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K K Kk Kk X

* Kk Kk Kk Kk Kk Kk K* KX

THAN 5T2 FOR PILE

* K Kk Kk Kk Kk Kk Kk X

*

*

CIDMOR1.TXT

P1

NUM
F
1 -18
2 -12
3 -6

4
5 6
6 12
7 18
8 -18
9 -12
10 -6

11
12 6
13 12
14 18
15 -20
16 -19
17 -18
18 -17
19 -16
20 -15
21 -14
22 -13
23 -12
24 -11
25 -10
26 -9
27 -8
28 -7
29 -6
30 -5

LE GEOMETRY AS INPUT
X Y

T FT
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50

AND/OR GENERATED

z
FT

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

BATTER

LI L L <L L L L L L L L L L <L Ll <1l <Ll <l <l < << < <<

ANGLE

LENGTH
FT
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00 15.00
.00 15.00
.00 15.00
.00  15.00
.00 15.00
.00 15.00
.00 15.00
.00  15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00  15.00
.00 15.00
.00 15.00
.00 15.00

Page 4
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31 -4.50 11.50 .00 \ 00 15.00 F
32 -3.50 11.50 .00 \ 00 15.00 F
33 -2.50 11.50 .00 \ 00 15.00 F
34 -1.50 11.50 .00 \Y 00 15.00 F
35 -.50 11.50 00 \ 00 15.00 F
36 .50 11.50 00 \ 00 15.00 F
37 1.50 11.50 00 \ 00 15.00 F
38 2.50 11.50 00 \Y 00 15.00 F
39 3.50 11.50 00 \ 00 15.00 F
40 4.50 11.50 00 \ 00 15.00 F
41 5.50 11.50 00 \ 00 15.00 F
42 6.50 11.50 00 \Y 00 15.00 F
43 7.50 11.50 00 \ 00 15.00 F
44 8.50 11.50 00 \ 00 15.00 F
45 9.50 11.50 00 \ 00 15.00 F
46 10.50 11.50 00 \Y 00 15.00 F
47 11.50 11.50 00 \ 00 15.00 F
48 12.50 11.50 00 \ 00 15.00 F
49 13.50 11.50 00 \ 00 15.00 F
50 14.50 11.50 00 \Y 00 15.00 F
51 15.50 11.50 00 \ 00 15.00 F
52 16.50 11.50 00 \ 00 15.00 F
53 17.50 11.50 00 \ 00 15.00 F
54 18.50 11.50 00 \Y 00 15.00 F
55 19.50 11.50 00 \ 00 15.00 F
56 20.50 11.50 00 \ 00 15.00 F
910.00
APPLIED LOADS
LOAD PX PY PZ MX MY MZ
CASE K K K FT-K FT-K FT-K
1 .0 -251.0 288.2 772.9 .0 .0

ORIGINAL PILE GROUP STIFFNESS MATRIX

.61279E+04 -00000E+00 -00000E+00 -00000E+00 .23837E+06 -.65881E+06
-00000E+00 .55780E+04 -00000E+00 -.20972E+06 -00000E+00 -.50932E-10
-00000E+00 -00000E+00 -29651E+06 -32402E+08 -00000E+00 -00000E+00
-00000E+00 -.20972E+06 -32402E+08 -41301E+10 -0O0000E+00 -.34925E-09
-23837E+06 .00000E+00 -00000E+00 -00000E+00 .62484E+10 -.24561E+08
-.65881E+06 -.50932E-10 -0O0000E+00 -.34925E-09 -.24561E+08 -20028E+09

56 PILES 1 LOAD CASES
LOAD CASE 1. NUMBER OF FAILURES = 56. NUMBER OF PILES IN TENSION = 42.

PILE CAP DISPLACEMENTS

LOAD
CASE DX DY Dz RX RY RZ
IN IN IN RAD RAD RAD
1 -.2006E-17 -.4705E-01 .6922E-02 -._.5445E-04 .3187E-23 -.1866E-19
PILE FORCES IN LOCAL GEOMETRY
M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO
(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS
LOAD CASE - 1
PILE F1 F2 F3 M1 M2 M3  ALF CBF
K K K IN-K IN-K IN-K
1 .0 -6.6 38.0 285.3 .0 .0 3.46 .71 .00 .00*
2 .0 -6.6 38.0 285.3 .0 .0 3.46 .71 .00 .00*
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3 .0 -6.6 38.0 285.3 -0 03.46 .71 .00 .00*
4 .0 -6.6 38.0 285.3 .0 .0 3.46 .71 .00 .00*
5 .0 -6.6 38.0 285.3 .0 .0 3.46 .71 .00 .00*
6 .0 -6.6 38.0 285.3 .0 .0 3.46 .71 .00 .00*
7 .0 -6.6 38.0 285.3 -0 .0 3.46 .71 .00 .00*
8 .0 -6.6 20.3 285.3 .0 .01.85 .77 .00 .00*
9 .0 -6.6 20.3 285.3 .0 .01.85 .77 .00 .00*
10 .0 -6.6 20.3 285.3 .0 .0 1.8 .77 .00 .00*
11 .0 -6.6 20.3 285.3 -0 .01.85 .77 .00 .00*
12 .0 -6.6 20.3 285.3 .0 .01.85 .77 .00 .00*
13 .0 -6.6 20.3 285.3 .0 .01.85 .77 .00 .00*
14 .0 -6.6 20.3 285.3 .0 .01.85 .77 .00 .00*
15 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
16 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
17 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
18 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
19 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
20 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
21 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
22 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
23 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
24 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
25 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
26 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
27 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
28 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
29 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
30 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
31 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
32 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
33 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
34 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
35 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
36 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
37 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
38 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
39 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
40 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
41 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
42 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
43 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
44 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
45 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
46 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
a7 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
48 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
49 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
50 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
51 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
52 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
53 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
54 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
55 .0 -3.8 -2.8 123.0 -0 .0 5.37 1.26 .00 .00*
56 .0 -3.8 -2.8 123.0 .0 .0 5.37 1.26 .00 .00*
PILE FORCES IN GLOBAL GEOMETRY
LOAD CASE - 1
PILE PX PY Pz MX MY Mz
K K K IN-K IN-K IN-K
1 .0 -6.6 38.0 285.3 -0 -0
2 .0 -6.6 38.0 285.3 .0 -0
3 .0 -6.6 38.0 285.3 .0 .0
4 .0 -6.6 38.0 285.3 .0 .0
5 .0 -6.6 38.0 285.3 .0 .0
6 .0 -6.6 38.0 285.3 .0 -0
7 .0 -6.6 38.0 285.3 .0 .0
8 .0 -6.6 20.3 285.3 .0 .0
9 .0 -6.6 20.3 285.3 .0 .0
10 .0 -6.6 20.3 285.3 .0 -0
11 .0 -6.6 20.3 285.3 .0 .0
12 .0 -6.6 20.3 285.3 .0 .0
13 .0 -6.6 20.3 285.3 .0 .0
14 .0 -6.6 20.3 285.3 .0 -0
15 .0 -3.8 -2.8 123.0 .0 .0
16 .0 -3.8 -2.8 123.0 .0 .0
17 .0 -3.8 -2.8 123.0 .0 .0
18 .0 -3.8 -2.8 123.0 .0 -0
19 .0 -3.8 -2.8 123.0 .0 .0
20 .0 -3.8 -2.8 123.0 .0 .0
21 .0 -3.8 -2.8 123.0 0 .0
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22 .0 -3.8
23 .0 -3.8
24 .0 -3.8
25 .0 -3.8
26 .0 -3.8
27 .0 -3.8
28 .0 -3.8
29 .0 -3.8
30 .0 -3.8
31 .0 -3.8
32 .0 -3.8
33 .0 -3.8
34 .0 -3.8
35 .0 -3.8
36 .0 -3.8
37 .0 -3.8
38 .0 -3.8
39 .0 -3.8
40 .0 -3.8
41 .0 -3.8
42 .0 -3.8
43 .0 -3.8
44 .0 -3.8
45 .0 -3.8
46 .0 -3.8
47 .0 -3.8
48 .0 -3.8
49 .0 -3.8
50 .0 -3.8
51 .0 -3.8
52 .0 -3.8
53 .0 -3.8
54 .0 -3.8
55 .0 -3.8
56 .0 -3.8

NO FILES WERE GENERATED DURING
Stop - Program terminated.

-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.

00 00 00 00 0O 00 00 00 00 00 00 CO 0O 00 0O 00 00 OO 0O CO 0O 00 00 00 00 OO 0O 0O 00 00 00 OO OO C0 0o

THIS RUN.

123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.
123.

[e}ololololololololojololololololololololololololololololololololo o]
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CIDMOR2.TXT
CPGA - CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 08-DEC-2011 RUN TIME: 21.03.50

FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE
NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.

ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3-DIMENSIONAL PROBLEMS.

CID-MO SECTION TYPE R
DATA UNKNOWN - REJECTED.

THERE ARE 56 PILES AND
1 LOAD CASES IN THIS RUN.

ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX

X Y z
WITH DIAGONAL COORDINATES = (  -20.50 , 2.00 , .00 )
( 20.50 . 11.50 , .00 )
PILE PROPERTIES AS INPUT
E 11 12 A c33
KS1 IN**4 IN**4 IN**2

-36050E+04 .42180E+04 .42180E+04 .22500E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14

E 11 12 A C33
KSl IN**4 IN**4 IN**2

.36050E+04 -10000E+04 -14400E+04 -12000E+03 .20000E+01 -00000E+00

THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -

15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 35 36 37 38 39 40 41 42 43 44 46
47 48 49 50 51 52 53 54 55 56
SOIL DESCRIPTIONS AS INPUT
NH ESOIL LENGTH L LU
KZIN**3 FT FT
.60000E-01 L .20000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
K/ IN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
1 2 3 4 5 6 7 8 9 10 11 12 13 14
NH ESOIL LENGTH L LU
K/ IN**3 FT FT
.60000E-01 L -15000E+02 -00000E+00
ESOIL(ORIGINAL) RGROUP RCYCLIC
KZIN**3
-60000E-01 -1000E+01 .1000E+01
THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
15 16 17 18 19 20 21 22 23 24 25 26 27 28 30
31 32 33 34 3 36 37 38 39 40 41 42 43 44 46

47 48 49 50 51 52 53 54 55 56
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STIFFNESSES AS CALCULATED FROM PROPERTIES

PILE
-14829E+03 .00000E+00 -00000E+00
-00000E+00 .14829E+03 -00000E+00
-00000E+00 -00000E+00 .67594E+04
-00000E+00 -.66141E+04 -00000E+00
.66141E+04 .00000E+00 -00000E+00
.00000E+00 -00000E+00 -00000E+00

-00000E+00
-.66141E+04
-00000E+00
-47570E+06
-00000E+00
.00000E+00

THIS MATRIX APPLIES TO THE FOLLOWING PILES -

1

* Kk Kk Kk K X

LENGTH LESS

* K Kk K* KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk KX KX X

LENGTH LESS

* Kk ok Kk K K

* K* KX Kk KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* K Kk KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * Kk K* K* X

LENGTH LESS

* Kk ok Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk K X

LENGTH LESS

* K K* KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk KX K* X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk K X

LENGTH LESS

* K Kk K* KX X

* Kk Kk Kk Kk X

LENGTH LESS

* K* KX KX KX X

* K Kk KX K* X

LENGTH LESS

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K Kk Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kk

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* KX Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk x

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk x

* * Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* Kx

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kx

* Kk Kk Kk Kk Kk Kk Kk Xx

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* KX

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

*

.66141E+04
.00000E+00
-0O0000E+00
-00000E+00
-47570E+06
.00000E+00
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-00000E+00
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-00000E+00
-00000E+00
-00000E+00
-00000E+00



* Kk ok Kk Kk K

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* K Kk KX KX X

EE S

LENGTH LESS

* K* KX KX KX X

* * K* KX KX X

LENGTH LESS

* Kk ok Kk K K

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk K

LENGTH LESS

* K Kk KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* * K* KX KX X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* K Kk KX KX X

EE S

LENGTH LESS

* K* KX KX KX X

* K Kk K* KX X

LENGTH LESS

* Kk Kk Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk Kk X

LENGTH LESS

* * K* KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk K* KX X

LENGTH LESS

* Kk ok Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk Kk Kk Kk Kk Kk Kk X

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk x

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* K* Kk Kk Kk Kk K* K* X

THAN 5T2 FOR PILE

* * Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk X

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* KX

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K K Kk Kk X

* Kk Kk Kk Kk Kk Kk K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K* Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* K* Kk Kk Kk Kk K* K* X

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk x

* KX Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk x

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk K* K* Kk

THAN 5T2 FOR PILE

* KX Kk Kk Kk Kk Kk Kk X

* K K K Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* Kk

*

*

*

CIDMOR2.TXT
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* Kk ok Kk Kk K

LENGTH LESS

* K Kk K* KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX Kk KX X

* K Kk KX KX X

LENGTH LESS

* Kk Kk Kk Kk X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K K

LENGTH LESS

* * K* KX K* X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* K Kk KX K* X

LENGTH LESS

* Kk Kk Kk K X

* K* KX KX KX X

LENGTH LESS

* Kk Kk Kk Kk K

* Kk ok Kk K X

LENGTH LESS

* K K* KX KX X

* Kk Kk Kk Kk K

LENGTH LESS

* K* KX KX KX X

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K Kk Kk Kk X

* Kk Kk Kk Kk Kk Kk K* x

THAN 5T2 FOR PILE

* K* Kk Kk Kk Kk Kk Kk X

* K K K K Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk Xx

* * Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk K* K* x

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K K Kk Kk X

* Kk Kk Kk Kk Kk K* K* KX

THAN 5T2 FOR PILE

* * Kk Kk Kk Kk Kk Kk X

* K K K K K Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk Kk X

* K Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* Kk Kk Kk Kk Kk Kk K* x

* Kk Kk Kk Kk Kk Kk Kk X

THAN 5T2 FOR PILE

* K K K K K Kk Kk X

* Kk Kk Kk Kk Kk Kk K* KX

THAN 5T2 FOR PILE

* K Kk Kk Kk Kk Kk Kk X

*

*
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P1

NUM
F
1 -18
2 -12
3 -6

4
5 6
6 12
7 18
8 -18
9 -12
10 -6

11
12 6
13 12
14 18
15 -20
16 -19
17 -18
18 -17
19 -16
20 -15
21 -14
22 -13
23 -12
24 -11
25 -10
26 -9
27 -8
28 -7
29 -6
30 -5

LE GEOMETRY AS INPUT
X Y

T FT
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 2.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.00 6.00
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50
.50 11.50

AND/OR GENERATED

z
FT

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

BATTER

LI L L <L L L L L L L L L L <L Ll <1l <Ll <l <l < << < <<

ANGLE

LENGTH
FT
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00  20.00
.00 15.00
.00 15.00
.00 15.00
.00  15.00
.00 15.00
.00 15.00
.00 15.00
.00  15.00
.00 15.00
.00 15.00
.00 15.00
.00 15.00
.00  15.00
.00 15.00
.00 15.00
.00 15.00

Page 4

FIXITY

TMTTTMTTTMTTTTTTTMT T T T TMTT T T T T TTTT



CIDMOR2.TXT

31 -4.50 11.50 .00 \ 00 15.00 F
32 -3.50 11.50 .00 \ 00 15.00 F
33 -2.50 11.50 .00 \ 00 15.00 F
34 -1.50 11.50 .00 \Y 00 15.00 F
35 -.50 11.50 00 \ 00 15.00 F
36 .50 11.50 00 \ 00 15.00 F
37 1.50 11.50 00 \ 00 15.00 F
38 2.50 11.50 00 \Y 00 15.00 F
39 3.50 11.50 00 \ 00 15.00 F
40 4.50 11.50 00 \ 00 15.00 F
41 5.50 11.50 00 \ 00 15.00 F
42 6.50 11.50 00 \Y 00 15.00 F
43 7.50 11.50 00 \ 00 15.00 F
44 8.50 11.50 00 \ 00 15.00 F
45 9.50 11.50 00 \ 00 15.00 F
46 10.50 11.50 00 \Y 00 15.00 F
47 11.50 11.50 00 \ 00 15.00 F
48 12.50 11.50 00 \ 00 15.00 F
49 13.50 11.50 00 \ 00 15.00 F
50 14.50 11.50 00 \Y 00 15.00 F
51 15.50 11.50 00 \ 00 15.00 F
52 16.50 11.50 00 \ 00 15.00 F
53 17.50 11.50 00 \ 00 15.00 F
54 18.50 11.50 00 \Y 00 15.00 F
55 19.50 11.50 00 \ 00 15.00 F
56 20.50 11.50 00 \ 00 15.00 F
910.00
APPLIED LOADS
LOAD PX PY PZ MX MY MZ
CASE K K K FT-K FT-K FT-K
1 .0 -213.0 281.1 937.4 .0 .0

ORIGINAL PILE GROUP STIFFNESS MATRIX

.61279E+04 -00000E+00 -00000E+00 -00000E+00 .23837E+06 -.65881E+06
-00000E+00 .55780E+04 -00000E+00 -.20972E+06 -00000E+00 -.50932E-10
-00000E+00 -00000E+00 -29651E+06 -32402E+08 -00000E+00 -00000E+00
-00000E+00 -.20972E+06 -32402E+08 -41301E+10 -0O0000E+00 -.34925E-09
-23837E+06 .00000E+00 -00000E+00 -00000E+00 .62484E+10 -.24561E+08
-.65881E+06 -.50932E-10 -0O0000E+00 -.34925E-09 -.24561E+08 -20028E+09

56 PILES 1 LOAD CASES
LOAD CASE 1. NUMBER OF FAILURES = 56. NUMBER OF PILES IN TENSION = 42.

PILE CAP DISPLACEMENTS

LOAD
CASE DX DY Dz RX RY RZ
IN IN IN RAD RAD RAD
1 -.1704E-17 -.3997E-01 .6112E-02 -.4726E-04 .2708E-23 -.1585E-19
PILE FORCES IN LOCAL GEOMETRY
M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO
(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS
LOAD CASE - 1
PILE F1 F2 F3 M1 M2 M3  ALF CBF
K K K IN-K IN-K IN-K
1 .0 -5.6 33.6 241.9 .0 .0 3.06 .67 .00 .00*
2 .0 -5.6 33.6 241.9 .0 .0 3.06 .67 .00 .00O*
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3 .0 -5.6 33.6 241.9 .0 0 3.06 .67 .00 .00*
4 .0 -5.6 33.6 241.9 .0 .0 3.06 .67 .00 .00*
5 .0 -5.6 33.6 241.9 .0 .0 3.06 .67 .00 .00*
6 .0 -5.6 33.6 241.9 .0 .0 3.06 .67 .00 .00*
7 .0 -5.6 33.6 241.9 .0 .0 3.06 .67 .00 .00*
8 .0 -5.6 18.3 241.9 .0 .0 1.67 .72 .00 .00*
9 .0 -5.6 18.3 241.9 .0 .0 1.67 .72 .00 .00*
10 .0 -5.6 18.3 241.9 .0 .0 1.67 .72 .00 .00*
11 .0 -5.6 18.3 241.9 .0 .0 1.67 .72 .00 .00*
12 .0 -5.6 18.3 241.9 .0 .0 1.67 .72 .00 .00*
13 .0 -5.6 18.3 241.9 .0 .0 1.67 .72 .00 .00*
14 .0 -5.6 18.3 241.9 .0 .0 1.67 .72 .00 .00*
15 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
16 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
17 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
18 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
19 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
20 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
21 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
22 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
23 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
24 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
25 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
26 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
27 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
28 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
29 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
30 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
31 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
32 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
33 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
34 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
35 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
36 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
37 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
38 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
39 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
40 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
41 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
42 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
43 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
44 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
45 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
46 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
47 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
48 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
49 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
50 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
51 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
52 .0 -3.2 -2.0 104.4 .0 .0 3.711.05 .00 .00*
53 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
54 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
55 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
56 .0 -3.2 -2.0 104.4 .0 .0 3.71 1.05 .00 .00*
PILE FORCES IN GLOBAL GEOMETRY
LOAD CASE - 1
PILE PX PY PZ MX MY MZ
K K K IN-K IN-K IN-K
1 .0 -5.6 33.6 241.9 .0 .0
2 .0 -5.6 33.6 241.9 .0 .0
3 .0 -5.6 33.6 241.9 .0 .0
4 .0 -5.6 33.6 241.9 .0 .0
5 .0 -5.6 33.6 241.9 .0 .0
6 .0 -5.6 33.6 241.9 .0 .0
7 .0 -5.6 33.6 241.9 .0 .0
8 .0 -5.6 18.3 241.9 .0 .0
9 .0 -5.6 18.3 241.9 .0 .0
10 .0 -5.6 18.3 241.9 .0 .0
11 .0 -5.6 18.3 241.9 .0 .0
12 .0 -5.6 18.3 241.9 .0 .0
13 .0 -5.6 18.3 241.9 .0 .0
14 .0 -5.6 18.3 241.9 .0 .0
15 .0 -3.2 -2.0 104.4 .0 .0
16 .0 -3.2 -2.0 104.4 .0 .0
17 .0 -3.2 -2.0 104.4 .0 .0
18 .0 -3.2 -2.0 104.4 .0 .0
19 .0 -3.2 -2.0 104.4 .0 .0
20 .0 -3.2 -2.0 104.4 .0 .0
21 .0 -3.2 -2.0 104.4 0 .0
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22 .0 -3.2
23 .0 -3.2
24 .0 -3.2
25 .0 -3.2
26 .0 -3.2
27 .0 -3.2
28 .0 -3.2
29 .0 -3.2
30 .0 -3.2
31 .0 -3.2
32 .0 -3.2
33 .0 -3.2
34 .0 -3.2
35 .0 -3.2
36 .0 -3.2
37 .0 -3.2
38 .0 -3.2
39 .0 -3.2
40 .0 -3.2
41 .0 -3.2
42 .0 -3.2
43 .0 -3.2
44 .0 -3.2
45 .0 -3.2
46 .0 -3.2
47 .0 -3.2
48 .0 -3.2
49 .0 -3.2
50 .0 -3.2
51 .0 -3.2
52 .0 -3.2
53 .0 -3.2
54 .0 -3.2
55 .0 -3.2
56 .0 -3.2

NO FILES WERE GENERATED DURING
Stop - Program terminated.

-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
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THIS RUN.

104.
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104.
104.
104.
104.
104.
104.
104.
104.
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104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.

ADDDDIMDAADNDDDDDDDDADADNDNDDDDDDDMADNDNDDDDDD

CIDMOR2.TXT
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River Water Surface Elevation (ft)

CID-MO Floodwall R Probability of Failure due to 18" Pile Capacity

Existing Conditions
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General Structural Exhibit 3:
Gatewell Sample Calculations
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Gatewell 106+49, Existing Condition Strength and Uplift Stability
Analysis:

Major tasks assocaited with this analysis:

1. Obtain the geometry for the gatewell and levee which are taken from the Record drawings.
2. Obtain the geotechnical parameters which are obtained from the Geotechnical Engineer.
3. Perform uplift analysis assuming gate is empty.

Calculation Convention Notes:

1. All input values are highlighted in
2. Results are highlighted in green
3. Assumption notes are displayed in red

References:
Gatewell Sta. 106+49 elevations, location and reinforcing details from American Royal Arena Storm
Sewer System for KC, MO Department of Public Works plans by Shafer, Kline and Warren 1973

[+]
Geotech Parameters:

Information Used to Calculate Structures HGL's - Blanket Information

Station Condition [Bottom of Landside Blanket Elevation| Top of Blanket Elevation
49+00 to 51+00 Existing 719 751
51+00 to 57+00 Existing 720 750
57+00 to 59+00 Existing 722 750
59+00 to 63+00 Existing 725 735
63+00 to 68+00 Existing 728 735
68+00 to 73+00 Existing 718 733
77+00 to 82+00 Existing 720 738
82+00 to 85+00 Existing 730 740
85+00 to 88+00 Existing 730 742
88+00 to 90+00 Existing 725 732
92+00 to 94+50 Existing 735 744

102+00 to 107+00 Existing 730 742
119+00 to 127+00 Existing 722 756
136+00 to 143+00 Existing 725 753
150+00 to 153+00 Existing 725 751
159+00 to 163+00 Existing 725 745
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Geotech Parameters (con't):

Recommended Parameters for Phase Il Feasibility Study

Unit Weight (pcf) Drained Shear Strength Undrained Shear Strength*
Material Moist Saturated |e' (degrees) c' (psf) « (degrees) ¢ (psf)
Embankment 115 120 29 0 0 1000
Fill (cinders/rubble) 110 115 21 0 N/A N/A
Foundation Blanket 110 115 24 0 0 500
Foundation Sand 115 120 31 0 N/A N/A
*Estimated from average strength values for these materials
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Hydraulic Gradeline:

CID-KS Levee Feasibility Study Phase Il
Hydraulic Grade Line Station 102+00 to 107+00
Existing Conditions - Gatewell Analysis

12
12
Seapage Hnirance Pojnt

1
=
g0
)
i

]
-
£ -“
g7 “'“-\
3° B
< 5
3 \

o

T 4 ~]

3 k\.._

2

—— o
1
o Land $ide Grounq Surface Elevation 7550
100 ] 100 200 300 400 500 600 700 800 ] 1000 1100
Distance from Levee L Toe [ft) (positive indi

HGL & blanket elevations provided by Glen Bellew 8/8/07

Soil Elevation Assumed by |E|soil_geotech = Oﬁi
geotech:

Elevation of the HGL using geotech datum: |HGL990teCh = 764ﬁ|

Elevation of bottom of blanket: |E|bot S = 730ﬁ|

106+49 GW ExistingCond (Landside).xmcd Page 3 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District Gatewell Analysis
Checked by: XXXDate:

Input Values From record dwg [Elgy g =7651f 14 of fioodwall EL=x00x

This is determined |EI

soil_at_gw = Elto
from the Record _aL. g9 p_qu

drawings Elsoil_at_gw = 765.1ft HoL Line .
; : I kv 4
-
_ o = =] i
Hblanket = Elsoil_at_gw ~ Elbot_blanket o I
|
|
The HGL from the geotech needs to be i
adjusted using the soil elevation at the i
gatewell as the datum: I 04050
HGL = HGL geqtech -- . T :
+0ft — (Elsoil_at_gw - EIsoil_geotech) | blanket — =~ : | |
|
|
L

HGL = 1.1t ?-— —————— -| i
Water head pressure in S=—————o | '
Wet Well under !
operating conditions. |

|E:Ib0t_gw = 724,61

HEAD := 0ff

NOTE: For rectangular
Buried Height of patewells, L, (span AD) shall

—El . _ Ll i a O
H=Elsoil at gw ~ Elbot gw  be longer than L, (span AB).

H = 40.5ft
Projected Height of l Ly := 11ft

Gatewell above soil

H = E'top_gw - EIsoil_at_gw
H' = 0ft - -

Width analyzed: Lg:=1L — — Lg = 13ft
Floor Thickness Df -— 24j
i 4 —_— | ————
Slab clear cover |Ccf = 35

Slab effective depth df := Df — Ct
d¢ = 20.5-in

Note: Upper case "L" represents the out-to-out dimension.
Lower case "I" representst the clear span dimension.

Length_Check := |"Ok" if L1 =L,

"NG - Assign larger dim to L1" otherwise
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Wall Thickness

Ly =1y Wall 1 (Span AD) wall thickness
D, := 18i Wall 2 (Span AB) wall thickness

D3:= Dy Wall 3 (Span BC) must be of the same thickness as Wall 1 (Span AD)
D, =D Wall 4 (Span CD) must be of the same thickness as Wall 2 (Span AB)
4= 22
Clear Spans
l1:=L1-2:Dy [y = 10ft Clear span wall AD
lp:=Ly—2Dg |l =81t Clear span of wall AB
I3:=1q I3 =10ft Clear span of wall BC
lg:= 1 Iy =8ft Clear span of wall CD
Concrete Section Areas b=1ft
Ay =Dyb  |Ag = 15
g1 = Pr gl =+
Ay =Dyb  |Agy =15
g2~ ~2 g2 ~—
A=Ay |Ag=151
> df = 20.5in
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Base Slab Reinforcment

Reinforcement information provided by the record drawings |Bar_Spgy;, := 12ir1

BarNogp, :=
BarNog), = 5
[¥] Base Slab Reinforcement
A
slb . 2
Aclp = ————— Aqp = 0.31-in
ey Bar—Spslb slb
12in

Wall Reinforcement Areas At Elevation Bot of
Gatewell:

Reinforcement information provided by the record drawings

I. WALL AD Ly = 13ft
END SUPPORT AND MID-SPAN REINFORCEMENT
Bar_Spacingapoyt = 10ir1 Bar_Spacingapip, = 6ir1
Bar_Noapout = Bar_Noa pip =
Bar_Noapout = 7 Bar_Noa i = 8

[¥] Wall Reinforcement
The area of steel will be calculated /ft:

A A; .2
AAD L= out AAD' _ n AOUt = 0.6-in
ou Bar_Spacingapout n Bar_Spacing s pip, 2
- Aj, = 0.79:in
12in 12in
. 2 . 2
AADOUt = 0.72-in AADln = 1.58-in
IIl. WALL AB Lp =111t
END SUPPORT AND MID-SPAN REINFORCEMENT
Bar_Spacingagoyt == 6ir1 |Bar_SpacingABin = 6ir1
Bar_Noapout = Bar_Noagin =
Bar_Noapggyt = 6 Bar_Noapin =7
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Gatewell Analysis

[¥]— Wall Reinforcement

The area of steel will be calculated /ft:
A A .2
Agoyt = out Aagin = Aoyt = 0.44-in
ou Bar_Spacing gt n Bar_Spacingagin, 2
- Aj, = 0.6-in
12in 12in
. 2 . 2
AABOUt = 0.88-in AABIn =1.2-in
[¥] Reinforcement Bar Diameters
Reinforcement Clear Cover
Wall AD Wall AB
[coverADout := 3in| [coverABout := 3ir|
|coverADin := 3in
Effective Depth:
These effective depths are used for the AD end analysis
Dy = 18in diaADin = 1-in diaADout = 0.875-in
. diaADi diaADout
dAD_in_end := coverADin + daaun dAD_out_end := D — coverADout - daA—olt
d ; = 3.5i =
AD_in_end i dAD out end = 14.563ir
These effective depths are used for the AB end analysis
diaABin = 0.875-in diaABout = 0.75-in Dy = 1.5t
diaABin .
d ; := coverABIn + diaABout
AB_in_end dAB out_end = D2 — coverABout - ————
dAB in end = 3.437.ir1 .
dAB out end = 14.625-"1
These effective depths are used for the AD mid analysis
diaADin = 1-in diaADout = 0.875-in
diaADin diaADout

dAD_in_mid =Dq - coverADin —

dAD_in_mid = 14:5-i1

106+49 GW ExistingCond (Landside).xmcd
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These effective depths are used for the AB mid analysis

diaABin = 0.875-in diaABout = 0.75-in
diaABin

dAB_in_mid = Dy — COVerABin — "
dAB_out mid = COVerABout + ————

dAB_in_mid = 14.563~ir1

dAB out_mid = 33751

Assumptions

e Concrete strengths were not specified in any of the information available and ACI
recommends the use of 3000 psi nominal concrete strengths for older concrete.

e The Portland Cement Association pamphlet, Engineered Concrete Structures, Dec.
1997 Vol. 10 No. 3. recommends using 40 ksi yield strengths for rebar of this time

period.

Soil Properties  |?B = 21deq |“fsoil = 115I00f|

At Rest Soil Pressure K= 1 - sin(¢B) Ko = 0.642

2
¢
Active Soil Pressure: = -— =0.
Ky: tan(45deg 5 Kgy = 0.472
Concrete Unit Weight |~ := 150pcf| Concrete Properties  |f.:= 3.0ksi Water Unit Weight |~ := 62.4pcf

Steel Properties Fy = 40.0ks Modulus of  |Es = 29000Ks

Elasticity:

fi, — 4ksi))
Bl := if| f, < 4ksi,0.85,if | f, > 8ksi,0.65,0.85 - 0.05-———— | 1 =0.85 = 3000psi

ksi )
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Load & Resistance Factor Design Resistance and Load Factor Values

Strength Reduction Factors

Shear Strength oy =10

Flexural Strength op,= 1.0

Load Factors

Dead and Live Load Factor L= 1.0 Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Load Factor = 1.0 Hydraulic Factor EM 1110-2-2104 (3-2)

Extreme Case Factor Ny = 1.0 Short Duration (Extreme Condition) EM
1110-2-2104 (3-4)

Note: Load Factors (1.6 for live load and 1.3 for hydraulic structure) and Strength Reduction Factors (.85
for shear, 0.90 for bending) are not applied for in this initial evaluation. Instead a factor of safety is
computed for the existing structure. If a strength concern is found, a design approach (applying these
factors directly) will be taken for any recommended solutions.

Wall Loading
Wall Loading WALLS
. Soil
7“ ™ H = 40.5ft
OR
H2 =
mli - Hp = 40.51t _ W1 =L Y1 Ko Vsoil H2
- = W, = 2472-psf
Soil & Water
, H
Hy = if| H < Hb|anket,H—~(HGL + Hplanket) ~ HEAD.H + HGL ~ HEAD
blanket
& Hy = 39.4ft
H, = 33.5ft
NHV®VZ: H3 - 7ft

Wy = Y ¥ [ Ko (Vsoit = Yw) Ho + i Ha]
W, = 3152-psf

Check to determine if water to top of wet well with W= if(w1 > W2’W1’W2)'b W = 3152.plf
reduction factor, Yy, or soil loading is worst case
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Moment Distribution of Gatewell Walls

NOTE: Check continuity of reinforcement at corners. If continuity is present, use moment
distribution to determine the demand moment values. Otherwise, analyze the gatewell wall
sections as simply supported beams.

The following calculations determine the distributed moment based on relative stiffness. In order for the
calculations to be valid, the following must be true:

1. The structure has four walls. The walls that are parallel to each other are of the same thickness.

2. The El value is based on the wall length and the wall thickness.

3. The walls are orthagonal.

4. The walls are exposed to uniform loading W, and W = 3152-plf is the same for each wall.

Design Section Length
L, = 13ft Ly =11ft Lg=13ft Ly = 111t

Moment of Inertia:

Determine Moment and Shear:

. - o b=1ft Dy=15ft D,=15ft
Dy=15ft Dg=15ft
b-D;° 4
LI L3 'eam1 =, lbeam1 = 5832
b-D,’ 4
lbeam2 = 7 Ipeam2 = 5832:In
o L4 ¢ | | 4
beam3 -~ "beaml lpeam3 = 5832:in
.4
Enter End Conditions: lbeama = 'beam2  'beama = 5832-in

All carryover factors are equal to 0.5 (idealize as a continuous beam over supports A, B, C and D).

COFp = 05 COFg := COFp COF( := COFp COFp:= COFp
A= COFp B := COFg .= COF D':= COFp

Fixed End Moments For A Uniform Load Between Fixed Supports using center of support to center of
support distance per ACI 318-02 8.7.2 :

Ly = 131t L, = 132:in Ly = 13ft Ly = 111t W = 3152.38-plf
2 2
W(L1 - D2 . Wtz - Dy .
Mfix 1= % |Mﬁx_1 = 34.742-k|p-f1 Mfiy 2= % |Mﬁx_2 = 23.709-k|p-f1
2 2
W(Lts — D2 . Wiks - Dy .
Mfix_3 = ( 1 ) |Mfix_3 = 34-742-klp~f1 Mfix 4 = ( o ) |Mﬁx_4 = 23.709-k|p-f1
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[¥] Distribution Factors

Corps of Engineers Kansas City District

Gatewell Analysis

Map|Mas Mga]Mac Mcg|Mcp Mpc

COF 0.50]0.50 0.50]0.50 0.50]0.50 0.50
DF 0.46{0.54 0.54{0.46 0.46]0.54 0.54
FEM -34.74]123.71 -23.71}34.74 -34.74)123.71 -23.71
D#1 5.057]5.976 -5.976]-5.057 5.057]5.976 -5.976
CO#1  -2.528]-2.988 2.988]2.528 -2.528]-2.988 2.988
DF#2 2.528]2.988 -2.988]-2.528 2.528]2.988 -2.988
CO#2 -1.264]-1.494 1.494]1.264 -1.264]-1.494 1.494
DF#3 1.264]1.494 -1.494]-1.264 1.264]1.494 -1.494
CO#3  -0.632]-0.747 0.747]0.632 -0.632]-0.747 0.747
DF#4 0.632]0.747 -0.747]-0.632 0.632]0.747 -0.747
COo#3  -0.316]-0.374 0.374]0.316 -0.316|-0.374 0.374
DF#4 0.316]0.374 -0.374]-0.316 0.316[0.374 -0.374
-29.68|29.68 -29.68]29.68 -29.68|29.68 -29.68

106+49 GW ExistingCond (Landside).xmcd
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Attach proper units to distributed values

MaDend = M'aD Ttkip: Mapend,= M ag:ft-kip

McBend = M'cp-ftkip Mpceng == M'pc-ft-kip

End-of-Span Moments After Distribution

IMADend = —29-685-kip-filM o peng = —29.685-kip-fi

IMcBend = —29-685 kip-{[Mpceng = —29.685-kipfi

Note that the end-of-span moment value is
the same at each joint because of uniform
and equal loading present on all spans.

W = 3152.38-plf
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Note: L, represents span AD, L, represents span AB, L, represents span BC and L, represents span CD

Mid-Span Moment Values

Moment Envelope Values

_ ) -
W~(L1 - D2) 2
|\ m2) — = W-(L, - D
MyuADin = 5 - |Mapend| IMyADin = 22.428-kip-fi M — 52.113-kip-ft
—W~(L2 - D1)2 | : W-(L, - D )2
MuaBin=|— 5 - |MaDend| IMuagin = 5878 kip fi 2V a5 seakipt
_W~(L3 - D2)2 ; W-(L3 - D )2
MucBin = 3 - |MCBend| |MUCBin = 22.428-k|p~ft| 872 52.113-kip- ft
—W~(L4 - D1)2 : W-(Ly - D )2
Mubcin = 3 - |MDCend| |MUDCin = 5.878-k|p-ﬁ| % — 35.563-kip-ft
The demand moment will be taken at the support face IAW ACI 318-02, 8.7.2 and 8.7.3.
[ W-D, }
M =M + ——(2L4, — 3D
UADface ADend 8 ( 1 2) Free Body Diagram
|MUADface = _16-977'kip'ﬁ| * ‘ ¢I0ad
WDy Ve (" — )"
MuABface = | MaDend + —5 (22 - 3Dy) l T
|MUABface = _19'341'kip'ﬁ| Viace Vend
le |
Mucaface = MuaDface Mubcface = MuABface I D/2 i

"D" represents the orthagonal wall thickness
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Mubcout = Mpcend IMuDCout = —29-685-kip-fi

MuaBout = MADend IMuABout = —29-685-kip-fi MuBaout = MADend

FACTORED MOMENT DISTRIBUTION VALUES

MUABface_: —19.341-kip-ft MUBAout = —29.685-kip-ft

B NOTE: For rectangular
[

gatewells, L; (span AD) shall
be longer than L, (span AB).

A

MUADfaCE = —16977k|pft----

Ly =131t |
MUADin = 22.428‘kip'ft—-—--oo—oo—oo

L3 =131t |
soemmessmmmes - MUCBIn = 22.428k|p'ﬁ

-oo—oo—ooToo—oo—o

C

- MUCBface = —16977k|pft

MUDCOUt = —29685k|pft;--

O
| o

The "L" values are the "outside-to-outside" dimensions.

Ensure the reinforcement size entered earlier reflects the steel that will be in tension at the mid-span.
For example:

IF: The mid-span moment demand value obtained from moment distribution is negative.

THEN: The steel located near the wall's exterior face is in tension. Select the reinforcement size that is
present near the wall exterior face.
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Wall Thrust

Corps of Engineers Kansas City District

Gatewell Analysis

Thrust was considered when evaluating the wall section moment and shear capacity. A higher value of thrust within
the tension-controlled region of the interaction diagram results in a higher nominal strength value. The calculated
thrust is based upon the active (lower) value of lateral loading. This is deemed conservative relative to the at-rest
(higher) value of lateral loading. Note that for lateral loading on the walls, the at-rest loading condition was used.

Kq=0472 Hy = 33.5ft

’\{soil = 115pCf
Wiactive = YL YH Ka Vsoil H2
Waactive = “fL'WH'“fX'[Ka'hsoil - “fw)'HZ hw H3]

W1active = 1819.748-psf Wo,ctive = 2854.097-psf

Wactive := if(Wlalctive > WZalctive’Wlalctive>W2active)'b

[Wactive = 2854.097-plf| W = 3152.38-plf

Total Trust Acting On Wall AD:

Wactive- L,
PADthrust = 5

PADthrust = 15-698 ki

106+49 GW ExistingCond (Landside).xmcd

tension-controlled
region

Total Trust Acting On Wall AB:

Wactive- Ly

PaBthrust =~ [PABthrust = 18.552~kip|

Page 14 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District Gatewell Analysis

Checked by: XXXDate:

Wall AD (Wall 1) Analysis

Shear Demand:
W = 3152.38-plf Iy = 10ft

|
. ! . :
V= W V', = 15.762-kip

dAD out end = 14-563-in

1
? - OIAD_out_end
Vuap = Vi . VyaD = 11.936-kip W = 3152.38-plf
2

V' = 15.762.kip [Vyap = 11.936-Kip

L]
g7 I
|
L, = 13ft ; I, = 10f
17 0N el t — .i_ ...... 3= t
|
:
e
Ly = 111t
Shear Capacity and Factor of Safety:
PADthrust .
d = 14.563-in ————— = 0.036 psi f.=3ksi b=1ft Shear Concrete Resistance value
AD_out_end 2000-A c )
g1 at Distance d from Support

ACI 318R-11.1.3.1

P -
ADthrust in
Vp_pap = dy| 2| 1+ — 1 [ fePsi)(bdap_out end)| AC! EQ (11-4)
- 2000-Agq Ibf ( ) out end) [0V ap = 19.838-kif

Vyap = 11.936-kip

$Vh_AD
VyAD |FS ADshear = 1662 |

Factor of Safety FS ADshear ==
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DEPTH OF EQUIVALENT RECTANGULAR STRESS BLOCK

Wall AD Con't
Fy = 40-ksi f'C =3-ksi b=1ft W =3152:kIf L4 =13ft
’ﬂ‘ ! A N
[ .2 ‘ADout" "y
| AaDout = 0-72-In 8AD_out™™ "o ger p
; O%c
1
i
!
! ||
! A F
! .2 ADin "y
JE R | - —— .. AADIn = 1.58-in aAD in = R
i - 0.85f b
!
i ||
i
i aAD out = 0-941'i1 aAD jn = 2.065:in
1
I
!
i

D
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Negative Moment Redistribution Wall AD Con't
ACI 318-02, 8.4 allows moment redistribution (plastic hinge formation). Refer to 8.4 for moment
redistribution limitations.

Determine if redistribution is possible. To occur, the steel must yield prior to concrete crushing.

B1=0.85 f'c = 3000 psi

Beta one value is equal to 0.85 for f'c equal to or less than 4000 psi

a a .
AD_out : AD _in :
CAD_OUt = —6]_ |CAD_0Ut = 1.107-"" CAD_in = o1 cAD_in _ 2_43.”1

The net tensile strain values Negative moment distribution is permissible

when the tensile strain is greater than 0.0075,

d
AD_out_end _ 1] Etout = 0.036 per ACI 318-02, 8.4

EtOUt = 0.003- c
AD_out

Reduce negative moment at face of wall AD end support and increase the positive
mid-span moment (if applicable)

M
| UADface| . .
Rnface = ; Rpface = 80.055-psi MUADface = —16.977-kip-ft
d’B'b'dAD_out_end
€'tface = |0-003- = 1] if (egoyt 2 0.0075) A (Myapin > 0)
40 Rnface
1-|1-—-
17 f
c PCA 318-05 Notes, page 8-3
0 otherwise €'tface = 0.077
e'_ADfacedelta:= |€&'if500'10 if 0 < €'t50e < 0.020 &'_ADfacedelta = 0.200 €' face 10 = 0.769

0 if €50 =0

0.20 otherwise

RedistAD := | "Permitted" if Eltface #0

[RedistAD = "Permitted” |

"Not Permitted" otherwise

IF: The strain is greater than or equal to 0.0075 and the mid span moment is positive
THEN: Negative moment redistribution is permitted. OTHERWSE: Negative moment redistribution is not
permitted and "N/A" is printed.

Redistributed (reduced) negative moment at the support face |

M'UaDface = | MuaDface (1 — € _ADfacedelta) if &'_ADfacedelta = 0

"N/A" otherwise

M'UADface = —13.582-kip-ﬁ| MUADface = ~16.977-kip-ft
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M'UaDout = |MuDpcout (1 — €_ADfacedelta) if ¢'_ADfacedelta = 0 Wall AD Con't

"N/A" otherwise

|M'U ADout = —23.748-kip-ﬁ| MUADface = —16.977-kip-ft  M{ypcoyt = —29.685-kip-ft

Corresponding redistributed (increased) mid-span moment |

2
, | WLy - Dy , L . , .
M'UADIn = —8 '(“fL"YH'”fx) + M'yapout If Muapout # "NA M'UADout = —23.748-kip-ft

"N/A" otherwise

M'yADin = 28.365 kip-f

2
W-(L, - D

Moments on Span AD After Redistribution . -
P [RedistAD = "Permitted” |

A B

Note: If redistribution is not allowed,
| "N/A" is shown.
M'UADface = —13582k|pft
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Wall AD Magnified Moment Check

Gatewell Analysis

Wall AD Con't
The effects of wall slenderness shall be checked.
.10.12.2 — In nonsway frames it shall I:le. permitted to Table 8-3 Defiection Coefficiant K
ignore slenderness effects for compression members
that satisfy: K
ﬁi 412 M, M) {10-8) 1. Cantilevers (deflection due to rotation at supporis 240
r 1 2 not included)
where the term [34 - 12MiMy] shall not be taken 2. Simple beams 1.0
greater ﬂjan 4[!: The term MylMa is pDEi'J"h:"E- if the 3 Confinuous beams 1.2-0.2 Mg/,
member is bent in single curvature, and negative if the
member is bent in double curvature. 4. Fixed-hinged beams (midspan defiection] 0.80
8. Fixed-hinged beams (maximum deflection using 074
M;:=Myapfacd  [M2:= MuaDfacq maximum moment)
) ) 6. Fizedfized beams 0.60
My = -16.977-kip-ft M, = ~16.977-kip-ft
For other types of loading, m are given in Ref 8.2
From the table from the right, the k value . . i
for fixed fixed condition: Mo = Simple span mement at midspan ?1
M3 = Net midspan moment.
Ubraced length: I, =L I, = 13ft
u 1 u
Radius of Gyration, r:
Thickness of Wall: Dy = 1.5t
10.11.2 — It shall be permitied to take the radius of
requal to 0.20 times the overall dmension in
the direction stability is being considered for rectangu-
lar compression members and 0.25 times the diameter
for circular compression members. For other shapes, it
shall be permitted to compute the radius of gyration for r= 0-3'D1 r=0.45ft
the gross concrete section.
Iu
Slender_Ratio := k-— [Slender_Ratio = 17.333 |
r
My
ADSIlenderness_Check := if| Slender_Ratio <|34 — 12 M_ ,"Ok™ ,"Consider Slenderness using ACI 10.10.1"
2

|ADSlenderness_Check = "Ok" |

IF: ADSlenderness_Check is OK
i THEN: Moment magnification is not required

IF: ADSlenderness_Check is NOT OK
THEN: Wall is slender. Moment magnification per ACI 318-02, 10.12 shall be followed
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Wall AD Mid-Span Nominal Moment Capacity Ly =131t

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth
b =12:in Column Width
Bar_Noapi, =8 Tension Bar Size

f'C = 3-ksi Conc. Str. - ksi
Fy = 40-ksi Bar Yield - ksi
coverADin = 3-in  Cover -in
Axial Compression with ACI Reduction value: ¢g = 1 Bar_Noapj, = 8 diaADin = 1-in
lterations i=1.2 i =
]
2
Bar area at i NAM = ApDout A2 = AADin Ai =
0.72 -in2
1.58
coverADout = 3-in diaADout = 0.875-in coverADin = 3-in diaADin = 1-in
diaADout . . .= 22.428-Kip-
dd, == [coverADout + % if Myapin > Oft-kip MuADin = 22:428-kip-ft
i i dd, = 3.437-i
coverADin + @ otherwise 1 |
. diaADi . .
dd2 = |Dq - (coverADln + Jj if Myapin > O0ft-kip
diaADout .
Dy - (coverADout + J) otherwise dd2 — 1451
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Wall AD, Midspan Column Interaction Results Wall AD Midspan

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is
based on the tension region of the interaction diagram:

Assume ¢=0.2*D i=1.2 |:)1 =15ft b=1ft 81 = 0.85
Given ¢c:=.2:Dg ¢ = 3.6-in
M
row - =
0.003 . 0.003
P ADthrust = Z (c - ddi>-T-Es if (c - ddi>-T-Es <Fy  |A].|dg
i=1 +—if(ddi < 61-c,0.85-f'c,0)
) , . 0.003
Fy - |f(ddi < Bl~c,0.85-fc,0) if (c - ddi)~ —Es2Fy
. , . 0.003
Fy - |f(ddi < Bl-c,O.85-fC,O) if (c - ddi)~ - Es<-Fy
+0.85-f-B1-c-b -
= Find(c) ¢ = 3.207-in a= if(Bl-c > Dl,Dl,Bl-c) a=2.726-in
Find Moment:
0.003 . .
€s; 1= (c - ddi)~ ; fs, := |f(Es-s:si > Fy,Fy,lf(Es~z-ssi <0-Fy.0- Fy,Es-esi>)
Dy
Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms, := Fs.| — — dd.
1 11 | | | 1 2 |
dd. = €S. = fs. = A = Fs. = Ms. =
I 1 | | 1 |
0.286 | ft -0 6.262| ke—o—y 2| -4509] -kip | -25.079| -kip-in
1.208 -0.011 -40 158 -63.2 347.6
2
Mst := Z Ms, Mst = 323-kip-in
i=1
Dl a
Mc := 0.85-f-a-b- 7 - E Mc = 637-kip-in
(')MnADml = (MC + MSt) d)MnADml = 7996k|pft

(anADin = d)MnADinl if MUADIn > Oft-kip
®Mapin1-(-1) otherwise

Wall AD Mid-Span Nomimal Moment Strength dMpADIn = 79_959.kip.ﬁ|
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Gatewell Analysis

Wall AD Mid-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSppmiqg

Wall AD Mid-Span Con't
M Api = 79.959-Kip-ft 2 er=pan on

|

FS ADin = (

FS ADin = 3:565 |

d>|VInADin
MyADin

Wall AD Mid-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS aApmig

dMpApin = 79.959-kip-ft

Note: An apostrophe signifies a negative moment redistribution-related value.

oM i
FS' ADin = __nADIn if & ADfacedelta # 0
M’ .
UADiIn
"N/A" otherwise
|FSIADin = 2.819 The mid-span factor of safety always decreases when negative moment redistribution is

considered.

|ADSlenderness_Check = "Ok" |

[RedistAD = "Permitted” |

ADinspanCheck := if (ADSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

[ADinspanCheck = "OKAY" |
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Wall AD End-of-Span Nominal Moment Capacity Ly =13ft

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth
b =12:in Column Width
Bar_Noapout = 7 Tension Bar Size

f'C = 3-ksi Conc. Str. - ksi
Fy = 40-ksi Bar Yield - ksi
coverADout = 3-in Cover -in
Bar_Noapout = 7 diaADin = 1-in
A1 = AADin A, = AaDout A -

|

1.58 -in2

0.72

coverADout = 3-in diaADout = 0.875-in

dd,; == dAp in end dd, = 3.5in

dd, == dAD out end dd,, = 14.563-in

106+49 GW ExistingCond (Landside).xmcd Page 23 of 53



Computed by: KSM Date: 12/13/2011

Corps of Engineers Kansas City District
Checked by: XXXDate:

Gatewell Analysis

Wall AD, End-of-Span Column Interaction Results Wall AD End-of-Span

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is

based on the tension region of the interaction diagram:

ssume ¢ i=1.2 Dy = 15ft b=1ft 81 = 085
Given Gi= 2:Dq ¢ = 3.6-in
row - =
0.003 . 0.003
P ADthrust = Z (c— ddi>- —Es.. if (c— ddi>- —Es<Fy Al op
i=1 +—if(ddi < 61-c,0.85-f'c,0)
. , . 0.003
Fy - |f(ddi < Bl~c,0.85-fc,0) if (c - ddi)~ —Es2Fy
. , . 0.003
Fy - |f(ddi < Bl-c,O.85-fC,O) if (c - ddi)~ - Es<-Fy
+0.85-f-B1-c-b -
= Find(c) ¢ = 2.87-in ac= if(Bl-c > Dl,Dl,Bl-c) a = 2.44-in
Find Moment:
0.003 . .
€s; 1= (c - ddi)~ ; fs, := |f(Es-s:si > Fy,Fy,lf(Es~z-ssi <0-Fy.0- Fy,Es-esi>)
Dy
Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms, := Fs.| — — dd.
1 11 | | | 1 2 |
dd. = €S. = fs. = A = Fs. = Ms. =
I 1 | | 1 |
0.292 | ft -0.001 -19.087 158] -in -30.158]| -kip -165.87| -kip-in
1.214 -0.012 -40 072 -28.8 160.2
Msti= > Ms, Mst = —6-kip-in
i=1
D1 a
Mc = 085fab|— -~ Mc = 581-kip-in
2 2

(')MnADfacel = (MC + Mst)
®MnaDface = | PMnADface1r T MuADface > Oft-kip

OMpaDface1 (-1) otherwise

dMpADface1 = 47-93-kip-ft

Wall AD End-of-Span Nominal Moment Strength

dMpaDface = —47.93~kip-ﬁ|
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Wall AD End-of-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSppface

d)MnADface = —47.93-kip-ft MUADface = —16.977-kip-ft
) dMpADface
FS ADface = M —
UADface

FS ADface = 2-823 |

Wall AD End-of-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS ppface

$MnaDf
FS'ADface = ﬁ if €'_ADfacedelta = 0
UADface
"N/A" otherwise
|FS' ADface = 3-529 | The end-of-span factor of safety always increases when negative moment

redistribution is considered.

|ADSlenderness_Check = "Ok" |

[RedistAD = "Permitted” |

ADoutspanCheck := if (ADSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

|[ADoutspanCheck = "OKAY" |
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Wall AB (Wall 2) Analysis

Shear Demand:
W = 3152.38 ft-psf I, = 8ft dAB out end = 14.625-in

P

l — —d

2 : AB_out_end
V' o=W-— V' = 12.61-Kip .2 - =
~WUA 2 u VUAB = Vu.

|
2 .
2 Vyag = 8.768-kip

2
\ V', = 12.61-kip

ST Total Thrust into Wall2

" otal Thrust into Wall2:
Vuag = 8768 kip
Ly =11t P — 18552k
ABthrust = +°-29¢' |p|

1

i Note: Refer to wall AD calculations for derivation of

i the thrust values acting on wall AB.

i

Ly =13ft |4.—.—. —=-= =115 = 101t

|

!

H W = 3.152-kIf

Shear Capacity and Factor of Safety

. p .
d = 14.625-in ABthrust .. . Shear Concrete Resistance value
ABoden 2000ag, ~ %P 1= 300001 =11 i hiiance d rom Suppor
2 ACI 318R-11.1.3.1

. PABthrust in o) (b.d =
PVn_ap = v 2| 1 2000Ag, Ibf (TPt (0-dag outend)|  aci EQ 14) [#Vn AB = 2005LKi

Factor of Safet Fs ALY FS = 2.287
y ABshear -~ | ABshear = < |

VuAB
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Depth of Equivalent Rectangular Stress Block Wall AB con'
Fy=40ksi fo=3ksi b=1ft  W=3152Kf Lj=13ft
A A -F
.2 ABout"y
A = 0.88-in aABout .= ——
ABout 0.85f-b
AnginF
.2 . ABIn' "y
Appin = 1.2:in aABin == ——
ABIN 0.85f-b
[#ABout = 1.15:in [#ABin = 1569-ir
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Negative Moment Redistribution Wall AB con't
ACI 318-02, 8.4 allows moment redistribution (plastic hinge formation). Refer to 8.4 for moment redistribution
limitations.

Determine if redistribution is possible. To occur, the steel must yield prior to concrete crushing.

31 =0.85 f'. = 3000 psi

aABout
cABout = 1.353-in cABin:=

cABout := aABin

CAD_in = 2.43-in

The net tensile strain values

Negative moment distribution is permissible
- 1| eyt =0.029 when the tensile strain is greater than 0.0075,

per ACI 318-02, 8.4
Reduce negative moment at face of wall AB end support and increase the positive
mid-span moment (if applicable)

M
UABf: . .

Ryface, | el Rpface = 90425051 M{japface = ~19-341-kip-ft

2
d’B'b'dAB_out_end

AL 1| if (eqoyt 2 0.0075) A (Myagin > 0)

Eliface = |0.003- -
R
1- |1- 40 . nface
17 f
c PCA 318-05 Notes, page 8-3

0 otherwise Eltface = 0.068

d

AB_out_end
Etout = 0.003.| ——————
( cABout

e'_ABfacedelta := | €'500'10 if 0 < €'t50¢ < 0.020 &' ABfacedelta = 0,200 €' fa0e-10 = 0.676

0 if €50 =0

0.20 otherwise

RedistAB := | "Permitted" if €'tface¢ 0

[RedistAB = "Permitted" |

"Not Permitted" otherwise

IF: The strain is greater than or equal to 0.0075 and the mid span moment is positive
THEN: Negative moment redistribution is permitted. OTHERWSE: Negative moment redistribution is not
permitted and "N/A" is printed.

Redistributed (reduced) negative moment at the support face |

M'UaBface = |MuaBface (1 — €_ABfacedelta) if €'_ABfacedelta = 0

"N/A" otherwise

M'UABface = —15.473.kip-ﬁ| MUABface = ~19.341-Kip-ft
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Wall AB con't
M'UaBout = |MubDcout (1 — €_ABfacedelta) if e'_ABfacedelta = 0

"N/A" otherwise

IMUaBout = 23.748:kipfl  Myagface = —19-341kip-ft  Mypcoyt = —29.685-Kip-t

Corresponding redistributed (increased) mid-span moment

W-(Ly - D1)2
8

"N/A" otherwise

M'uABin = (Y YHIX) + MyaBout i MuaBout # "NA”

2
W:(Lp - Dy) . .
———— = 35.563-kip-f Mjagijn = 5.878-Kip-ft

M'yagin = 11.815-kip-f

Moments on Span AD After Redistribution  [RedistAB = "Permitted" |

M'UABfaCE = —15473k|pft

A B Note: If redistribution is not allowed,
"N/A" is shown.
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Wall AB Magnified Moment Check

Gatewell Analysis

Wall AB Con't
The effects of wall slenderness shall be checked.
10.12.2 — Im nonsway frames it shall be permitted to Table 8-3 Defiection Coefficiant K
ignore slenderness effects for compression members
that satisfy: K
ﬁi 412 M, M) {10-8) 1. Cantilevers (deflection due to rotation at supporis 240
r 1 2 not included)
where the term [34 - 12MiMy] shall not be taken 2. Simple beams 1.0
greater than 40. The term My/Ma is positive if the 3 Confinuous beams 1.2-0.2 Mg/,
member is bent in single curvature, and negative if the
member is bent in double curvature. 4. Fixed-hinged beams (midspan defiection] 0.80
8. Fixed-hinged beams (maximum deflection using 074
Ma=Myuasfaced  [Mav= MuaBfacq maxirmum moment)
) ) 6. Fizedfized beams 0.60
Mq = -19.341-kip-ft M, = ~19.341 kip-ft
For other types of loading, m are given in Ref 8.2
From the table from the right, the k value i
for fixed fixed condition: Mo = Simele span moment st micspan ?1
M3 = Net midspan moment.
Ubraced length: AIIUA:: Ly I, =111t
Radius of Gyration, r:
Thickness of Wall: D, = 1.5t
10.11.2 — It shall be permitied to take the radius of
requal to 0.20 times the overall dmension in
the direction stability is being considered for rectangu-
lar compression members and 0.25 times the diameter
for circular compression members. For other shapes, it
shall be permitted to compute the radius of gyration for = 0-3'D2 r=0.45ft
the gross concrete section.
Iu
Slender_Ratio := k-—  [Slender_Ratio = 14.667 |
r
M1
ABSlenderness_Check := if| Slender_Ratio <| 34 — 12- M_ ,"Ok™ ,"Consider Slenderness using ACI 10.10.1"
2

|[ABSIenderness_Check = "Ok" |

IF: ADSlenderness_Check is OK
i THEN: Moment magnification is not required

IF: ADSlenderness_Check is NOT OK
THEN: Wall is slender. Moment magnification per ACI 318-02, 10.12 shall be followed
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Wall AB Mid-Span Nominal Moment Capacity Lp =11t

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth
b = 12-in Column Width

Bar_Noagj,=7 Iension bar Size

f'C = 3-ksi Conc. Str. - ksi
Fy = 40-ksi Bar Yield - ksi
coverABin = 3-in  Cover -in

Axial Compression with ACI Reduction value: ¢g =1 Bar_Noagip = 7 diaABin = 1-in

diaABout = 0.75-in
A= ApBout A= AaBin A=

Bar area at i
0.88 -in2
1.2
coverABout = 3-in diaABout = 0.75-in coverABin = 3-in diaABin = 0.875-in
diaABout . . . = 5.878-Kkip-
dd, := |coverABout + % if Magin > Oft-kip Muagin = 5878 kip-ft
i i dd, = 3.375-i
coverABin + dla’gBm otherwise 1 |
. diaABi . .
dd2 = |Do - (coverABln + 1a mj if Myapin > 0ft-kip
diaABout .
D, - (coverABout + J) otherwise dd2 —14.563.in

coverABout = 3-in diaABout = 0.75-in

dd, == dAB out mid dd, = 3.375:in

dd2 = dAB_in_mid dd2 = 14.563-in
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Gatewell Analysis

Wall AB, Mid-Span Column Interaction Results Wall AB Mid-Span con't

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is
based on the tension region of the interaction diagram:

Assume ¢=0.2*D

i=1.2 Dy = 18-in b=1ft 81 = 0.85
Given Gi= 2:Dy ¢ = 3.6-in
(row — - =]
0.003 0.003
P ABthrust = Z ( - dd) —Es.. if ( - dd) —Es<Fy Al 0
i=1 +—|f(ddi < Bl-c,o.ss.f'c,o)
. , . 0.003
Fy - |f(ddi < Bl-c,O.85-fC,0) if (c - ddi)~ —Es2Fy
. , . 0.003
-Fy - |f(ddi < Bl~c,0.85-fc,0) if (c - ddi)~ - Es<-Fy
+0.85-f-Blcb o
= Find(c) ¢ = 2.965-in = if(Bl-c > D2,D2,Bl-c) a=2521-in
Find Moment:
0.003
€s; 1= (c - ddi)~ ; fs, |f(Es €S, > Fy,Fy,lf(Es es;<0 - Fy,0 - Fy,Eses; ))
b2
Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms, := Fs.| — - dd,
1 11 | | | 1 2
dd. = €S. = fs. = A = Fs. = Ms. =
I 1 | | 1 |
0.281 | ft -0 -12.019]| -} 08l -in -10.577| -kip -59.494| -Kip-in
1.214 -0.012 -40 ' -48 267
1.2
Msti= > Ms, Mst = 208-Kip-in
i=1
D a
Mg = 0.85-f-a-b- > _E Mc = 597-kip-in

®MpaBin1 = (Mc + Mst) dMpABing = 67.04-kip-ft

®Mnagin = [®Mpagin1 T Myagin > Oftkip

O®MpaBin1(—1) otherwise

Wall AB Mid-Span Nominal Moment Strength OMpABIn = 67.038~kip~f1
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Gatewell Analysis

Wall AB Mid-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSpgmiqg

Wall AB Mid-Span Con't
OMp Agin = 67.038-kip-ft o AE Mid=pan ~on

|

FSABin = [

FS ABjn = 11405 |

d>|V'nABin

MyABIn

Wall AB Mid-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS aAgmid

dMp,agin = 67.038-kip-ft

Note: An apostrophe signifies a negative moment redistribution-related value.

dMpaBi
FS' ABin = — AP g €' ABfacedelta # 0
M' .
UABIn
"N/A" otherwise
|FSIABin = 5.674 | The mid-span factor of safety always decreases when negative moment redistribution is

considered.

|[ABSIenderness_Check = "Ok" |

[RedistAB = "Permitted" |

ABinspanCheck := if (ABSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

[ABinspanCheck = "OKAY" |
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Wall AB End-of-Span Nominal Moment Capacity L, = 11ft

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth

b =12:in Column Width

Bar_Noapgout = 6 Tension Bar Size

f'C = 3-ksi Conc. Str. - ksi

Fy = 40-ksi Bar Yield - ksi

coverABout = 3-in Cover -in

Bar_Noapgout = 6 diaABin = 0.875-in
A, = Appi A=A
ABIn ABout -
! 2 Ai N <==The first value of Al is the
9 compression steel, A2 is the
1.2{ -In tension steel

0.88

coverABout = 3-in diaABout = 0.75-in

dd1 = dAB_in_end ddl = 3.437-in Effective depth of the compression steel

dd2 = dAB_out_end Effective depth of the tension steel
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Gatewell Analysis

Wall AB, End-of-Span Column Interaction Results Wall AB End-of-Span con't

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is
based on the tension region of the interaction diagram:

Assume ¢=0.2*D i=1.2 D2 = 18-in

¢ = 3.6:in

b=11t

Bl =0.85
Given ¢c:=.2-Dy
M

(C 4 di)‘ o.?:os.
+—if(ddi < Bl-c,o.ss.f'c,o)

PABthrust = Es..

Es<F

if (c—ddi>-0'003- y Al |

c

0.003
c

0.003
c

Fy— if

-Es > F

(ddi < Bl-c,O.85-f'C,0) if (c - ddi)~ y

—Fy —if

+0.85-f-Blcb

Es <-F

y

(ddi < Bl~c,0.85-f'c,0) if (c - ddi)~

&= Find(c) c = 2.866-in

ac= if(Bl-c > D2,D2,Bl-c) a = 2.436-in
Find Moment:

0.003
c

€s; 1= (c - ddi)~ fs, := if(Es-s:si > Fy,Fy,if(Es~z-ssi <0-Fy.0- Fy,Es-esi>)
D2

Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms. := Fs.-(— - dd.j
1 1 1 1 1 1 2 1

dd. =
i

€S. A = Fs.
| I | |

-0.001

Msi =

-0.012

1.2

0.88

-20.802

-kip

-115.713

-kip-in

-35.2

198

Dy
Mc := 0.85-f .-a-b-| —
MWV c 2

dMpABface1 = (Mc +

Wall AB End-of-Span Nominal Moment Strength

106+49 GW ExistingCond (Landside).xmcd

Mst = 82-Kip-in
_a
2

Mst)

Mc = 580-kip-in

dMnpaBface1 = 95-2-kip-ft
OMpaBface = | PMnABfacel if MyABface > Oft-kip

OMpaBface1 (—1) otherwise

dM ABface = —55.204-kip-ﬁ|
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Wall AB End-of-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSpgface

OMpABface = —55-204-Kip-ft MUABface = —19.341-kip-ft
) dMp ABface
FS ABface = M —
UABface

FS ABface = 2854 |

Wall AD End-of-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS pgface

€' _ABfacedelta = 0.2

®MpABf,
FS' ABface = ﬁ if €'_ABfacedelta = 0
UABface
"N/A" otherwise
|FS' ABface = 3-968 | The end-of-span factor of safety always increases when negative moment

redistribution is considered.

|[ABSIenderness_Check = "Ok" |

[RedistAB = "Permitted" |

ABoutspanCheck := if (ABSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

[ABoutspanCheck = "OKAY" |
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Strenqgth Analysis Results Summary

Span AD Moment Factor of Safety Analysis Summary and Recommendations

FSADface = 2.823 FS ADin = 3965 FS‘ADface = 3.529 FS' Apin = 2-819
FSADNo_redist = mi”(FSADface’ I:SADin) FS' ADredist = mi”(FS'ADface’ FS'ADin)
FSADno_redist = 2:823 | |FSIADredist =2.819 |

FS ADmoment == maX(':SADno_redist’FS'ADredist) it FS'ADredist * "N/A”
FSADno_redist Otherwise
FS ADin = 3.565

FS ADmoment = 2:823 |

AD_Recommendationl := | "Perform Simple Beam Analysis" if FSapi, = 2.0 A FSpgijp 2 2.0

"Simple Beam Analysis Not Recommended™ otherwise

|[AD_Recommendationl = "Perform Simple Beam Analysis" |

AD_Recommendation2 := |"CAUTION - Reliability Questionable” if FSapmoment <15

"Span AD OKAY for Moment Strength”  if FSaApmoment 2 1-9

|[AD_Recommendation2 = "Span AD OKAY for Moment Strength" |

A listing of the span AD moment demand-capacity values, factors of safety and recommendations are provided
in the following table

106+49 GW ExistingCond (Landside).xmcd Page 37 of 53



Computed by: KSM Date: 12/13/2011
Checked by: XXXDate:

[¥]—Scalar Conversion Equations To Allow Text Entry Into Tables

Corps of Engineers Kansas City District

Gatewell Analysis

Span AD Moment Strength Analysis Summary

End-Support Mid-Span
Moment |Moment Moment [ Moment
Demand, |Capacity, Demand, | Capacity,
Analysis ft*kip  [ft*kip FS ft*kip ft*kip FS
M Distributi -16. 2.82| 224 57
orr'1en.t |§tr|but|on . 6.98 4793 8 3 79.96 3.5
Redistribution of Negative Moments -13.58 3.53| 28.36 2.82
Slenderness Check Ok
Redistribution of Negative Moments |Permitted

Recommendations:
Perform Simple Beam Analysis
Span AD OKAY for Moment Strength

N/A: Not Applicable
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Page 38 of 53



Computed by: KSM Date: 12/13/2011

Corps of Engineers Kansas City District Gatewell Analysis
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Span AB Moment Factor of Safety Analysis Summary and Recommendations

FS' ABredist = mi”(FS'ABface’ FS'ABin)

|FSIABredist = 3.568 |

FSABno_redist = mi”(FSABface’ I:SABin)

FS ABno_redist = 2-854 |

FS ABmoment = maX(':SABno_redist’FS'ABredist) if FS'ABredist * "N/A"

FS i+ otherwise
ABnNo_redist
- FSaBin = 11.405

FS ABmoment = 3568 |

AB_Recommendationl := | "Perform Simple Beam Analysis”" if FSapiq > 2.0 A FSpgjy = 2.0

"Simple Beam Analysis Not Required" otherwise

|AB_Recommendation1 = "Perform Simple Beam Analysis" |

AB_Recommendation2 :=

|[AB_Recommendation2 = "Span AB OKAY for Moment Strength” |

A listing of the span AB moment demand-capacity values, factors of safety and recommendations are provided

in the following table

"CAUTION - Reliability Questionable” if FSagmoment <1
"Span AB OKAY for Moment Strength”  if FSaAgmoment = 1-5

[¥]—AB Scalar Conversion for Table

Span AB Moment Strength Analysis Summary
End-Support Mid-Span

Moment |Moment Moment | Moment

Demand, |Capacity, Demand, | Capacity,
Analysis ft*kip  [ft*kip FS ft*kip ft*kip FS
Morr'1en.t DI'StI‘IbUtIOH . -19.34 55,20 2.85 5.88 67.04 11.41
Redistribution of Negative Moments -15.47 3.57| 1181 5.67
Slenderness Check Ok
Redistribution of Negative Moments |Permitted
Recommendations:
Perform Simple Beam Analysis
Span AB OKAY for Moment Strength

N/A: Not Applicable
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Shear Factor of Safety Analysis Summary and Recommendations
Span AD
FS ADshear = 1.662

Span AB
FS ABshear = 2287

NOTES TO STRENGTH SUMMARY RESULTS:

1. If simple beam analysis is performed on one wall, it must be performed on all four gatewell walls. This is
required because fixity is lost when an adjacent wall is analyzed as a simple span. Stability should be
considered when the gatewell is analyzed as having pinned supports.

2. Moment redistribution is not permitted when the mid-span and end-support moment values are negative.
3. Moment redistribution is not permitted when the reinforcement strain is less than 0.0075

4. Simple span analysis is recommended when the mid-span moment factor of safety is greater than 2.0.
Final decision to use simple span analysis rests with the engineer.

5. Reliability analysis is recommended when the 1.0 < FS < 1.5

6. Caution is provided in the recommendations when the FS < 1.0
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Properties of the Wall without an opening (Wall AB & CD)

Ds = 21t Analyze wall at, y := Oft above
Plan - L base slab
H":=H-Df -y
B B H" = 38.5ft
|
L, = 11ft
Wall Thickness D, = 18-in I, =8ft
Clear Cover C. = CoverABIn
MID-SPAN REINFORCEMENT
[Bar_Spacing := 6ir|
Bar_No :=
Bar_No=7
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[¥]— Wall Reinforcement

The area of steel will be calculated /ft:
Aout :
Bar_Spacing Ag = 1.2:in
12in

A=

[¥] Reinforcement Bar Diameters

Effective Depth:
D, = 18in dia = 0.875-in
d:= D2 - CC - %

2
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Wall Loading (Wall without opening near base, cont'd)
Wall Loading WALLS
. Soil
H'y == H"
_ J - H'5 = 38.5ft
= o Wig = YL Y Ko soil H2
W'y = 2841.psf
Soil & Water
H'g = if| H" < Hblanket’—H -(HGL + Hb,anket) — HEAD,H" + HGL — HEAD
blanket

& H'g = 37.4ft
H') = 3851t

W'y = WL'”{H‘WX'[KO'(”fsoiI - “fw)'HIZ + ”{W'HI3]
W'2 = 3633-psf

Check to determine if water to top of wet well with W' = if (W'l > W'Z,W'l,w'z).b W' = 3633-plf
reduction factor, Yy, or soil loading is worst case
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WALL without opening:

Corps of Engineers Kansas City District

Gatewell Analysis

(Wall without opening near base, cont'd)

SHEAR
f'c = 3000 psi
| 12
ool } 2
V, =V, :
u u b := 12in
2 AN
V', = 14533 Ibf — T -
2
V,, = 10-kip
Shear at Distance d from Support
ACI 318R-11.1.3.1
OV, = ¢V-[2-( /f'c-psi)-(d).b] ACI EQ (11-4) OV, = 19-kip
oV,

Factor of Safety FSopening shear = V_
- u

Bending

I:Sopening_shear =19

NOTE: Assumed to be simply supported with no thrust because of opening in adjacent walls.

Demand Moment:

W(Lp — D1)2

M,=——"""— M,, = 40.986-kip-ft

u 8

Moment Capacity:

_ 5y

A= Qaer
0.85f b

a
o= a5y (o)

a= 1569-in

oMy,
Factor of Safety

u
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FSopening_mom = M

Kip-ft
My = 85.1ft——

I:Sopening_mom =13

Page 44 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District Gatewell Analysis
Checked by: XXXDate:

Uplift Analysis:

Uplift Using Local Protection Guidance

UPLIFT

HGL Lime

|
o o H--..,__ 1
! [
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

HGL = —1.11t it e

Height from soil
level at gatewell to
bottom

of blanket. H = 40.5ft
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<< =from KC levees uplift

RIYERSIDE LaNEEIRE i
____________ o [ guidance.
/i— = e
HYDRAULIC GRADELRME T
STRUCTLR : H3 %
u |
or i
oy M | e el
E E F3 | £ =
=@ : EE
[ L
| .

F1= Pressure at the tase of the impervious blanket
ot the locaticn of the structure being investigated

P1 = Hl=Gw Where: H1 = Height of the hydraulic grade line
agbove the base of the blanket at the struzture location

Gw = Unit weight of water, 82 4 pef
Asslrna pressura is dissipated te O (zaro) at tha greund surfoca

P2 - H2«Gw' ‘Where: HZ - |Impervious blanket thickness
Bl - P2 Gw' = Equivalent unit weght = (H1/HZ2I1xGw

Hi=Gw = HZ=Gw'
P3 = HInGw'

UPLIFT PRESSURE AT BASE OF STEUCTURE
F3 = H3=(HIAHZ)=0W

CCMPUTATION OF UPLIFT ON A STRUCTURE WITHIN
THE IMPERVIOUS BLANKET IN THE CRITICAL AREA
OF A FLOOD CONTROL PROJECT

2
Apase = L1Lo Apage = 143t

Dissipated Head, if structural foundation in blanket.

Hplanket = 35-1ft HGL =-1.1ft H=40.5ft L, = 13ft L, = 11ft
Hplanket + HGL .
blanket
Full Head, if structural foundation extends through blanket.
Up = [(H+ HGL)(L1-Lo)vy] U, = 351.6-kip
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Corps of Engineers Kansas City District Gatewell Analysis

Uplift
H=405ft Hplanket = 35.11t H =0ft
U= if(H > Hblanket’UZ’Ul) U = 351.6-kip
Uuplift = % [Duptife = 2459-psf]
1'=2
Weight of Structure

Walls := (Lq-Lp — 13:1p)-(H + H)-y¢  Slabs:= 2:(13:15)-Dg-y - Wg:= (Walls + Slabs) Wg = 430.7-kip

WEIGHT OF SOIL LOCATED ON TOP OF THE BASE
SLAB HEEL OR WALL STEP. EQUAL TO ZERO IF NO
HEEL IS PRESENT.

Surcharge Loads

Weight of Surcharge Water W

water : =0-b W, := 0lb

water

Skin Friction

SOIL (Soil parameters entered previously)

& = 1-deg INTERNAL FRICTION ANGLE
ol = 115-pcf DRY SOIL UNIT WEIGHT

Yy = 62.4-pct WATER UNIT WEIGHT

Youb = (Ysoil ~ W) ~ SUBMERGED SOIL UNIT WEIGHT ~eub = 52.6-pcf
Ko = 0.642 AT-REST SOIL COEFFICIENT. CALCULATED PREVIOUSLY

b= 0.25 FRICTION COEFICIENT BETWEEN STRUCTURE AND SOIL.

STRUCTURE
H=40.5ft
per:=2-L1 + 2Ly

Wg = 430.725-kip
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UPLIFT FORCE ACTING ON BASE OF STRUCTURE
ASSUMED CRACK DEPTH

DEPTH OF STRUCTURE BELOW GRADE
STRUCTURE PERIMETER per = 48 ft

STRUCTURE DEAD WEIGHT
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Skin Friction (Continued)

1. Effective Lateral Load that Contributes to Side Friction

Ry = (H- o E8 )i Ry = 92876.875. -0

2 ft

c 1 It

Ry = (H - ¢)Uyppit| — + = | Ry = 49027.025-—

2:=( ) upllft(z.H 2) 2 ft
Ibf

Ry - Ry = 43349.85—

2. Force Created By Side Friction, Pv

Ko = 0.642 p=0.25 per = 48 ft

Py1 = (Rq = Rp)-Kq-p-per Py1 = 337.626-kip

Ignore_Skin_Friction :=

P, =

v Okip if Ignore_Skin_Friction = "Yes" P, = 338:kip

Pvi otherwise

Final Uplift Factor of Safety:

We + W, + Soil + P
S water \Y;

NOTE: EM 1110-2-2100 defines 1.1 Factor of Safety acceptable for extreme loading case. The gatewells have
minimal overhangs to produce weight of water above structure, W ;, therefore W ignored (conservative).
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NOTE:
Base Slab 1. The following calculation assumes two opposite edges fixed and the other opposite edges simply
Analysis supported. This occurs when a large pipe takes up most of the wall so that wall should be simply

supported. Coef came from "Theory of Plates and Shells" second edition, by Timoshenko. This is
conservative for gatewells without large pipe openings. So if FS is critical than may want to reanalize
using the table of coeff for all sides fixed from "EM 27 - Moments and Reactions for Rect. Plates".

2. Only the end-of-span moment is checked, but in cases where the base slab top and bottom reinf
is not the same, it may be necessary to check the mid-span.

Slab Loading:
Weight of structure: Wg = 430.725-kip  Uplift: U = 351.574-kip  Skin Friction: P, ; = 337.626-kip

Load acting up on baseslab:

. . YL YH X W
W= if(U>Wg, U+ Pyp,Wg) = 430.725:kip Wiy 1FORM = L 3.012-ksf
END-OF-SPAN MOMENT IS CHECKED HERE: Kie 1.5
Plate Coefficient and Demand Moment: e
abk = Coeffk =
| . -
alb=L,/L, I_2 —08 From plates tables: a/_f Coeofggl;ant 05 1101
1 9091 0787 625 | |109
769 0938 769 | 10938
625 109 0.9091 | [0787
0 .05 0 5 1191 1 .0697
05 ‘ ‘ n . 12
' ’ .05 Coefficient := linterp| ab, Coeff ,— | = 0.09
Aglp = 03L-in 1
|
0 05 0— l,=8ft b=1ft
. . 2 .
MUFe = COEﬁlClent'WUNlFORM'lz -b MUFe = 17438k|pﬂ
Moment Capacity:
Aqlp'F in?
a=——3 _49lL g _ 1708t
e O.85f'C-b ft
a Kip-ft
(")Mnl:e = q)BASIbe(df — Ej d)MnFe =21 f[—ﬁ:
Factor of Safet FS = OMnFe FS = 1.203
y slabmomente -~ e slabmomente = ~
uFe
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Base Slab Analysis, con't

MID-SPAN MOMENT (My) IS CHECKED HERE:
Plate Coefficient and Demand Moment:

P From plates tables:

a/b
alb=L,/L,; o 0.8 1
1 9091
.769
.625
0 .05 0 5
.05 05
Asib
|
0 .05 0—
.. 2
MUle = COfolClentWUNlFORMlz -b
.2 .
Aslb = 0.44in Cat = 3.0625in
6= D = Cef

Moment Capacity:

-F .2
oo Sy o in
M 0.85F b

a
OMpEmy = ¢B'Aslb'Fy'(df - Ej

df = 1.745ft

Factor of Safety FSqlabmomentm1 =

M

106+49 GW ExistingCond (Landside).xmcd

‘anle

uFml

Corps of Engineers Kansas City District

Gatewell Analysis

k:=1.5
ab, = Coeff, =
cosfteent 05 | [0.0474
0.0371 625 | [0.0469
0.0426 769 | [0.0426
0.0469 0.9091 | (0.0371
0.0474 1 0.0332
2
Coefficient = linterp| ab, Coeff ,— | = 0.041
b
l,=8ft b=1ft

OM, £ = 303 ﬂ-%

FS

slabmomentm1 =~

3.797
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Base Slab Analysis, con't
MID-SPAN MOMENT (Mx) IS CHECKED HERE:

Gatewell Analysis

Plate Coefficient and Demand Moment: ki=1.5
ab = Coeff, =
k k
| ) .
alb=L./L 2 _ 08 From plates tables: a/b  Coefficient 05 0.0869
oy 1 0.0244 625 | [0.065
.9091 0.0307 - -
769 0.0446 769 | [0.0446
625 0.065 0.9091 | (0.0307
0 .05 0
5 0.0869 1 0.0244
05 - . I
' .05 Coefficient := linterp| ab, Coeff ,— | = 0.042
A 1
slb
I
0 05 0— l,=8ft b=1ft
.. 2 .
MUFm2 = COfolClentWUNlFORMlz -b MUFm2 = 8005k|pﬂ
.2 .
Aslb = 1.06in Cat = 2.375in
6= D = Cef

Moment Capacity:

-F .2
o Dty i

- ds = 1.802 1t
M 0.85f b
a Kip-ft
GMnFm2 = ¢B'Aslb'Fy'(df - Ej GMpEmp = 741t
dMpEm2
Factor of Safety FSslabmomentm2 = Mo FSslabmomentm2 = 9-24
uFmz2
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Base Slab Analysis, con't

Note that there is a concentration of reinforcing in one direction in the base slab. Assume that the base slab acts
as a plate until reinforcing in the weak direction begins to yield and then the moments will redistribute to
reinforcing in the other direction (a plastic hinge will form in the base slab at the wall). When this happens the
base slab should be analyzed as if it were bending as if it were a simple span:

L ;= 10ft b=1ft
MW

2
_ WuNiForM'L b

Mg = - 37651 ft <2
8 ft
Aglp,= 1.06in° Copi= 2375
= 1.06in := 2.375in
de .= Df — C
v f cf
Moment Capacity:
-F .2
g STy i de = 1802 ft
M 0.85f b ft
a kip-ft
dMpEm3
Factor of Safety FS -
slabmomentm3 Mg FSglabmomentm3 = 1.964
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*******************************OV er al | Fac t ors o f S af etv*****************************

Uplift Stability

Strength i ap Ly = 13ft

Wwall AB L, = 11ft
WALL MOMENT

The overall wall moment factor of safety, FS

wallmoment
FS ADmoment = 2-823 FS ABmoment = 3568 FSopening_mom = 1.345
FSwallmoment == Min(FS Abmoment: FS ABmorment: FSopening_mom) |stallmoment =134
WALL SHEAR
FS ADshear = 1662 FS ABshear = 2287 FSopening_shear = 1.891
FSwallshear = min(FSADshear’FSABshear’':Sopening_shear) |stallshear = 1662 |

BASE SLAB MOMENT FACTOR OF SAFETY

|Fsslabmoment = 1.964 |

Summary :
FSstrength = min(':Swallmoment’':Swallshear’Fsslabmoment) |Fsstrength =13 |
Mechanism := | "Wall Bending” if FStrength = FSwallmoment [Mechanism = "Wall Bending" |

"Wall Shear" if FS

=FS
strength wallshear FSUpIift —5
"Base Slab Moment" otherwise

It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be acceptable when
using unfactored loads and unreduced strengths for analysis. The reasoning being the load factor (live load
neglecting hydraulic structure) divided by the strength reduction factor is approximately 1.75. Because this
is an existing structure in the field that is routinely inspected with no visible history of problems, a factor of
safety of 1.5 is deemed acceptable. If modifications are required for strength, the modified structure must
be evaluated from a standard design approach (include factors - no FS calculation)

END OF ANALYSIS
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Probability of Failure gmpbzyj*(s“" 7-3-08
US Army Corps CIDKS GATEWELL 106+49
of Engineers. Bending in wall AB/CD

I. Objective

The computations below show the process used to calculate the Reliability and the
Probability of Failure.

Il1. References

1. Reliability-Based Design in Civil Engineering by Milton E. Harr, Dover Publications Inc. 1996
2. FEMA 310, Section 4.2.4.4, states, the mean strength (or expected strength) for Risk and
Uncertainty calculations shall be taken as 125% of the design strength

I1l. Situation

1. This structure does not meet the strength 1.5 factor of safety for which it has been

determined 99.8% reliability can be assigned. See mathcad analysis of the wall for
existing condition strength check.

2. FEMA 310, Section 4.2.4.4, states, the mean strength (or expected strength) for Risk
and Uncertainty calculations shall be taken as 125% of the design strength
3. Material Properties used:

Mean Concrete Strength, ), := 3750-psi
Mean Steel Strength, FyM := 45-ksi

4. From Reliability Based Design in Civil Engineering by Milton E. Harr, pg 31, the
coefficient of variation for Reinforced Concrete Grade 40 is 14%.

IVV. Variable Definitions

FSp = Factor of Safety under mean material parameters

FSgy, = Factor of Safety due to the upper bound value of the Steel Yield Strength

FSgy = Factor of Safety due to the lower bound value of the Steel Yield Strength

FSt, = Factor of Safety due to the upper bound value of the Concrete Compresive Strength

FStq = Factor of Safety due to the lower bound value of the Concrete Compresive Strength
AF,y = Difference in Factors of Safety due to the change in Steel Yield Strength

AFg = Difference in Factors of Safety due to the change in Concrete Compresive Strength
op = Standard Deviation of the Factor of Safety

Ve = Coefficient of Variation of the Factor of Safety

By = Lognormal Reliability Index

R = Reliability

Pe = Probability that the factor of safety is less than 1.0 ( Probability of Failure)
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V. Calculating Factors of Safety

WATER AT TOP OF WALL
Condition under consideration from strength check: Mu M. = 40.986 Kip-ft
for wall AB/CD (from mathcad strength analysis). u-- ft

Design Concrete Strength

$g = 1.0 Strength Reduction Factors not used in Risk and Uncertainty Analysis

.2

in Area of Steel
=12—
As ft

dIStCL = 3'4375mDistance from inside wall to centerline of reinforcement

Twall = L5 Thickness of wall

b:= 12% 1 ft strip of wall analyzed
d:= Tyq — distcp.  d=14.563-in

Mean Concrete Strength and Steel Yield Strength

F
a:= M a= 1.412-in
0.85F b

a kip-ft
OMy = b AS~FyM-(d - Ej My = 62.35~%

FSp = FSp = 1.521

u
Upper Concrete Strength

For reinforced concrete structures a 14% standard deviation based on engineering
judgment and information published in Reliability Based Design in Civil Engineering
by Milton E. Harr.

fou = fom + fom0-14 o = 4275-psi

AF
a=—IM o 1238in
0.85F b
a kip-ft
OMey = P AcFypr| d - = OMqy = 62,74~
2 ft
dMcy
FSfeyi= ——  FSfey= 1531

u
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Lower Concrete Strength
for=fom — fom 024 foL = 3225-psi

-F
ae As yM

2= , a=1.642-in
O.85fC|_-b

a Kip-ft
oM = dpg AS-FyM-(d - E) oM = 61.84-T

dM¢
FSfCl =

FSgey = 1.509
u

Upper Steel Yield Strength

AsFy

2= ————— a=1609in
0.85f b

a Kip-ft
OMg = dpg As'FyU'(d - Ej OMgy = 70.58-T

‘szU
FS,:yu = M— FS,:yu =1.722
u

Lower Steel Yield Strength

AF
a=— 5 a_1214in
0.85F b
a kip-ft
oMy = P ARy |d - = OMg; = 54.01. 2=
2 ft
dMg
FSpyi= ——  FSpy = 1318
u
FSp=1521  FSgy = 1531 FSgyy = 1722

FSgey = 1.509 FSpy1 = 1.318
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V1. Probability of Failure Calculation

AFFy = FSFyu - FSFyI AFFy = 0.404
AFfC = FSfCU — FSfCl AFfC = 0022
ACl EQ (11-4)

AFe ) (AR

Of = 5 + > O = 0.202
o

F

VE= FSp VE = 0.133
FSp

In

/l +V 2
F

BLN = > BLN = 3.101
’In 1+ VF

R,= cnorm(B ) R=199.9%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

PE=1-R PE=0.1%

Probablity of Failure
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Corps of Engineers Kansas City District

Gatewell 106+49, Future Condition Strength and Uplift Stability
Analysis:

Major tasks assocaited with this analysis:

1. Obtain the geometry for the gatewell and levee which are taken from the Record drawings.
2. Obtain the geotechnical parameters which are obtained from the Geotechnical Engineer.
3. Perform uplift analysis assuming gate is empty.

Calculation Convention Notes:

1. All input values are highlighted in
2. Results are highlighted in green
3. Assumption notes are displayed in red

References:
Gatewell Sta. 106+49 elevations, location and reinforcing details from American Royal Arena Storm
Sewer System for KC, MO Department of Public Works plans by Shafer, Kline and Warren 1973

Gatewell Analysis

[+]
Geotech Parameters:

Information Used to Calculate Structures HGL's - Blanket Information

Station Condition [Bottom of Landside Blanket Elevation| Top of Blanket Elevation
49+00 to 51+00 Existing 719 751
51+00 to 57+00 Existing 720 750
57+00 to 59+00 Existing 722 750
59+00 to 63+00 Existing 725 735
63+00 to 68+00 Existing 728 735
68+00 to 73+00 Existing 718 733
77+00 to 82+00 Existing 720 738
82+00 to 85+00 Existing 730 740
85+00 to 88+00 Existing 730 742
88+00 to 90+00 Existing 725 732
92+00 to 94+50 Existing 735 744

102+00 to 107+00 Existing 730 742
119+00 to 127+00 Existing 722 756
136+00 to 143+00 Existing 725 753
150+00 to 153+00 Existing 725 751
159+00 to 163+00 Existing 725 745
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Geotech Parameters (con't):

Recommended Parameters for Phase Il Feasibility Study

Unit Weight (pcf) Drained Shear Strength Undrained Shear Strength*
Material Moist Saturated |e' (degrees) c' (psf) « (degrees) ¢ (psf)
Embankment 115 120 29 0 0 1000
Fill (cinders/rubble) 110 115 21 0 N/A N/A
Foundation Blanket 110 115 24 0 0 500
Foundation Sand 115 120 31 0 N/A N/A
*Estimated from average strength values for these materials
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Hydraulic Gradeline:

CID-KS Levee Feasibility Study Phase Il
Hydraulic Grade Line Station 97+00 to 107+00
500+3 Conditions - HGL

Head Above Ground Surface (ft)
~

1
rGround Surface Elevatign 755.0

0
-100 0 100 200 300 400 500 600 700 800 500 1000
Distance from Levee Landward Toe (ft) (positive indicates landward)

HGL & blanket elevations provided by Glen Bellew 6/2/08

Soil Elevation Assumed by |E|soil_geotech = Oﬁi
geotech:

Elevation of the HGL using geotech datum: |HGLgeotech = 767“1

Elevation of bottom of blanket: |E|bot blanket = 730ﬁ|
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Input Values

This is determined
from the Record
drawings El

|E|soil_at_gw = E'top_gV\J

soil_at gw ~ 768.11t

Hplanket = EIsoil_att_gw - EIbot_blanket

The HGL from the geotech needs to be
adjusted using the soil elevation at the
gatewell as the datum:

HGL = HGLgegtech -

+0ft - (Elsoil_at_gw - EIsoil_geotech)

HGL = -1.11t

Water head pressure in
Wet Well under
operating conditions.

HEAD := 0ff

Corps of Engineers Kansas City District

From record drwg |E|top ow = 768,1f||

RAISED GATEWELL 3 FEET FOR FC

HGL Line i <z
1—-‘"-.--.- ;H-H l
i \Tm
|
|
!
| H = 435t
|
|Hblanket= 38.11t | :
|
|
[

i
i
[Elbor_gw = 72461

Buried Height of
H= EIsoil_at_gw - EIbot_gw

NOTE: For rectangular
patewells, L, (span AD) shall

be longer than L, (span AB).

Al dia s I

Projected Height of
Gatewell above soil

El

H = E'top_gw ~ Elsoil_at_gw

H' = 0ft

Gatewell Analysis

Width analyzed: Ly:=1L m — Ly =13ft
Floor Thickness |[Df := 24i
f
—
Slab clear cover |Ccf = 39 | WERTE
4 =
Slab effective depth df := Df — Ct
de — 2051 Note: Upper case "L" represents the out-to-out dimension.
f= <02 ower case "I" representst the clear span dimension.

106+49 GW FutureCond (Landside).xmcd

Length_Check := |"Ok" if L1 =L,

"NG - Assign larger dim to L1" otherwise
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Wall Thickness

Ly =1y Wall 1 (Span AD) wall thickness
D, := 18i Wall 2 (Span AB) wall thickness

D3:= Dy Wall 3 (Span BC) must be of the same thickness as Wall 1 (Span AD)
D, =D Wall 4 (Span CD) must be of the same thickness as Wall 2 (Span AB)
4= 22
Clear Spans
l1:=L1-2:Dy [y = 10ft Clear span wall AD
lp:=Ly—2Dg |l =81t Clear span of wall AB
I3:=1q I3 =10ft Clear span of wall BC
lg:= 1 Iy =8ft Clear span of wall CD
Concrete Section Areas b=1ft
Ay =Dyb  |Ag = 15
g1 = Pr gl =+
Ay =Dyb  |Agy =15
g2~ ~2 g2 ~—
A=Ay |Ag=151
> df = 20.5in
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Base Slab Reinforcment

Reinforcement information provided by the record drawings |Bar_Spgy;, := 12ir1

BarNogp, :=
BarNog), = 5
[¥] Base Slab Reinforcement
A
slb . 2
Aclp = ————— Aqp = 0.31-in
ey Bar—Spslb slb
12in

Wall Reinforcement Areas At Elevation Bot of
Gatewell:

Reinforcement information provided by the record drawings

I. WALL AD Ly = 13ft
END SUPPORT AND MID-SPAN REINFORCEMENT
Bar_Spacingapoyt = 10ir1 Bar_Spacingapip, = 6ir1
Bar_Noapout = Bar_Noa pip =
Bar_Noapout = 7 Bar_Noa i = 8

[¥] Wall Reinforcement
The area of steel will be calculated /ft:

A A; .2
AAD L= out AAD' _ n AOUt = 0.6-in
ou Bar_Spacingapout n Bar_Spacing s pip, 2
- Aj, = 0.79:in
12in 12in
. 2 . 2
AADOUt = 0.72-in AADln = 1.58-in
IIl. WALL AB Lp =111t
END SUPPORT AND MID-SPAN REINFORCEMENT
Bar_Spacingagoyt == 6ir1 |Bar_SpacingABin = 6ir1
Bar_Noapout = Bar_Noagin =
Bar_Noapggyt = 6 Bar_Noapin =7
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Gatewell Analysis

[¥]— Wall Reinforcement

The area of steel will be calculated /ft:
A A .2
Agoyt = out Aagin = Aoyt = 0.44-in
ou Bar_Spacing gt n Bar_Spacingagin, 2
- Aj, = 0.6-in
12in 12in
. 2 . 2
AABOUt = 0.88-in AABIn =1.2-in
[¥] Reinforcement Bar Diameters
Reinforcement Clear Cover
Wall AD Wall AB
[coverADout := 3in| [coverABout := 3ir|
|coverADin := 3in
Effective Depth:
These effective depths are used for the AD end analysis
Dy = 18in diaADin = 1-in diaADout = 0.875-in
. diaADi diaADout
dAD_in_end := coverADin + daaun dAD_out_end := D — coverADout - daA—olt
d ; = 3.5i =
AD_in_end i dAD out end = 14.563ir
These effective depths are used for the AB end analysis
diaABin = 0.875-in diaABout = 0.75-in Dy = 1.5t
diaABin .
d ; := coverABIn + diaABout
AB_in_end dAB out_end = D2 — coverABout - ————
dAB in end = 3.437.ir1 .
dAB out end = 14.625-"1
These effective depths are used for the AD mid analysis
diaADin = 1-in diaADout = 0.875-in
diaADin diaADout

dAD_in_mid =Dq - coverADin —

dAD_in_mid = 14:5-i1

106+49 GW FutureCond (Landside).xmcd
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These effective depths are used for the AB mid analysis

diaABin = 0.875-in diaABout = 0.75-in
diaABin

dAB_in_mid =Dy - coverABin — diaABout

d AB_out_mid = coverABout + 5

dAB_in_mid = 14.563~ir1

dAB out_mid = 33751

Assumptions

e Concrete strengths were not specified in any of the information available and ACI
recommends the use of 3000 psi nominal concrete strengths for older concrete.

e The Portland Cement Association pamphlet, Engineered Concrete Structures, Dec.
1997 Vol. 10 No. 3. recommends using 40 ksi yield strengths for rebar of this time

period.

Soil Properties  |?B = 21deq |“fsoil = 115I00f|

At Rest Soil Pressure K= 1 - sin(¢B) Ko = 0.642

2
¢
Active Soil Pressure: Kg = tan(45deg - TB Kq = 0472

Concrete Unit Weight [ := 150pcf| Concrete Properties Water Unit Weight |, := 62.4pcf
Steel P ti =
eel Properties Fy = 40k} Modulus of  [Es = 29000ks

Elasticity:

81 =0.85 ', = 3000 psi

ksi

fi, — 4ksi))
B1 = if| f < 4ksi,0.85,if| f, > 8ksi,0.65,0.85 — 0.05-————
J
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Load & Resistance Factor Design Resistance and Load Factor Values

Strength Reduction Factors

Shear Strength oy =10

Flexural Strength op,= 1.0

Load Factors

Dead and Live Load Factor L= 1.0 Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Load Factor = 1.0 Hydraulic Factor EM 1110-2-2104 (3-2)

Extreme Case Factor Ny = 1.0 Short Duration (Extreme Condition) EM
1110-2-2104 (3-4)

Note: Load Factors (1.6 for live load and 1.3 for hydraulic structure) and Strength Reduction Factors (.85
for shear, 0.90 for bending) are not applied for in this initial evaluation. Instead a factor of safety is
computed for the existing structure. If a strength concern is found, a design approach (applying these
factors directly) will be taken for any recommended solutions.

Wall Loading
Wall Loading WALLS
. Soil
7“ ™ H = 4351t
OR
H2 =
mli - Hp = 4351t _ W1 =L Y1 Ko Vsoil H2
- = W, = 2693-psf
Soil & Water
, H
Hy = if| H < Hb|anket,H—~(HGL + Hplanket) ~ HEAD.H + HGL ~ HEAD
blanket
& Hy = 4241t
H, = 36.5ft
NHV®VZ: H3 - 7ft

Wy = Y ¥ [ Ko (Vsoit = Yw) Ho + i Ha]
W, = 3441.psf

Check to determine if water to top of wet well with W= if(w1 > W2’W1’W2)'b W = 3441.plf
reduction factor, Yy, or soil loading is worst case
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Moment Distribution of Gatewell Walls

NOTE: Check continuity of reinforcement at corners. If continuity is present, use moment
distribution to determine the demand moment values. Otherwise, analyze the gatewell wall
sections as simply supported beams.

The following calculations determine the distributed moment based on relative stiffness. In order for the
calculations to be valid, the following must be true:

1. The structure has four walls. The walls that are parallel to each other are of the same thickness.

2. The El value is based on the wall length and the wall thickness.

3. The walls are orthagonal.

4. The walls are exposed to uniform loading W, and W = 3441.plf is the same for each wall.

Design Section Length
L, = 13ft Ly =11ft Lg=13ft Ly = 111t

Moment of Inertia:

Determine Moment and Shear:

. - o b=1ft Dy=15ft D,=15ft
Dy=15ft Dg=15ft
b-D;° 4
LI L3 'eam1 =, lbeam1 = 5832
b-D,’ 4
lbeam2 = 7 Ipeam2 = 5832:In
o L4 ¢ | | 4
beam3 -~ "beaml lpeam3 = 5832:in
.4
Enter End Conditions: lbeama = 'beam2  'beama = 5832-in

All carryover factors are equal to 0.5 (idealize as a continuous beam over supports A, B, C and D).

COFp = 05 COFg := COFp COF( := COFp COFp:= COFp
A= COFp B := COFg .= COF D':= COFp

Fixed End Moments For A Uniform Load Between Fixed Supports using center of support to center of
support distance per ACI 318-02 8.7.2 :

Ly = 131t L, = 132:in Ly = 13ft Ly = 111t W = 3440.829-plf
2 2
W(L1 - D2 . Wtz - Dy .
Mfiy 1= % |Mﬁx_1 = 37.921-k|p-f1 Mfiy 2= % |Mﬁx_2 = 25_878.k|p.f1
2 2
W(Lts — D2 . Wiks - Dy .
Mfix_3 = ( 1 ) |Mfix_3 = 37-921-klp~f1 Mfix 4 = ( o ) |Mﬁx_4 = 25.878-k|p~f1
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[¥] Distribution Factors

Corps of Engineers Kansas City District

Gatewell Analysis

Map|Mas Mga]Mac Mcg|Mcp Mpc

COF 0.50]0.50 0.50]0.50 0.50]0.50 0.50
DF 0.46{0.54 0.54{0.46 0.46]0.54 0.54
FEM -37.92]25.88 -25.88]37.92 -37.92|25.88 -25.88
D#1 5.520]6.523 -6.523|-5.520 5.520|6.523 -6.523
CO#1 -2.760]-3.262 3.262]2.760 -2.760]-3.262 3.262
DF#2 2.760]3.262 -3.262]-2.760 2.760]3.262 -3.262
CO#2  -1.380]-1.631 1.631]1.380 -1.380|-1.631 1.631
DF#3 1.380]1.631 -1.631}-1.380 1.380]1.631 -1.631
CO#3  -0.690]-0.815 0.815]0.690 -0.690]-0.815 0.815
DF#4 0.690]0.815 -0.815]-0.690 0.690]0.815 -0.815
CO#3  -0.345]-0.408 0.408]0.345 -0.345|-0.408 0.408
DF#4 0.345]0.408 -0.408]-0.345 0.345[0.408 -0.408
-32.40132.40 -32.40132.40 -32.40]32.40 -32.40

106+49 GW FutureCond (Landside).xmcd
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Attach proper units to distributed values

MaDend = M'aD Ttkip: Mapend,= M ag:ft-kip

McBend = M'cp-ftkip Mpceng == M'pc-ft-kip

End-of-Span Moments After Distribution

IMADend = ~32.401 Kip-fM o peng = —32.401 kip-fi

IMcBend = ~32:401-Kip-H[Mpceng = ~32.401-kip-fi

Note that the end-of-span moment value is
the same at each joint because of uniform
and equal loading present on all spans.

W = 3440.829-plf
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Note: L, represents span AD, L, represents span AB, L, represents span BC and L, represents span CD

Mid-Span Moment Values

Moment Envelope Values

_ ) -
W-(Lq - Dy) 2
|\ m2) — : W-(L, - D
MyuADin = 5 - |Mapend| IMuADin = 24.48-kip fi M — 56.881-kip-ft
—W~(L2 - D1)2 | : W-(L, - D )2
MuaBin=|— 5 - |MaDend| IMuagin = 6:416-kipfi 2V sggr7kipht
_W~(L3 - D2)2 ; W-(L3 - D )2
MucBin = 3 - |MCBend| |MUCBin = 24.48~k|p-ﬁ| 872 56.881-kip-ft
—W~(L4 - D1)2 : W-(Ly - D )2
Mubcin = 3 - |MDCend| |MUDCin = 6.416-k|p-ﬁ| _\4 Y 38.817-kip- ft
The demand moment will be taken at the support face IAW ACI 318-02, 8.7.2 and 8.7.3.
[ W-D, }
M =M + ——(2L4, — 3D
UADface ADend 8 ( 1 2) Free Body Diagram
|MUADface = _18-53'kip'ﬁ| * ‘ ¢I0ad
WDy Ve (" — )"
MuABface = | MaDend + —5 (22 - 3Dy) l T
|MUABface = _21'111'kip'ﬁ| Viace Vend
le |
MucBface = MuaDface Mubcface = MuABface I D/2 i

"D" represents the orthagonal wall thickness
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Mubcout = Mpcend IMupcout = ~32.401 kip-fi

MuaBout = MADend IMuABout = ~32:401 kip-fi MuBaout = MADend

FACTORED MOMENT DISTRIBUTION VALUES

MUABface_: —21.111-kip-ft MUBAout = —32.401-kip-ft

B NOTE: For rectangular
[

gatewells, L; (span AD) shall
be longer than L, (span AB).

A

MyADface = ~18.53-kip-ft=="=]==

Ly =131t | L3 =131t |

MUADin = 24.48-kip'ft—-—--oo—oo—oo coemmssmmmes - MUCBII’] = 24.48.kipft

-oo—oo—ooToo—oo—o

C

- MUCBface = —1853k|pft

MUDCOUt = —32401k|pft;--

O
| o

The "L" values are the "outside-to-outside" dimensions.

Ensure the reinforcement size entered earlier reflects the steel that will be in tension at the mid-span.
For example:

IF: The mid-span moment demand value obtained from moment distribution is negative.

THEN: The steel located near the wall's exterior face is in tension. Select the reinforcement size that is
present near the wall exterior face.
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Wall Thrust

Corps of Engineers Kansas City District

Gatewell Analysis

Thrust was considered when evaluating the wall section moment and shear capacity. A higher value of thrust within
the tension-controlled region of the interaction diagram results in a higher nominal strength value. The calculated
thrust is based upon the active (lower) value of lateral loading. This is deemed conservative relative to the at-rest
(higher) value of lateral loading. Note that for lateral loading on the walls, the at-rest loading condition was used.

Kq=0472 Hy = 36.5ft

’\{soil = 115pCf
Wiactive = YL YH Ka Vsoil H2
Waactive = “fL'WH'“fX'[Ka'hsoil - “fw)'HZ hw H3]

W1active = 1982.711-psf Wo,ctive = 3115.835-psf

Wactive := if(Wlalctive > WZalctive’Wlalctive>W2active)'b

[Wactive = 3115.835-plf| W = 3440.829.plf

Total Trust Acting On Wall AD:

Wactive- L,
PADthrust = 5

PADthrust = 17-137 ki

106+49 GW FutureCond (Landside).xmcd

tension-controlled
region

Total Trust Acting On Wall AB:

Wactive- Ly

PaBthrust =~ [PABthrust = 20.253-kip|
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Wall AD (Wall 1) Analysis

Shear Demand:
W = 3440.829-pif 17 = 10ft

|
. ! . :
V= W V', = 17.204-kip

dAD out end = 14-563-in

1
? - OIAD_out_end
Vuap = Vi . VuaD = 13.029-kip W = 3440.829-plf
2

V' = 17.204-kip Vyap = 13.029-kip

L]
g7 I
|
L, = 13ft ; I, = 10f
17 0N el t — .i_ ...... 3= t
|
:
e
Ly = 111t
Shear Capacity and Factor of Safety:
PADthrust .
d = 14.563-in ———— = 0.04psi f.=3ksi b=1ft Shear Concrete Resistance value
AD_out_end 2000-A c )
g1 at Distance d from Support

ACI 318R-11.1.3.1

P -
ADthrust in
Vp_pap = dy| 2| 1+ — 1 [ fePsi)(bdap_out end)| AC! EQ (11-4)
- 2000-Agq Ibf ( ) out end) [V ap = 19.902-kif

Vyap = 13.029-kip

$Vh_AD
VyAD |FS ADshear = 1-528 |

Factor of Safety FS ADshear ==
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DEPTH OF EQUIVALENT RECTANGULAR STRESS BLOCK

Wall AD Con't
Fy = 40-ksi f'C =3-ksi b=1ft W =3441-kIf Lq=13ft
’ﬂ‘ ! A N
[ .2 ‘ADout" "y
| AaDout = 0-72-In 8AD_out™™ "o ger p
; O%c
1
i
!
! ||
! A F
! .2 ADin "y
JE R | - —— .. AADIn = 1.58-in aAD in = R
i - 0.85f b
!
i ||
i
i aAD out = 0-941'i1 aAD jn = 2.065:in
1
I
!
i

D
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Negative Moment Redistribution Wall AD Con't
ACI 318-02, 8.4 allows moment redistribution (plastic hinge formation). Refer to 8.4 for moment
redistribution limitations.

Determine if redistribution is possible. To occur, the steel must yield prior to concrete crushing.

B1=0.85 f'c = 3000 psi

Beta one value is equal to 0.85 for f'c equal to or less than 4000 psi

a a .
AD_out : AD _in :
CAD_OUt = —6]_ |CAD_0Ut = 1.107-"" CAD_in = o1 cAD_in _ 2_43.”1

The net tensile strain values Negative moment distribution is permissible

when the tensile strain is greater than 0.0075,

d
AD_out_end _ 1] Etout = 0.036 per ACI 318-02, 8.4

EtOUt = 0.003- c
AD_out

Reduce negative moment at face of wall AD end support and increase the positive
mid-span moment (if applicable)

M
| UADface| . .
d’B'b'dAD_out_end
o g1 : MyADin = 24.48-kip-ft
€'tface = |0-003: = 1] if (egoyt 2 0.0075) A (Myapin > 0)
40 Rnface
1- [1-—.
17 f
c PCA 318-05 Notes, page 8-3
0 otherwise €'tface = 0.07
e'_ADfacedelta:= |€&'if500'10 if 0 < €'t50e < 0.020 ¢_ADfacedelta = 0200 €'y0y 10 = 0.701

0 if €50 =0

0.20 otherwise

RedistAD := | "Permitted" if Eltface #0

[RedistAD = "Permitted” |

"Not Permitted" otherwise

IF: The strain is greater than or equal to 0.0075 and the mid span moment is positive
THEN: Negative moment redistribution is permitted. OTHERWSE: Negative moment redistribution is not
permitted and "N/A" is printed.

Redistributed (reduced) negative moment at the support face |

M'UaDface = | MuaDface (1 — € _ADfacedelta) if &'_ADfacedelta = 0

"N/A" otherwise

M'UADface = —14.824-kip-ﬁ| MUADface = ~18.53-kip-ft
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M'UaDout = |MuDpcout (1 — €_ADfacedelta) if ¢'_ADfacedelta = 0 Wall AD Con't

"N/A" otherwise

IM'UaDout = 25.921°Kip-f|  Myapface = ~18.53-kip-ft  Mypcoyt = ~32401-Kip-t

Corresponding redistributed (increased) mid-span moment |

2
, Wt -Dy) , L . , :
Muapin= | =5 (1L HIx) + Muapout I Muapout * "NIA M'yADout = ~25-921-Kip-ft

"N/A" otherwise

M'yADin = 30.96-kip-f{

2
W-(L, - D

Moments on Span AD After Redistribution . -
P [RedistAD = "Permitted” |

A B

Note: If redistribution is not allowed,
| "N/A" is shown.
M'UADface = —14824k|pft

106+49 GW FutureCond (Landside).xmcd Page 18 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District
Checked by: XXXDate:

Wall AD Magnified Moment Check

Gatewell Analysis

Wall AD Con't
The effects of wall slenderness shall be checked.
.10.12.2 — In nonsway frames it shall I:le. permitted to Table 8-3 Defiection Coefficiant K
ignore slenderness effects for compression members
that satisfy: K
ﬁi 412 M, M) {10-8) 1. Cantilevers (deflection due to rotation at supporis 240
r 1 2 not included)
where the term [34 - 12MiMy] shall not be taken 2. Simple beams 1.0
greater ﬂjan 4[!: The term MylMa is pDEi'J"h:"E- if the 3 Confinuous beams 1.2-0.2 Mg/,
member is bent in single curvature, and negative if the
member is bent in double curvature. 4. Fixed-hinged beams (midspan defiection] 0.80
8. Fixed-hinged beams (maximum deflection using 074
M;:=Myapfacd  [M2:= MuaDfacq maximum moment)
; ; 6. Fizedfized beams 0.60
M, = -18.53-kip-ft M, = -18.53-kip-ft
For other types of loading, m are given in Ref 8.2
From the table from the right, the k value . . i
for fixed fixed condition: Mo = Simple span mement at midspan ?1
M3 = Net midspan moment.
Ubraced length: I, =L I, = 13ft
u 1 u
Radius of Gyration, r:
Thickness of Wall: Dy = 1.5t
10.11.2 — It shall be permitied to take the radius of
requal to 0.20 times the overall dmension in
the direction stability is being considered for rectangu-
lar compression members and 0.25 times the diameter
for circular compression members. For other shapes, it
shall be permitted to compute the radius of gyration for r= 0-3'D1 r=0.45ft
the gross concrete section.
Iu
Slender_Ratio := k-— [Slender_Ratio = 17.333 |
r
My
ADSIlenderness_Check := if| Slender_Ratio <|34 — 12 M_ ,"Ok™ ,"Consider Slenderness using ACI 10.10.1"
2

|ADSlenderness_Check = "Ok" |

IF: ADSlenderness_Check is OK
i THEN: Moment magnification is not required

IF: ADSlenderness_Check is NOT OK
THEN: Wall is slender. Moment magnification per ACI 318-02, 10.12 shall be followed
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Wall AD Mid-Span Nominal Moment Capacity Ly =131t

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth
b =12:in Column Width
Bar_Noapi, =8 Tension Bar Size

f'C = 3-ksi Conc. Str. - ksi
Fy = 40-ksi Bar Yield - ksi
coverADin = 3-in  Cover -in
Axial Compression with ACI Reduction value: ¢g = 1 Bar_Noapj, = 8 diaADin = 1-in
lterations i=1.2 i =
]
2
Bar area at i NAM = ApDout A2 = AADin Ai =
0.72 -in2
1.58
coverADout = 3-in diaADout = 0.875-in coverADin = 3-in diaADin = 1-in
diaADout . . .= 24.48-kip-
dd, == [coverADout + % if Myapin > Oft-kip MuADin = 2448-kip-ft
i i dd, = 3.437-i
coverADin + @ otherwise 1 |
. diaADi . .
dd2 = |Dq - (coverADln + Jj if Myapin > O0ft-kip
diaADout .
Dy - (coverADout + J) otherwise dd2 — 1451
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Wall AD, Midspan Column Interaction Results Wall AD Midspan

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is
based on the tension region of the interaction diagram:

Assume ¢=0.2*D i=1.2 |:)1 =15ft b=1ft 81 = 0.85
Given ¢c:=.2:Dg ¢ = 3.6-in
M
row - =
0.003 . 0.003
P ADthrust = Z (c - ddi>-T-Es if (c - ddi>-T-Es <Fy  |A].|dg
i=1 +—if(ddi < 61-c,0.85-f'c,0)
) , . 0.003
Fy - |f(ddi < Bl~c,0.85-fc,0) if (c - ddi)~ —Es2Fy
. , . 0.003
Fy - |f(ddi < Bl-c,O.85-fC,O) if (c - ddi)~ - Es<-Fy
+0.85-f-B1-c-b -
= Find(c) ¢ = 3.237-in a= if(Bl-c > Dl,Dl,Bl-c) a=2.752-in
Find Moment:
0.003 . .
€s; 1= (c - ddi)~ ; fs, := |f(Es-s:si > Fy,Fy,lf(Es~z-ssi <0-Fy.0- Fy,Es-esi>)
Dy
Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms, := Fs.| — — dd.
1 11 | | | 1 2 |
dd. = €S. = fs. = A = Fs. = Ms. =
I 1 | | 1 |
0.286 | ft -0 -5.375| ks 072 in2 |_-3-87 -kip -21.526| -kip-in
1.208 -0.01 -40 158 -63.2 347.6
2
Mst := Z Ms, Mst = 326-kip-in
i=1
) Dl a -
Mc := 0.85-f-a-b- 7 - E Mc = 642-kip-in
d)MnADlnl = (MC + MSt) d)MnADml = 8067k|pft

d)MnADin = d)MnADinl if MUADIn > Oft-kip
®Mapin1-(-1) otherwise

Wall AD Mid-Span Nomimal Moment Strength dMpADIn = 80_673.kip.ﬁ|
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Gatewell Analysis

Wall AD Mid-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSppmiqg

Wall AD Mid-Span Con't
M A i = 80.673-Kip-ft 2 er=pan on

|

FS ADin = (

FS ADin = 329 |

d>|VInADin
MyADin

Wall AD Mid-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS aApmig

dMpApin = 80.673-kip-ft

Note: An apostrophe signifies a negative moment redistribution-related value.

oM i
FS' ADin = __nADIn if & ADfacedelta # 0
M’ .
UADiIn
"N/A" otherwise
|FSIADin = 2.606 The mid-span factor of safety always decreases when negative moment redistribution is

considered.

|ADSlenderness_Check = "Ok" |

[RedistAD = "Permitted” |

ADinspanCheck := if (ADSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

[ADinspanCheck = "OKAY" |
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Wall AD End-of-Span Nominal Moment Capacity Ly =13ft

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth
b =12:in Column Width
Bar_Noapout = 7 Tension Bar Size

f'C = 3-ksi Conc. Str. - ksi
Fy = 40-ksi Bar Yield - ksi
coverADout = 3-in Cover -in
Bar_Noapout = 7 diaADin = 1-in
A1 = AADin A, = AaDout A -

|

1.58 -in2

0.72

coverADout = 3-in diaADout = 0.875-in

dd,; == dAp in end dd, = 3.5in

dd, == dAD out end dd,, = 14.563-in
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Gatewell Analysis

Wall AD, End-of-Span Column Interaction Results Wall AD End-of-Span

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is

based on the tension region of the interaction diagram:

Assume ¢=0.2*D i=1.2 |:)1 = 15ft b=1ft 81 = 0.85
Given Gi= 2:Dq ¢ = 3.6-in
row - =
0.003 . 0.003
P ADthrust = Z (c— ddi>- —Es.. if (c— ddi>- —Es<Fy Al op
i=1 +—if(ddi < 61-c,0.85-f'c,0)
) , . 0.003
Fy - |f(ddi < Bl~c,0.85-fc,0) if (c - ddi)~ —Es2Fy
. , . 0.003
Fy - |f(ddi < Bl-c,O.85-fC,O) if (c - ddi)~ - Es<-Fy
+0.85-f-B1-c-b -
= Find(c) c = 2.887-in ac= if(Bl-c > Dl,Dl,Bl-c) a = 2.454-in
Find Moment:
0.003 . .
€s; 1= (c - ddi)~ ; fs, := |f(Es-s:si > Fy,Fy,lf(Es~z-ssi <0-Fy.0- Fy,Es-esi>)
Dy
Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms, := Fs.| — — dd.
1 11 | | | 1 2 |
dd. = €S. = fs. = A = Fs. = Ms. =
I 1 | | 1 |
0.292 | ft -0.001 -18.458 158] -in -29.164| -kip -160.403| -Kip-in
1.214 -0.012 -40 072 -28.8 160.2
Msti= > Ms, Mst = —0-kip-in
i=1
D1 a
Mc = 085fab|— -~ Mc = 584-kip-in
2 2

(')MnADfacel = (MC + MSt)
®MnaDface = | PMnADface1r T MuADface > Oft-kip

OMpaDface1 (-1) otherwise

dMpADface1 = 48-63-kip-ft

MUADface = —1853k|pft

Wall AD End-of-Span Nominal Moment Strength

OMpADface = —48.629-kip-fi
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Wall AD End-of-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSppface

d)MnADface = —48.629-kip-ft MUADface = —18.53-kip-ft
) dMpADface
FS ADface = M —
UADface

FS ADface = 2-624 |

Wall AD End-of-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS ppface

$MnaDf
FS'ADface = ﬁ if €'_ADfacedelta = 0
UADface
"N/A" otherwise
|FS' ADface = 3-28 | The end-of-span factor of safety always increases when negative moment

redistribution is considered.

|ADSlenderness_Check = "Ok" |

[RedistAD = "Permitted” |

ADoutspanCheck := if (ADSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

|[ADoutspanCheck = "OKAY" |
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Wall AB (Wall 2) Analysis

Shear Demand:
W = 3440.829 ft-psf |, = 8t dAB out end = 14.625-in

P

l — —d

2 . AB_out_end
V' o=W-— V' = 13.763-Kip .2 - =
~WUA 2 u VUAB =V u

|
2 .
— VUAB = 957k|p

2
\ V', = 13.763-kip
\ e ——

L, - 11ft K Vuag = 9.57-kig

Fi

Total Thrust into Wall2:

PABthrust = 20-253-kip

i Note: Refer to wall AD calculations for derivation of
i the thrust values acting on wall AB.

Ly =13ft |4.—.—. - == 1115 = 101t

W = 3.441-kIf

Shear Capacity and Factor of Safety

. p .
d = 14.625-in ABthrust .. . Shear Concrete Resistance value
ABoden 2000ag, ~ 07 1= 300001 =11 i biiance d rom Suppor
2 ACI 318R-11.1.3.1

. PABthrust in o) (b.d =
PVn_ap = v 2| 1 2000Ag, Ibf (TPt (0-dag outend)|  aci EQ 14) [#Vn AB = 20126Ki]

Factor of Safet Fs ALY FS — 2103
y ABshear -~ | ABshear = < |

VuAB
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Depth of Equivalent Rectangular Stress Block Wall AB con'
Fy=40ksi fo=3ksi b=1ft  W=344LKkf Lj=13ft
A A -F
.2 ABout"y
A = 0.88-in aABout .= ——
ABout 0.85f-b
AnginF
.2 . ABIn' "y
Appin = 1.2:in aABin == ——
ABIN 0.85f-b
[#ABout = 1.15:in [#ABin = 1569-ir
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Negative Moment Redistribution Wall AB con't
ACI 318-02, 8.4 allows moment redistribution (plastic hinge formation). Refer to 8.4 for moment redistribution
limitations.

Determine if redistribution is possible. To occur, the steel must yield prior to concrete crushing.

31 =0.85 f'. = 3000 psi

aABout
cABout = 1.353-in cABin:=

cABout := aABin

CAD_in = 2.43-in

The net tensile strain values

Negative moment distribution is permissible
- 1| eyt =0.029 when the tensile strain is greater than 0.0075,

per ACI 318-02, 8.4
Reduce negative moment at face of wall AB end support and increase the positive
mid-span moment (if applicable)

M
UABf: . .
Rrface,= | el = Roface = %795l MUABface = —21-111-kip-ft
d’B'b'dAB_out_end

AL 1| if (eqoyt 2 0.0075) A (Myagin > 0)

Eliface = |0.003- -
R
1- |1- 40 . nface
17 f
c PCA 318-05 Notes, page 8-3

0 otherwise Eltface = 0.062

d

AB_out_end
Etout = 0.003.| ——————
( cABout

e'_ABfacedelta := | €'500'10 if 0 < €'t50¢ < 0.020 &' ABfacedelta = 0,200 €' fa0e 10 = 0.616

0 if €50 =0

0.20 otherwise

RedistAB := | "Permitted" if Eltfacei 0

[RedistAB = "Permitted" |

"Not Permitted" otherwise

IF: The strain is greater than or equal to 0.0075 and the mid span moment is positive
THEN: Negative moment redistribution is permitted. OTHERWSE: Negative moment redistribution is not
permitted and "N/A" is printed.

Redistributed (reduced) negative moment at the support face |

M'UaBface = |MuaBface (1 — €_ABfacedelta) if €'_ABfacedelta = 0

"N/A" otherwise

M'UABface = —16.889.kip-ﬁ| MUABface = —21-111-Kip-ft

106+49 GW FutureCond (Landside).xmcd Page 28 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District Gatewell Analysis
Checked by: XXXDate:

Wall AB con't
M'UaBout = |MubDcout (1 — €_ABfacedelta) if e'_ABfacedelta = 0

"N/A" otherwise

IMUaBout = 25921 kipfl  Myagface = —21.111Kip-ft  Mypcoyt = ~32401-Kip-t

Corresponding redistributed (increased) mid-span moment

W-(Ly - D1)2
8

"N/A" otherwise

M'uABin = (Y YHIX) + MyaBout i MuaBout # "NA”

2
W:(Lp - Dy) . .
———— = 38.817-kip-f Myagijn = 6.416-Kip-ft

M'yagin = 12896 kip-f{

Moments on Span AD After Redistribution  [RedistAB = "Permitted" |

M'UABfaCE = —16889k|pft

A B Note: If redistribution is not allowed,
"N/A" is shown.
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Wall AB Magnified Moment Check

Gatewell Analysis

Wall AB Con't
The effects of wall slenderness shall be checked.
10.12.2 — Im nonsway frames it shall be permitted to Table 8-3 Defiection Coefficiant K
ignore slenderness effects for compression members
that satisfy: K
ﬁi 412 M, M) {10-8) 1. Cantilevers (deflection due to rotation at supporis 240
r 1 2 not included)
where the term [34 - 12MiMy] shall not be taken 2. Simple beams 1.0
greater than 40. The term My/Ma is positive if the 3 Confinuous beams 1.2-0.2 Mg/,
member is bent in single curvature, and negative if the
member is bent in double curvature. 4. Fixed-hinged beams (midspan defiection] 0.80
8. Fixed-hinged beams (maximum deflection using 074
Ma=Myuasfaced  [Mav= MuaBfacq maxirmum moment)
) ) 6. Fizedfized beams 0.60
Mq = —21.111kip-ft M, = —21.111-kip-ft
For other types of loading, m are given in Ref 8.2
From the table from the right, the k value i
for fixed fixed condition: Mo = Simele span moment st micspan ?1
M3 = Net midspan moment.
Ubraced length: AIIUA:: Ly I, =111t
Radius of Gyration, r:
Thickness of Wall: D, = 1.5t
10.11.2 — It shall be permitied to take the radius of
requal to 0.20 times the overall dmension in
the direction stability is being considered for rectangu-
lar compression members and 0.25 times the diameter
for circular compression members. For other shapes, it
shall be permitted to compute the radius of gyration for = 0-3'D2 r=0.45ft
the gross concrete section.
Iu
Slender_Ratio := k-—  [Slender_Ratio = 14.667 |
r
M1
ABSlenderness_Check := if| Slender_Ratio <| 34 — 12- M_ ,"Ok™ ,"Consider Slenderness using ACI 10.10.1"
2

|[ABSIenderness_Check = "Ok" |

IF: ADSlenderness_Check is OK
i THEN: Moment magnification is not required

IF: ADSlenderness_Check is NOT OK
THEN: Wall is slender. Moment magnification per ACI 318-02, 10.12 shall be followed
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Wall AB Mid-Span Nominal Moment Capacity Lp =11t

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth
b = 12-in Column Width

Bar_Noagj,=7 Iension bar Size

f'C = 3-ksi Conc. Str. - ksi
Fy = 40-ksi Bar Yield - ksi
coverABin = 3-in  Cover -in

Axial Compression with ACI Reduction value: ¢g =1 Bar_Noagip = 7 diaABin = 0.875-in

diaABout = 0.75-in
A= ApBout A= AaBin A=

Bar area at i
.2
1-in
coverABout = 3-in diaABout = 0.75-in coverABin = 3-in diaABin = 0.875-in
diaABout . . i = 6.416-Kip-
dd, := |coverABout + % if Magin > Oft-kip MuaBin = 6.416-kip-ft
i i dd, = 3.375-i
coverABin + dla’gBm otherwise 1 |
. diaABi . .
dd2 = |Do - (coverABln + 1a mj if Myapin > 0ft-kip
diaABout .
D, - (coverABout + J) otherwise dd2 —14.563.in
coverABout = 3-in diaABout = 1-in
dd1 = dAB_out_mid dd1 = 3.375-in
dd2 = dAB_in_mid dd2 = 14.563-in
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Wall AB, Mid-Span Column Interaction Results

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is

based on the tension region of the interaction diagram:

Assume ¢=0.2*D

Corps of Engineers Kansas City District

Wall AB Mid-Span con't

i=1.2 Dy = 18-in b=1ft 81 = 0.85
Given Gi= 2:Dy ¢ = 3.6-in
(row — - =]
0.003 0.003
P ABthrust = Z ( - dd) —Es.. if ( - dd) —Es<Fy Al 0
i=1 +—|f(ddi < Bl-c,o.ss.f'c,o)
. , . 0.003
Fy - |f(ddi < Bl-c,O.85-fC,0) if (c - ddi)~ —Es2Fy
. , . 0.003
-Fy - |f(ddi < Bl~c,0.85-fc,0) if (c - ddi)~ - Es<-Fy
+0.85-f-Blcb o
= Find(c) c = 2.996-in = if(Bl-c > D2,D2,Bl-c) a = 2.547-in
Find Moment:
0.003
€s; 1= (c - ddi)~ ; fs, |f(Es €S, > Fy,Fy,lf(Es es;<0 - Fy,0 - Fy,Eses; ))
b2
Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms, := Fs.| — - dd,
1 11 | | | 1 2
dd. = €S. = fs. = A = Fs. = Ms. =
I 1 | | 1 |
0.281 | ft -0 -10.999| -} 0ssl -in -9.679| -kip -54.443| -Kip-in
1.214 -0.012 -40 ' -48 267
1.2
Msti= > Ms, Mst = 213-Kip-in
i=1
D a
Mg = 0.85-f-a-b- > _E Mc = 602-kip-in

(')MnABml = (MC + MSt)

®Mnagin = [®Mpagin1 T Myagin > Oftkip

O®MpaBin1(—1) otherwise

Wall AB Mid-Span Nominal Moment Strength

dMpABin = 67.892 kip-fi
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Gatewell Analysis

Wall AB Mid-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSpgmiqg

Wall AB Mid-Span Con't
OM agin = 67.892-kip-ft o AE Mid=pan ~on

|

FSABin = [

FS Agin = 10.582 |

d>|V'nABin

MyABIn

Wall AB Mid-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS aAgmid

dMp,agin = 67-892-kip-ft

Note: An apostrophe signifies a negative moment redistribution-related value.

dMpaBi
FS' ABin = — AP g €' ABfacedelta # 0
M' .
UABIn
"N/A" otherwise
|FSIABin = 5.265 | The mid-span factor of safety always decreases when negative moment redistribution is

considered.

|[ABSIenderness_Check = "Ok" |

[RedistAB = "Permitted" |

ABinspanCheck := if (ABSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

[ABinspanCheck = "OKAY" |

106+49 GW FutureCond (Landside).xmcd Page 33 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District Gatewell Analysis
Checked by: XXXDate:

Wall AB End-of-Span Nominal Moment Capacity L, = 11ft

Note: The following routine calculates the moment capacity of a concrete column with the axial load set
to the thrust introduced from the adjacent wall This assumes tension controlled interaction behavior
(beam behavior). This has been verified for this type of structure.

Dy = 18:in Column Depth

b =12:in Column Width

Bar_Noapgout = 6 Tension Bar Size

f'C = 3-ksi Conc. Str. - ksi

Fy = 40-ksi Bar Yield - ksi

coverABout = 3-in Cover -in

Bar_Noapgout = 6 diaABin = 0.875-in
A, = Appi A=A
ABIn ABout -
! 2 Ai N <==The first value of Al is the
9 compression steel, A2 is the
1.2{ -In tension steel

0.88

coverABout = 3-in diaABout = 0.75-in

dd1 = dAB_in_end ddl = 3.437-in Effective depth of the compression steel

dd2 = dAB_out_end Effective depth of the tension steel
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Gatewell Analysis

Wall AB, End-of-Span Column Interaction Results Wall AB End-of-Span con't

Find the Moment Capacity of a one foot strip under an axial load (thrust calculated previously), this equation is
based on the tension region of the interaction diagram:

Assume ¢=0.2*D i=1.2 Dy = 18:in b=1ft 81 =085
Given Gi= 2:Dy ¢ = 3.6-in
row - =]
0.003 . 0.003
P ABthrust = Z (c - ddi)- —Es.. if (c - ddi>- —Es<Fy Al 0
i=1 +—if(ddi < Bl-c,o.ss.f'c,o)
. , . 0.003
Fy - |f(ddi < Bl-c,O.85-fC,0) if (c - ddi)~ —Es2Fy
. , . 0.003
-Fy - |f(ddi < Bl~c,0.85-fc,0) if (c - ddi)~ - Es<-Fy
+0.85-f-Blcb o
= Find(c) ¢ = 2.891-in ac= if(Bl-c > D2,D2,Bl-c) a = 2.457-in
Find Moment:
0.003 . .
€s; 1= (c - ddi)~ ; fs, := |f(Es-s:si > Fy,Fy,lf(Es~z-ssi <0-Fy.0- Fy,Es-esi>)
D
Fs. = fs. A — if(Bl-c > dd.,0.85~f‘c,0ksi)-A. Ms, := Fs.| — — dd.
1 11 | | | 1 2 |
dd. = €S. = fs. = A = Fs. = Ms. =
I 1 | | 1 |
0.286|ft | -0.001 -16.45| -ks e in? | -19.739 ‘kip [ -109.801| -kip-in
1.219 -0.012 -40 0 8.8 -35.2 198
Msti= > Ms, Mst = 88-Kip-in
i=1
D
Mg, 0.85-f'c-a-b-(—2 - 3] Mc = 584-Kip-in
2 2

(anABface]_ = (Mc + Mst) d’MnABfacel = 56.05-Kip-ft

®Mnagface = [ PMnaBfacer T MuaBface > 0ft-kip

OMpaBface1 (—1) otherwise

Wall AB End-of-Span Nominal Moment Strength ®MnABface = —56.046-kip-ﬁi
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Wall AB End-of-Span Factor of Safety When Negative Moment Redistribution is NOT
Considered, FSpgface

OMpABface = —56-046-Kip-ft MyUABface = —21.111-kip-ft
) dMp ABface
FS ABface = M —
UABface

FS ABface = 2655 |

Wall AD End-of-Span Factor of Safety When Negative Moment Redistribution is
Considered, FS pgface

€' _ABfacedelta = 0.2

®MpABf,
FS' ABface = ﬁ if €'_ABfacedelta = 0
UABface
"N/A" otherwise
|FS' ABface = 3-319 | The end-of-span factor of safety always increases when negative moment

redistribution is considered.

|[ABSIenderness_Check = "Ok" |

[RedistAB = "Permitted" |

ABoutspanCheck := if (ABSlenderness_Check = "Ok" ,"ANALYSIS INVALID" ,"OKAY")

[ABoutspanCheck = "OKAY" |
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Strenqgth Analysis Results Summary

Span AD Moment Factor of Safety Analysis Summary and Recommendations

FS ADface = 2624 FS Apip = 3.295 FS'ADface = 328 FS' Apin = 2606
FSADNo_redist = mi”(FSADface’ I:SADin) FS' ADredist = mi”(FS'ADface’ FS'ADin)
FSADno_redist = 2624 | |FSIADredist = 2.606 |

FS ADmoment == maX(':SADno_redist’FS'ADredist) it FS'ADredist * "N/A”
FSADno_redist Otherwise
FS ADin = 3.295

FS ADmoment = 2:624 |

AD_Recommendationl := | "Perform Simple Beam Analysis" if FSapi, = 2.0 A FSpgijp 2 2.0

"Simple Beam Analysis Not Recommended™ otherwise

|[AD_Recommendationl = "Perform Simple Beam Analysis" |

AD_Recommendation2 := |"CAUTION - Reliability Questionable” if FSapmoment <15

"Span AD OKAY for Moment Strength”  if FSaApmoment 2 1-9

|[AD_Recommendation2 = "Span AD OKAY for Moment Strength" |

A listing of the span AD moment demand-capacity values, factors of safety and recommendations are provided
in the following table
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[¥]—Scalar Conversion Equations To Allow Text Entry Into Tables

Corps of Engineers Kansas City District

Gatewell Analysis

Span AD Moment Strength Analysis Summary

End-Support Mid-Span
Moment |Moment Moment | Moment
Demand, |Capacity, Demand, | Capacity,
Analysis ft*kip  [ft*kip FS ft*kip ft*kip FS
M Distributi -18. 2.62| 24.4 .
orr'1en.t |§tr|but|on . 8.53 48.63 6 8 80.67 3.30
Redistribution of Negative Moments -14.82 3.28| 30.96 2.61
Slenderness Check Ok
Redistribution of Negative Moments |Permitted

Recommendations:
Perform Simple Beam Analysis
Span AD OKAY for Moment Strength

N/A: Not Applicable
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Span AB Moment Factor of Safety Analysis Summary and Recommendations
FS' ABredist = mi”(FS'ABface’ FS'ABin)

|FSIABredist =3.319 |

FSABno_redist = mi”(FSABface’ I:SABin)

FS ABno_redist = 2699 |

FS ABmoment = maX(':SABno_redist’FS'ABredist) if FS'ABredist * "N/A"

FS i+ otherwise
ABnNo_redist
- FSABin = 10.582

FS ABmoment = 3319 |

AB_Recommendationl := | "Perform Simple Beam Analysis”" if FSapiq > 2.0 A FSpgjy = 2.0

"Simple Beam Analysis Not Required" otherwise

|AB_Recommendation1 = "Perform Simple Beam Analysis" |

AB_Recommendation2 :=

|[AB_Recommendation2 = "Span AB OKAY for Moment Strength” |

A listing of the span AB moment demand-capacity values, factors of safety and recommendations are provided

in the following table

"CAUTION - Reliability Questionable” if FSagmoment <1

"Span AB OKAY for Moment Strength”  if FSaAgmoment = 1-5

[¥]—AB Scalar Conversion for Table

Span AB Moment Strength Analysis Summary
End-Support Mid-Span

Moment |Moment Moment | Moment

Demand, |Capacity, Demand, | Capacity,
Analysis ft*kip  [ft*kip FS ft*kip ft*kip FS
Morr'1en.t D|§tr|but|on . -21.11 56.05 2.65 6.42 67.89 10.58
Redistribution of Negative Moments -16.89 3.32| 12.90 5.26
Slenderness Check Ok
Redistribution of Negative Moments |Permitted
Recommendations:
Perform Simple Beam Analysis
Span AB OKAY for Moment Strength

N/A: Not Applicable
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Shear Factor of Safety Analysis Summary and Recommendations
Span AD
FS ADshear = 1.528

Span AB
FS ABshear = 2103

NOTES TO STRENGTH SUMMARY RESULTS:

1. If simple beam analysis is performed on one wall, it must be performed on all four gatewell walls. This is
required because fixity is lost when an adjacent wall is analyzed as a simple span. Stability should be
considered when the gatewell is analyzed as having pinned supports.

2. Moment redistribution is not permitted when the mid-span and end-support moment values are negative.
3. Moment redistribution is not permitted when the reinforcement strain is less than 0.0075

4. Simple span analysis is recommended when the mid-span moment factor of safety is greater than 2.0.
Final decision to use simple span analysis rests with the engineer.

5. Reliability analysis is recommended when the 1.0 < FS < 1.5

6. Caution is provided in the recommendations when the FS < 1.0
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Properties of the Wall without an opening (Wall AB & CD)

Ds = 21t Analyze wall at, y := Oft above
Plan - L base slab
H":=H-Df -y
B B H" = 4151t
|
L, = 11ft
Wall Thickness D, = 18-in I, =8ft
Clear Cover C. = CoverABIn
MID-SPAN REINFORCEMENT
[Bar_Spacing := 6ir|
Bar_No :=
Bar_No=7
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[¥]— Wall Reinforcement

The area of steel will be calculated /ft:
Aout :
Bar_Spacing Ag = 1.2:in
12in

A=

[¥] Reinforcement Bar Diameters
Effective Depth:
D, = 18in dia = 0.875-in

dia

d:==D,-C,. -
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Wall Loading (Wall without opening near base, cont'd)
Wall Loading WALLS
. Soil
H'y == H"
_ J - H'y = 41.5ft
= o Wig = YL Y Ko soil H2
W'y = 3062-psf
Soil & Water
H'g = if| H" < Hblanket’—H -(HGL + Hb,anket) — HEAD,H" + HGL — HEAD
blanket

& H'3 = 404t
H'y = 4151t

W'y = WL'”{H‘WX'[KO'(”fsoiI - “fw)'HIZ + ”{W'HI3]
W'2 = 3922-psf

Check to determine if water to top of wet well with W' = if (W'l > W'Z,W'l,w'z).b W' = 3922.plf
reduction factor, Yy, or soil loading is worst case
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WALL without opening:

Corps of Engineers Kansas City District

Gatewell Analysis

(Wall without opening near base, cont'd)

SHEAR
f'c = 3000 psi
| 12
ool } 2
V, =V, :
u u b := 12in
2 AN
V', = 15686 Ibf — T -
2
V,, = 11-kip
Shear at Distance d from Support
ACI 318R-11.1.3.1
OV, = ¢V-[2-( /f'c-psi)-(d).b] ACI EQ (11-4) OV, = 19-kip
oV,

Factor of Safety FSopening shear = V_
- u

Bending

I:Sopening_shear =18

NOTE: Assumed to be simply supported with no thrust because of opening in adjacent walls.

Demand Moment:

, 2
WLy - D) _
My = ———— M, = 44.24-kip-ft

Moment Capacity:

_ 5y

A= Qaer
0.85f b

a
o= a5y (o)

a= 1569-in

oMy,
Factor of Safety

u
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Kip-ft
My = 85.1ft——

I:Sopening_mom =12
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Uplift Analysis:

Uplift Using Local Protection Guidance

UPLIFT

HGL Lime

|
o o H--..,__ 1
! [
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

HGL = —1.11t it e

Height from soil
level at gatewell to
bottom

of blanket. H = 43.5ft

106+49 GW FutureCond (Landside).xmcd Page 45 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District Gatewell Analysis
Checked by: XXXDate:

<< =from KC levees uplift

RIYERSIDE LaNEEIRE i
____________ o [ guidance.
/i— = e
HYDRAULIC GRADELRME T
STRUCTLR : H3 %
u |
or i
oy M | e el
E E F3 | £ =
=@ : EE
[ L
| .

F1= Pressure at the tase of the impervious blanket
ot the locaticn of the structure being investigated

P1 = Hl=Gw Where: H1 = Height of the hydraulic grade line
agbove the base of the blanket at the struzture location

Gw = Unit weight of water, 82 4 pef
Asslrna pressura is dissipated te O (zaro) at tha greund surfoca

P2 - H2«Gw' ‘Where: HZ - |Impervious blanket thickness
Bl - P2 Gw' = Equivalent unit weght = (H1/HZ2I1xGw

Hi=Gw = HZ=Gw'
P3 = HInGw'

UPLIFT PRESSURE AT BASE OF STEUCTURE
F3 = H3=(HIAHZ)=0W

CCMPUTATION OF UPLIFT ON A STRUCTURE WITHIN
THE IMPERVIOUS BLANKET IN THE CRITICAL AREA
OF A FLOOD CONTROL PROJECT

2
Apase = L1Lo Apage = 143t

Dissipated Head, if structural foundation in blanket.

Hplanket = 38.1ft  HGL = —1.1ft H=435ft Ly =13ft  L,=1lft
Hplanket + HGL '
Up=|—F ——Hitrlaw Uy = 377.0-kip
blanket
Full Head, if structural foundation extends through blanket.
U = [(H + HGL)-(Ly-Lp) ] U, = 378.3-kip
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Corps of Engineers Kansas City District Gatewell Analysis

Uplift
H=435ft Hplanket = 38.1ft H =0ft
U= if(H > Hblanket’UZ’Ul) U = 378.3-kip
Uuplift = % [Uuplife = 2646-psf]
1'=2
Weight of Structure

Walls := (Lq-Lp — 13:1p)-(H + H)-y¢  Slabs:= 2:(13:15)-Dg-y - Wg:= (Walls + Slabs) Wg = 459.1-kip

WEIGHT OF SOIL LOCATED ON TOP OF THE BASE
SLAB HEEL OR WALL STEP. EQUAL TO ZERO IF NO
HEEL IS PRESENT.

Surcharge Loads

Weight of Surcharge Water W

water : =0-b W, := 0lb

water

Skin Friction

SOIL (Soil parameters entered previously)

& = 1-deg INTERNAL FRICTION ANGLE
ol = 115-pcf DRY SOIL UNIT WEIGHT

Yy = 62.4-pct WATER UNIT WEIGHT

Youb = (Ysoil ~ W) ~ SUBMERGED SOIL UNIT WEIGHT ~eub = 52.6-pcf
Ko = 0.642 AT-REST SOIL COEFFICIENT. CALCULATED PREVIOUSLY

b= 0.25 FRICTION COEFICIENT BETWEEN STRUCTURE AND SOIL.

STRUCTURE
H=435ft
per:=2-L1 + 2Ly

Wg = 459.075-kip
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UPLIFT FORCE ACTING ON BASE OF STRUCTURE
ASSUMED CRACK DEPTH

DEPTH OF STRUCTURE BELOW GRADE
STRUCTURE PERIMETER per = 48 ft

STRUCTURE DEAD WEIGHT
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Skin Friction (Continued)

1. Effective Lateral Load that Contributes to Side Friction
c+H Ibf
Ry:=(H- c)-(TjA{SO“ Ry = 107366.875-?

c 1 Ibf
Rr=(H=0)U yig| — + = R, = 56785.004.-—
2= ( ) uplift (Z-H 2) 2 ft

Ibf
Ry - Ry = 50581871 —

2. Force Created By Side Friction, Pv

Ko = 0.642 p=0.25 per = 48 ft

Py1 = (Rq = Rp)-Kq-p-per Py1 = 389.459-kip

Ignore_Skin_Friction :=

P, =

v Okip if Ignore_Skin_Friction = "Yes" P, = 389-kip

Pvi otherwise

Final Uplift Factor of Safety:

We + W, + Soil + P
S water \Y;
FSuplift = T FSUplift = 2243

NOTE: EM 1110-2-2100 defines 1.1 Factor of Safety acceptable for extreme loading case. The gatewells have
minimal overhangs to produce weight of water above structure, W ;, therefore W ignored (conservative).

106+49 GW FutureCond (Landside).xmcd Page 48 of 53



Computed by: KSM Date: 12/13/2011 Corps of Engineers Kansas City District Gatewell Analysis
Checked by: XXXDate:

NOTE:
Base Slab 1. The following calculation assumes two opposite edges fixed and the other opposite edges simply
Analysis supported. This occurs when a large pipe takes up most of the wall so that wall should be simply

supported. Coef came from "Theory of Plates and Shells" second edition, by Timoshenko. This is
conservative for gatewells without large pipe openings. So if FS is critical than may want to reanalize
using the table of coeff for all sides fixed from "EM 27 - Moments and Reactions for Rect. Plates".

2. Only the end-of-span moment is checked, but in cases where the base slab top and bottom reinf
is not the same, it may be necessary to check the mid-span.

Slab Loading:
Weight of structure: Wg = 459.075-kip  Uplift: U =378.344-kip  Skin Friction: P, ; = 389.459-kip

Load acting up on baseslab:

. . YL YH X W
W= if(U>Wg, U+ Pyp,Wg) = 459.075-kip Wiy 1FORM = L 3.21-ksf
END-OF-SPAN MOMENT IS CHECKED HERE: Kie 1.5
Plate Coefficient and Demand Moment: e
abk = Coeffk =
| . .
alb=L,/L, I_2 —08 From plates tables: a/_f Coeofggl;ant 05 1101
1 9091 0787 625 | |.109
769 0938 769 | 10938
625 109 0.9091 | [0787
0 .05 0 5 1191 1 .0697
05 ‘ ‘ n . 12
' ’ .05 Coefficient := linterp| ab, Coeff ,— | = 0.09
Aglp = 03L-in 1
|
0 05 0— l,=8ft b=1ft
. . 2 .
MUFe = COEﬁlClent'WUNlFORM'lz -b MUFe = 18586k|pﬂ
Moment Capacity:
Aqlp'F in?
a=——3 _49lL g _ 1708t
e O.85f'C-b ft
a Kip-ft
(")Mnl:e = q)BASIbe(df — Ej d)MnFe =21 f[—ﬁ:
Factor of Safet FS = OMnFe FS =1.129
y slabmomente -~ e slabmomente = ~
uFe
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Base Slab Analysis, con't

MID-SPAN MOMENT (My) IS CHECKED HERE:
Plate Coefficient and Demand Moment:

P From plates tables:

a/b
alb=L,/L,; o 0.8 1
1 9091
.769
.625
0 .05 0 5
.05 05
Asib
|
0 .05 0—
.. 2
MUle = COfolClentWUNlFORMlz -b
.2 .
Aslb = 0.44in Cat = 3.0625in
6= D = Cef

Moment Capacity:

-F .2
oo Sy o in
M 0.85F b

a
OMpEmy = ¢B'Aslb'Fy'(df - Ej

df = 1.745ft

Factor of Safety FSqlabmomentm1 =

M
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‘anle

uFml

Corps of Engineers Kansas City District

Gatewell Analysis

k:=1.5
ab, = Coeff, =
cosfteent 05 | [0.0474
0.0371 625 | [0.0469
0.0426 769 | [0.0426
0.0469 0.9091 | (0.0371
0.0474 1 0.0332
2
Coefficient = linterp| ab, Coeff ,— | = 0.041
b
l,=8ft b=1ft

OM, £ = 303 ﬂ-%

FS

slabmomentm1 =~

3.562
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Base Slab Analysis, con't
MID-SPAN MOMENT (Mx) IS CHECKED HERE:

Gatewell Analysis

Plate Coefficient and Demand Moment: ki=1.5
ab = Coeff, =
k k
| ) .
alb=L./L 2 _ 08 From plates tables: a/b  Coefficient 05 0.0869
oy 1 0.0244 625 | [0.065
.9091 0.0307 - -
769 0.0446 769 | [0.0446
625 0.065 0.9091 | (0.0307
0 .05 0
5 0.0869 1 0.0244
05 - . I
' .05 Coefficient := linterp| ab, Coeff ,— | = 0.042
A 1
slb
I
0 05 0— l,=8ft b=1ft
.. 2 .
MUFm2 = COfolClentWUNlFORMlz -b MUFm2 = 8532k|pﬂ
.2 .
Aslb = 1.06in Cat = 2.375in
6= D = Cef

Moment Capacity:

-F .2
o Dty i

- ds = 1.802 1t
M 0.85f b
a Kip-ft
GMnFm2 = ¢B'Aslb'Fy'(df - Ej GMpEmp = 741t
dMpEm2
Factor of Safety  FSgjapmomentm2 = Mo FSslabmomentm2 = 8:669
uFm2
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Base Slab Analysis, con't

Note that there is a concentration of reinforcing in one direction in the base slab. Assume that the base slab acts
as a plate until reinforcing in the weak direction begins to yield and then the moments will redistribute to
reinforcing in the other direction (a plastic hinge will form in the base slab at the wall). When this happens the
base slab should be analyzed as if it were bending as if it were a simple span:

L ;= 10ft b=1ft
MW

2
_ WuNiForM'L b

Mg = - 40120 1t K2
8 ft
Aglp,= 1.06in° Copi= 2375
= 1.06in := 2.375in
de .= Df — C
v f cf
Moment Capacity:
-F .2
g STy i de = 1802 ft
M 0.85f b ft
a kip-ft
dMpEm3
Factor of Safety FS -
slabmomentm3 Mg FSglabmomentm3 = 1.843
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*******************************OV er al | Fac t ors o f S af etv*****************************

Uplift Stability

Strength i ap Ly = 13ft

Wwall AB L, = 11ft
WALL MOMENT

The overall wall moment factor of safety, FS

wallmoment
FS ADmoment = 2-624 FS ABmoment = 3319 FSopening_mom = 1.246
FSwallmoment == Min(FS Abmoment: FS ABmorment: FSopening_mom) |stallmoment =125
WALL SHEAR
FS ADshear = 1528 FS ABshear = 2103 FSopening_shear = 1.752
FSwallshear = min(FSADshear’FSABshear’':Sopening_shear) |stallshear = 1528 |

BASE SLAB MOMENT FACTOR OF SAFETY

|Fsslabmoment = 1843 |

Summary :
FSstrength = min(':Swallmoment’':Swallshear’Fsslabmoment) |Fsstrength =12 |
Mechanism := | "Wall Bending” if FStrength = FSwallmoment [Mechanism = "Wall Bending" |

"Wall Shear" if FS

=FS
strength wallshear FSUpIift —5
"Base Slab Moment" otherwise

It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be acceptable when
using unfactored loads and unreduced strengths for analysis. The reasoning being the load factor (live load
neglecting hydraulic structure) divided by the strength reduction factor is approximately 1.75. Because this
is an existing structure in the field that is routinely inspected with no visible history of problems, a factor of
safety of 1.5 is deemed acceptable. If modifications are required for strength, the modified structure must
be evaluated from a standard design approach (include factors - no FS calculation)

END OF ANALYSIS
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General Structural Exhibit 4:
Stoplog Gap Sample Calculations

This exhibit includes calculations specific to stoplog gaps. The check of the
general floodwall section that is part of the gap is similar to that found in the exhibits for
floodwalls calculations. See those exhibits for sample calculations.
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US ARMY CORPS OF ENGINEERS

KANSAS CITY DISTRICT 2%3 _7

My ' Comp by:FRS
Probability of Failure Chkd by o 1
US Army Corps CID MO Monolith 145 NOV ]
of Englneers. Torsion in Pile Cap /

I. Objective

The computations below show the process used to calculate the Reliability and the
Probability of Failure.

II. References

1. Reliability-Based Design in Civil Engineering by Milton E. Harr, Dover Publications Inc. 1996
2. FEMA 310, Section 4.2.4.4, states, the mean strength (or expected strength) for Risk and
Uncertainty calculations shall be taken as 125% of the design strength

II1. Sltut:a:tumM s

1. CID MO sill does not meet the strength 1.5 factor of safety for which it has been

determined 99.8% reliability can be assigned. See mathcad analysis of the wall for
existing condition strength check.

2. FEMA 310, Section 4.2.4 4, states, the mean strength (or expected strength) for Risk

and Uncertainty calculations shall be taken as 125% of the design strength.
3. Material Properties used:

Mean Concrete Strength, f ,/:= 3750-psi
Mean Steel Strength, FyM = 50-ksi

4. From Reliability Based Design in Civil Engineering by Milton E. Harr, pg 31, the
coefficient of variation for Reinforced Concrete Grade 40 is 14%.

IV, Variable Definitions

FSp = Factor of Safety under mean material parameters

FSgy, = Factor of Safety due to the upper bound value of the Steel Yield Strength

FSg, = Factor of Safety due to the lower bound value of the Steel Yield Strength

FSg,, = Factor of Safety due to the upper bound value of the Concrete Compresive Strength

FSg; = Factor of Safety due to the lower bound value of the Concrete Compresive Strength
AFy;y = Difference in Factors of Safety due to the change in Steel Yield Strength
AFg = Difference in Factors of Safety due to the change in Concrete Compresive Strength
o = Standard Deviation of the Factor of Safety
Vg = Coefficient of Variation of the Factor of Safety
Bn = Lognormal Reliability Index
R = Reliability
Pp = Probability that the factor of safety is less than 1.0 ( Probability of Failure)
Probablity of Failure Sheet 1 of 5 8/31/2011
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2 _7 KANSAS CITY DISTRICT

V. Caclulating Factors of Safety

Condition under consideration from strength check: Tu for Pile Cap

(from hand-computation analysis - Water to TOW). Ty = 187kip-f
Design Concrete Strength

og = 1.0 Strength Reduction Factors not used in Risk and Uncertainty Analysis

Weap = 3R \igth of Pile Cap

T,

toe = 2.0ft

Thickness of concrete section

b:= 12% 1 ft strip of wall analyzed

= 3744 x 10°-in?

Acp = Tioe Weap
Pop = 2:(Type + Weap) = 360-in
Mean Concrete Strength
2
Acp o .
Tiv = © -;f‘ -psi-| —— OTng = 198.703-kip-fit
OTiM = ®p+yfemP B M hE
OTIM
FSp = T FSD = 1.063
u
Upper Concrete Strength

For reinforced concrete structures a 14% standard deviation based on engineering
judgment and information published in Reliability Based Design in Civil Engineering
by Milton E. Harr.

fou=fom+ fom014 £y =4275psi

2
oTy = O ,f‘cU-pSI- o1y = 212.16-kip-fi
i
o1
Ffe'=— - B
Tu -~ Pfeu e
Probablity of Failure Sheet 2 of 5 8/31/2011
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KANSAS CITY DISTRICT 2 A4 /4 37

Lower Concrete Strength

for=fom— fopmr0-14 for, = 3225-psi

A
T = bp:y[fer Psi

S 8T

cp

VI. Probability of Failure Calculation

AFg, = FSg, — FSgy AFg, =0.149
AFg )
OF = > op =0.075
F
Vpi= —
B Vg =0.07
FSp
Inf ———
’1 + VF2
5 B =0.831 Taylor Series method. See ETL
2 1110-2-547, pg B-8
In{ 1+ Vg ' :
R,= cnorm(By \) R=79.7%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

PF =1-R PF =20.3-%

Probablity of Failure Sheet 3 of 5 8/31/2011
POF Analysis M145 Torsion.xmcd




US ARMY CORPS OF ENGINEERS

2 % 37 KANSAS CITY DISTRICT

Condition under consideration from strength check: Tu for Pile Cap
(from hand-computation analysis - Water 1ft below TOW).

T := 145.6kip-ft

Design Concrete Strength
$g.= 1.0 Strength Reduction Factors not used in Risk and Uncertainty Analysis

Neap= 13%  \widith of Pile Cap

Hwaei= 20/ Thickness of concrete section

b= 12% 1 ft strip of wall analyzed

3.2
‘&“Pi:: Ttoe'wcap =3.744 x 10" -in

Romi= 2:(Tioe + Weap) = 360-in

Mean Concrete Strength

A 2

-| “ep
= . f‘ " ] ————
STwa= 0B\ fompsi 5

cp

ST VM
T

ul

Upper Concrete Strength

For reinforced concrete structures a 14% standard deviation based on engineering
judgment and information published in Reliability Based Design in Civil Engineering
by Milton E. Harr.

fokii= Fom + forp014 £y = 4275-psi

2
A ;
Sss= OB[fcupst oy =212
cp '
o1y
. Th stc“ = 14
Probablity of Failure Sheet 4 of 5 8/31/2011
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Lower Concrete Strength

fok= fom— Fonp0-14  fp =3225.psi

STin= 0B\[For st a

oTL
T

Kbow=

ul

VI. Probability of Failure Calculation

ahgo;= FSfey — FSg AFg, = 0.192

AFg)?
= > of = 0.096
L
W By Vg =0.07

FSp
e
’] - VF2
A= T—— B = 4402 Taylor Series method. See ETL
Ilni £ N ) 1110-2-547, pg B-8.

&:_—, cnorm(BLN) R =100-%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

Pri=1-R Pp=537x 10" "%

Probablity of Failure Sheet 5 of 5 8/31/2011
POF Analysis M145 Torsion.xmed
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211 REVIStION

Chkd : KSM qlze/n
M145R.dat 45

CID-MO M145 GEOTECH REV STRENGTH 4ft abutment-
SEP 2011 Existing conditions h20 TOw-
GT FS 1is 1.7 and Structural FS is 1.5
LoaAD 1 0 -60.56 31.44 -170.63 0 O
PILE1 020
PILE2 060
PILE 3 -1.5 11.5 0
PILE 4 -.5 11.5 0
PILE 5 .5 11.5 0
PILE 6 1.5 11.5 0
SOIL NH 0.05 LEN 33 0 1 to 2
PROP 3122 8748 8748 324 2 0 1 to 2
DLS S 81.1 43.1 536 128 274 1802 905 H 18 1 1O 2
SOIL NH O.05 LEN15 0O 3 TO 6

PROP 3122 1000 1440 120 2 0 3 to 6

DLS S 15.2 8.26 205 56.3 72 333 195 H 10 3 TO 6
FIX 1 TO 6

PFO 1 TO 6

FOUT 1 2 3 4 5 6 7 ML45R.txt

Page 1
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M145R.TXT

Fehdhhddhdhhdhdhhhkdbhhdhdt bttt diik

* CASE PROGRAM # X0080 * CPGA - CASE PILE GROUP ANALYSIS PROGRAM
* VERSION NUMBER # 1993/03/29 * RUN DATE 06-SEP-2011 RUN TIME 13.57.54

Fhdhhhdhhhdhhddhhdhhdhdhd b it hrs

CID-MO M145 GEOTECH REV STRENGTH 4FT ABUTMENT
SEP 2011 EXISTING CONDITIONS H20 TOw
GT FS IS 1.7 AND STRUCTURAL FS IS 1.5

THERE ARE 6 PILES AND
1 LOAD CASES IN THIS RUN.
ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX

WITH DIAGONAL COORDINATES = ( -1.50 , 2.00 , .00 )
( 1.50 , 11.50 , .00 )

Ehdddhhdhhdd ki h kb kR ki kR h kAt kb bk kit hh hh ke ki kK

PILE PROPERTIES AS INPUT

E Il 12 A €33 B66
KSI IN**4 IN**4 IN*%2
-31220e+04  .87480E+04  .87480E+04  .32400E+03  .20000E+01  .00000E+00
THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -
1 2
E Il 12 A C33 B66
KSI IN*¥4 IN**4 IN*#2
-31220E+04  .10000E+04  .14400E+04 .12000E+03  .20000E+01  .00000E+00
THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -

3 4 5 6

Fhhhdhdddehdrhdhhhddh kbl hde kb kb bbbk h ki khhh kb kbt hhhhh h ki h kR

SOIL DESCRIPTIONS AS INPUT

NH ESOIL LENGTH L LU
K/IN**3 FT FT
.50000e-01 L .33000E+02 .00000E+00

THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -

1 2

NH ESOIL LENGTH L LU
K/IN**%3 FT FT
.50000E-01 L .15000E+02 .00000E+00

THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
Page 1
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Thdhhdhhdhhdhhhdhddehhhhhh Rt i b dhhthdhhdthhhhhthhhhthhhhdhhhhhhhhhhhihhhthhhhiiis

PILE GEOMETRY AS INPUT AND/OR GENERATED

NUM X Y Z BATTER  ANGLE LENGTH FIXITY
ET FT FT FT
1 .00 2.00 .00 v .00 33.00 F
2 .00 6.00 .00 \' .00 33.00 F
3 -1.50 11.50 .00 \' .00 15.00 F
4 -.50 11.50 .00 ' .00 15.00 F
5 .50 11.50 .00 v .00 15.00 F
6 1.50 11.50 .00 v .00 15.00 F
126.00

FTehfehhdhdhehhehhhhhhdhdhdhhdihhhhhhhhhh kit hhdhdihhhhththtdhhhhhhthhthdhdhthdhhhkhidthiit®

APPLIED LOADS

LOAD PX PY PZ MX MY MZ

CASE K K K FT-K FT-K FT-K
1 .0 -60.6 31.4 -170.6 .0 .0

Thdhhhhhdhhhhhhdddhhhhdhdhhhdhddeddehhhhhddehhhhhh bbbk hhhhhdhhhhhhhhhhhhhhhhix

ORIGINAL PILE GROUP STIFFNESS MATRIX

.66258E+03 .00000E+00  .00000E+00 .00000E+00  .29315E+05 -.61195E+05
-00000E+00  .61826E+03 -00000E+00 -.26988E+05 .00000E+00  .00000E+00
.00000E+00  .00000E+00  .26868E+05 .27882E+07 .00000E+00  .00000E+00
.00000E+00 -.26988E+05 .27882E+07 .34850E+09  .00000E+00  .00000E+00
-29315E+05 .00000E+00  .00000E+00 .00000E+00  .51547E+07 -.24726E+07
-.61195E+05 .00000E+00  .00000E+00 .00000E+00 -.24726E+07 .72376E+07
LOAD CASE 1. NUMBER OF FAILURES = 6. NUMBER OF PILES IN TENSION = 4.

Thhhhhhfhdhhhhhhhhhhhhhhhdhhdhhihhhhhddhhhhhhhhhdhhhrhhdhhhhdhhhhhddhhdhdhhdhhhdh®

PILE CAP DISPLACEMENTS

LOAD
CASE DX DY DZ RX RY RZ
IN IN IN RAD RAD RAD

8 & -0000E+00 -.1039e+00  .1541E-01 -.1372e-03  .0000E+00  .0000E+00

Thhhdhhhhhdhdhhdhh kit kb hh kbt hhhhhdhhhhhkhkdhhhhhhhdhdhhdhhdthhhihhhhhdhhhkids

PILE FORCES IN LOCAL GEOMETRY

M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
Page 2



M145R.TXT 469/
# INDICATES CBF BASED ON MOMENTS DUE TO 437

(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS

LOAD CASE - 1
PILE F1l F2 F3 M1l M2 M3 ALF CBF
K K K IN-K IN-K IN-K

Al .0 -16.3 61.9 807.7 .0 0 .76 1.40 .00 .00*
2 .0 -16.3 28.2 807.7 .0 0 .35 1.57 .00 .00%
3 .0 -7.0 -14.7 229.5 .0 0 1.78 3.88 .00 .00%*
4 .0 -7.0 -14.7 229.5 .0 0 1.78 3.88 .00 .00%
5 .0 -7.0 -14.7 229.5 0 01.78 3.88 .00 .00*
6 .0 -7.0 -14.7 229.5 .0 0 1.78 3.88 .00 .00*

whhkhhhfhhhhhdhhhhhhdhhhhhhhhhhhhhdhhhthhdhhhhdhhdhdhhhdhhdhhdhdhhhhhhhhhhhhihhix

PILE FORCES IN GLOBAL GEOMETRY

LOAD CASE - 1
PILE PX PY PZ MX MY MZ
K K K IN-K IN-K IN-K

1 .0 =163 61.9 807.7 .0 0
2 .0 -16.3 28.2 807.7 .0 0
3 .0 =70 -14.7 229.5 .0 0
4 .0 =Z.0 -14.7 229.5 .0 0
5 .0 -7.0 -14.7 229.5 .0 0
6 .0 -7.0 -14.7 229.5 .0 0

Page 3
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Comp by: Sheffield
Chkd by: M vllec 11/7/11

20!/ REVISION
CID-MO Floodwall
Floodwall Analysis - Existing, M145

US Army C 4 foot Stop Log Abutment Monolith
of Englneers, Kansas City Levees W’g ex éﬂ'
” & 7.0, W,

Assumptions: For Feasibility Analysis, it is assumed Variables  kip = 10001b
that the sheetpile cutoff is adequately strength designed . Ib . 10001b Ib Ib
for a 50% head differential, the pile cap under the closure  P¥'= ™ kski= 5 wki= 3 A= )
is adequately designed, and that the floodwall sections of in in ft
the monolith are accounted for by analysis of adjacent 10001b b
floodwall monoliths. Soil Surfaces assumed horizontal. se——s— Iy ip g ion

f ft

ELStem = 759.9:&

Wstem1 = 1oy

<7 ELater = 759.9t
Propertiés: =
ELSOil_RS = 748.%
' ‘ EL_:1 1= 748.9%
Hstem = ELgtem ~ ELs,oil_LS potl L3
[
Hwater = ELwater = ELsoil RS Hgem = 111t
I . .
Pile Spacing
Hyyater = 1118
S= 4t
Ngows=# of rows in monolith
(used for CPGA total loads)
NRows =1
T 77ATIAT7A  PROZ7A I
Hgoil1 = ELgoil RS~ ELtop fig
Hgoi = 21t Hgoil2 = ELgoil 1S~ ELtgp fig
Hgoiip = 21t
1 7T
Hprgy = 3ft u U u
Pile4 := Oft

s Pile3 := 2ft

Pile5 := Oft
= | Pile2 := 6ft

L Pilel := 11.5ft

Note: Cutoff L 7
wall is centered 4° k__J
in Wco. WHeel = 7-833ft Woiemn = 1678 W, = 3.50
Note: At-rest used for both
Concrete Properties ~_:= 150pef ~ Soil Properties  ~,, := 115pcf ¢ := 22deg ‘éf;‘;'é'iﬁi?&daﬁ Itsotlrgqtﬁ:e piles
Water Weight  ~_ := 62.4pcf Ky=1-sin(¢) K, =063 to fully resist stability.

M145 EXISTING Pile Cap Capacity Page 1 of 19
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Lengths:
Lco = HrrG1 — Hrraz Lw1 = Hwater + Hsoil1 + HF1G1 Lst™ = Hgtem * Hsoil2
LrrG ™= Wheel * Wstem2 + Wroe  Lpui = Hsoii2 * Hrra2 Lppg = 131
o -
Forces: = Fwater Ly = 164t
Lpy; =41t
l FStem
1 Positive Sign
P Fsoilz Convention
W1
— P A S0l 7 bRsomR
s1 F
y l FiG 1 Ps2 Pw2
-—| \ —
/ Ioo |
P, P,

P, P,  Note: For Feasibility, only long-term case of
resisting H20 EL (top of soil) is considered
(worst case for rotation and pile pull-out).
Short-term case of little or no resisting H20 on
pile cap is ignored, though this is the worst
case for shear and sliding.

Equivalent Point Load acting on

W + W A
Stem1 Stem?2 kipabutment from Stop Logs per
FStem = Lem e = 2603.25-plf Fetosure = 8-26—=tributary width of pile cap.
2 fi ry
FFTG = HFTGZ‘ LFTG'TC = 3900.9p]f FC|05LII’E =1/2*.0624*1 12*175-’2*(1!‘4ﬁ)
Feco = LeoWeo e = 450-pif  (Treated Rectangular)
Fsoit1 = Hsoil1 Whcel (Ysat = Tw) = 824.03-pif Fsoil2 = Hsoil2' Wroe'(Ysat = Yw) = 368:2-pIf
Fwater1 = (Hwater + Hsoil1) WHeel Yy = 6354.13-pIf Fwater2 = Hsoil2' WToe Yw = 436.8-pIf
1 2 1 2
Pw1:==-Lwi "y = 7987.2:plf Pyog = - E-(LPU,) Ay | = —499.2-pif

q cO :={] _0'5)1 HW t +HS il +HFTGZ _LPUI +LPU]‘T ;= 592.8'p5f
Cutoff wall assumed to be ! o (Hwaer + Hsoi ) ] w
50% effective. See Figure q =1 = 0.5)(Lys1 = Log i )] + Loy 11-Ve, = 624-psf
w1~ Rpul)Tw| T Epul Y p
C-3 of EM 1110-2-2100 umax = ( )] w
) Lpui p
Qutoe = Lpyu1 tw* L SWo L {Jumax ~ LPUI"TW) = 346.2:psf
Note: Soil below base of pile cap acting FTG CO™ “pUI

: - ; 1
on key is essentially equal and opposite Pyiob = _|:_'(un o+ qumax)'LCO} = —608.4-plf
since all resistance is by piles. 2

1
Pgp = Ko'[;'(HSoin + HFTGz)Z'('Tsat - 'Tw)} =263.17-plf Pgy:= _KO'B'(HSoilz + HFTGZ)z'('Tsat_ ww)} =-263.17-plf

Pyt = ~(LprG = SWeo) (dutoe) = ~3982:35-pIf Pz i= ~0.5(Lprg — -5 Weo) (dumax ~ Gutoe) = ~1597-76-pIf
Py3 = =5Weo (Lwi ) = ~1497.6-pif

M145 EXISTING Pile Cap Capacity Page 2 of 19



Inputs for CPGA

Sum moments around bottom corner of Toe:

Moment Arm (from bottom corner of Toe)

W
Stem2
Amgo = (WToe + —J =4341t
L
FTG
ArmFTG = T =651t
W

co
AITIICO = LFTG-—Z— =11.51
Arm =7.67-fi

closure -

Armgoiy = (WToe + Wtem2 * O‘SWHeeI) =9.09%

A]'n'lsoilz = OSWTOC = ].75 ft

AmMyyater] = Armg iy = 9.09 ft
AMyyater = AMgain = 1.75ft

1
Armw1 = g‘]_.w-l = LCO = 4.33 ﬁ

Ay, = 0.333(Lpy ) = 133

L -(2q +q ax)
CcO uCO ™ Jum
Al'ﬂ]wzh = LCO = =0.5#

3(unO ¥ qumax)

1
Armg = ;'(Hsmll +Hppgy) = 1331

Armg, = Army, = 1.33ft

L, - 0.5W
Ammyjq = _FIG_ ™ "CO _ 575 ¢
2

2(LFTG » O.SWCO)
A]TnUZ = = ?.67&
3

A]-Inu3 = LFTG = 0.25‘ WCO = ]2.25 ft

EM:= (Mgiem + MprG + Mco * Mjosure * Msoil1 + Msoil2 + Mwaterl ¥ Mwater2 * Mw1+ Mw2a 1
+Myyp + Mgy + Mg + My + My + M3

LVertical := [FStem +FprGg+ Feo + Fsoitl + Fsoil2 * Fwater1 + Fwater2

47

Assumes perfectly rigid pile cap.

Positive Sign
Convention

Moment (about bottom corner of toe)

kip-ft
Mgtem = ~Fstem AMMgiem = —1 1.29-—ﬁ
kip-ft
Mp1G = ~Frra AMmprg = ~2336——
kip-ft
MCO = —Fco'Al'mCO = —S_IST
kip-ft
Mclosure = Felosure A™closure = 63'35'—5—'
kip-fi
Msoitt = “Fsoil1 Aoty = ~749——
kip- ft
Msoila = ~Fsoii2 Armg,ipp = ~0.64-——
) kip-ft
Mwater1 = ~Fwater1" AMwater = —57.74--—ﬁ—
kip-fi
MWaterQ = _FWaterz’-’ U"lwaterz = ——0.76._ﬁ
kip-ft
kip-ft
Mypa = Byga Atiiyypy = =0.06— —
kip-ft
My = ~Pyap Ay = 031-——
kip-ft
kip-ft
MSZ = PszAlTﬂsz = —O'SST
kip-ft
MUI = —PUIAI'ITIUI = 22.9-T
kip-ft
My = ~Pyg-Amyyy = 12.25—

kip-ft
Mu3 = —Pu3AI'mu3 = IS.BS'T

} M = 42.66-%

.
SVertical = ?.86--—3?-

¥ Horizontal := (FCIOSDI'E =+ pw] + sza =+ szb + PS] + PSZ) et ]5.]4.&
ft
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Find Pile Loads Using CPGA: 545%; -]

Number := if(Pile5 = 0,4, 5)
Number.:= if(Pile4 = 0,3, Number)

Rurber.:= if(P?M =9,2,Number) Total number of piles:
Number,:= if(Pile2 = 0, 1, Number)
WE\: if(Pilel = 0,0, Number) Number = 3

Concrete Pile Properties pT
Dimension of square pile D = 18in
Assume all piles to pile cap connections are fixed (details show rebar and pile extending
into base).

Pile Properties:

fc := 3000-psi Eq:= 57000-\} fc- psi
D" .

C33=2.0 for full skin friction Area = D2
B66 = 0 torsional stiffness
Length = 34ft

Allowable Design Load Strengths from Geotechs (FS = 1.7 for extreme):
AC = Allowable Pile Compression Load, = 137,963/1.7 = 81.1 k
AT = Allowable Pile Tension Load, = 73,264/1.7 '= 43.1 k

The following allowable design strengths are from the existing pile capacity MathCAD
file (FS = 1.5): |
PO = Axial Compression Design Load Strength, 536 k (P, in Mathcad)

PT = Axial Tension Design Load Strength, Fy*As= 128 k
PB = Axial Design Load Strength at Balanced Condition, 274 k (P,,5 in Mathcad)

MB = Design Moment Strength at Balanced Condition, 1802 k-in (M,,5 in Mathcad)
MO = Design Moment Strength Under Pure Flexure, 905 k-in (M7 in Mathcad)

Sail:
NH
Soil Modulus, 0.05 k/in3 (per Geotech)
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51 /437

Concrete Sheet Pile Properties : .
Dimension of rectangular pile Dgp := 10in Wg,, = 12in
Pile Spacing, S=1ft
Assume all sheet pile to pile cap connections are fixed (details show rebar extending
into base).

Pile Properties:

= 3000-psi 3
kWS -D ) ; D _-W 3
i p " sp L o _SP sP
1sp = 12 v 12
C33=2.0 for full skin friction
ESSgth(L t;:)gsf;onal stiffness Ego= 57000 \!fc—w m Dy W
- 12{) m
Allowable Design Load Strengths from Geotechs (FS = 1.7 for extreme): Assumes two 2.5ft wide
AC = Allowable Pile Compression Load, = 5'/4*20,730klIf/1.7 = 15.2 k sheetpiles engaged;
AT = Allowable Pile Tension Load, = 574'%11.231klf/1.7 = 8.26 k strength is equally divided

four 1' wide piles.
The following allowable design strengths are from the existing pile capacity Math(r:?ABg P

file (FS = 1.5):
PO = Axial Compression Design Load Strength, 205 k (P,,o in Mathcad)

PT = Axial Tension Design Load Strength, Fy*As= 56.3 k
PB = Axial Design Load Strength at Balanced Condition, 72 k (P in Mathcad)

MB = Design Moment Strength at Balanced Condition, 333 k-in (M,,5 in Mathcad)
MO = Design Moment Strength Under Pure Flexure, 195 k-in (M,,7 in Mathcad)

Saoil:
NH
Soil Modulus, 0.05 k/in3 (per Geotech)
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57/

EMp = EM:8:Npows EMq = 170.63 ft-kip

EVerticalp = EVeﬂica]»S‘NRGWS
Positive Sign TVerticaly = 31.44-kip
SHorizontaly := ZHorizontal-S-Np .o Convention

X Horizontal = 60.56-kip

] CPGA LOADING FOR WATER AT TOP OF WALL
Applied Loads - Signs added to agree with CPGA
-Z ) sign convention.
PY := —XHorizontal
PZ := LVerticalp PY = -60.56-kip
MX = =My PZ = 31.44-kip
Y MX = -170.63-ft-kip
CPGA Coordinate
System

Loads input into CPGA filename: M145R.dat

M145 EXISTING Pile Cap Capacity
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53 /457

Pile Loading (CPGA OUTPUT)

~14.7kip

; . . : kip-in
PileLoadl := —ﬂ-—--S PileLoadl = —58.8-kip PileM1 = 229.5 :

S PileM1 = 918-kip-in

PileLoad 1 and Msht, These numbers are the output from CPGA for sheet piling (continuous)
multiplied by the bearing pile spacing to get loading comparable to sheet piles for pile cap calcs

PileLoad2 := 28.2kip PileM2 := 807.7kip-in
PileLoad3 := 61.9kip PileM3 := 807.7kip-in
PileLoad4 := Okip PileM4 := Okip-in
PileLoad5 := Okip PileM5 := Okip-in

Check Vertical Loading

PileLoadl + PileLoad2 + PileLoad3 + PileLoad4 + PileLoad5 ki
SVertical - — - 0.03-?"

S

Checks if vertical loading calculated above and input into CPGA
matches the vertical load output from CPGA. Checks if the
equation above is approx. = 0.

Input Maximum Horizontal Pile Reaction: Pilegyormay = 16-3-kip

Sheetpile Horizontal Reaction: Shtgormax = 7-Kip
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A
> / A 7J/]Lmical Properties

F., := 40ksi
Yy
Wstem1 = 1 ft

— £ = 3ksi

£ N7

in
=0.2—
ASteng P

Hyyater = 1111 dSteng = 0.5in

Note: Abutment strength
is checked in another file.
A per foot analysis (as
performed here) was not

2NO7@ 24"and in in appropriate.
2 NO 6 @ 24|| ASteml = 1.04? Aslemz = 0.2?
dS{CITl] = .875in CCSSemI = 2in CCStcmZ = 2in dStEII].Z = 0.5in
T ATATZ7A | PrAT7Z&< T
; Hgoiip = 21t
i = n B n
Heoit1 =28 peeqy = lin  Appegy = 13— Moet = L13— in
4 1II Sq e No 7 C = 2 5- C 5 2 5‘ AFTLgl = .35‘?
CHeell = 2ol | | “CTeel #2220 :
* | HFTGZ =2f dFTLgl :=.625in
b 2 s
5 NO 5 Between Piles : in _ in i
[ Atteeiz = 026— AToey = 0.26— £ e
dHeelZ = 0.625in : : £ fi
CCHCC‘Z = 3.5in CCTOBZ = 3.5in ;
* f 4/ dFTng = 0.5in
WHeei = 7.83 ﬂ Wslemz = 167 ﬁ. WTOE = 35 ﬂ

Assumptions:

1. Pile cap is assumed rigid; load is distributed uniformly. Since abutment is checked in seperate file, the stem
check in this file is for wall portion of stoplog gap closure only.

2. Equations in this file are established for a horizontal footer with uniform thickness.
3. Resisting Side water EL is the EL of the top of resisting grade.

4. Rebar Cutoff lengths assumed sufficient for feasibility study.
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Load & Resistance Factor Design

55/437
Strength Reduction Factors

Shear Strength oy =1 op:=10 Tensile Strength
FiexiialStrengt Lt Note: Strength reduction and load factors not
Load Factors used in analysis of existing conditions.
Dead and Live Load Factor L= |
Hydraulic Load Factor ~ YH =10

Extreme Case Factor Tx =10

Assumptions for Analysis

It has been assumed that in general the maximum transverse bending moment from loading
will occur at or near the connection of the pile cap and stem. As a result section cuts at the
intersection of the pile cap and stem wall have been made to evaluate the floodwalls flexural

capacity
(W Cy

|
oy Ly
S~ \N\I

K i
N

Typical Shear and Moment Diagrams

Stem

Heel Toe

: |
\_/U PRV

Section Cuts
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A /;;"J/I - HEEL Strength Check:
Fpije1 = if{Lppg = Pilel < Wiyge, PileLoadl, 0kip)  Lpjje; := if{ Lppg — Pilel < Wygeey, Lpyg — Pilel, Oft)
Fpile2 = if{LprG — Pile2 < Wiygey, PileLoad2, 0kip)  Lpjje) = if{ Lppg = Pile2 < Wygee), Lppg — Pile2, 0ft)
Fpile3 = if(Lpr ~ Piled < Wyygq, PileLoad3, 0kip) ~ Lpyes := if(Lppg - Pile < Wygeep, L — Pile3, 0)
Mpjje1 = if(Fpijer = 0,0, PileM1)  Mpjes = if{ Fpjjep = 0,0, PileM2) Mp;je3 = if( Fpjje3 = 0,0, PileM3)

Water l ‘ l Wy = 'Tw'(HWater+ HSoi]l)'WHeel
1b
W, = 6354—
2 ft
Soll l l Wt = (Vsat = Tw) Hsoil1' WHeel
i

Ib
W = 824.03—

©

1
A1 = HprG2 ~ CeHeell = 9FTLE1 =7 IHeell

Slab

T T o
My | = 765kipk | | | ] |
Pilel P : . digy = Hppren = C —d i
Mpijer = 67.31-kip- Mpie3 = 0-kip- ft H2 FTG2 ™~ “~CHeel2 ~ “FTLg2 2 Heel2

Pile(s) |
A_J @_J/‘ Pile Spacing (0.C.)

S=4ft
Lpjler = 1.51t

Lpjle2 = 71t

Lpjle3 = 0ft _ . b
FPIIC] = _Sssk]p FPlle2 i 28-2'k]p FP1133 = Oklp

Note: Assumes
Sheet Pile reduces
uplift press. by half.

Uplift
I::'IU1
. 4 . (qumax - qutoe)(wToc + WStcmZ)
PUI = qumax =62 ‘Psf PU2 = (LFTG_ SWCO) + qume = 471.06P5f
’ (qumax = qutoc)(LFTG = LPilv:Z)
P U2p = + Quige = 491.1-psf
(Lerg = SWco)
1
Py = E(P Ut~ Pu2) (Wheel — 0-5Wco) = 484.29-pif Pra = Py (Weel ~ -5 Weo) = 2983.2-plf

Pyip = %(P‘U] . P‘Uzp)-(LPHt2 - O.SWCO) = 365.67-pIf

Pyy3 = —Py3 = 1497.6-plf

Pap = Puz(Lpile2 = -SWco) = 2592.23-pif
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57

- HEEL Strength Check (cont'd):

Loading: Foo = 450-pif
Slab Weight Wy = (chcl'HFTGz)"\'c
Bending
_ FPilel'(WHeel = Lpite1) * Fpite'(WHeel - Lpite2) * Fpite3'(WHeel ~ Lpile3) 2o Weel - SWco)
My =Yg Ix = - +Pyy 3
(Wheel = 5Wco) WHeel
+Pyy 5 + PH3-(WHee1 - -25Wc0) = (wH + Wy, + wsH)- T
Mp:ia1 + Mpijan + Mp:
Pilel Pile2 Pile3
+ _FCO(WHGB] - 'SWCO] + S
kip- ft . kip-ft
My = ~69.32—— My = [My| My = 69.32——
Positive Sign G
Convention Shear
Fpije1 + Fpile2 Shear at Stem
VHa = 'TL'TH"fx‘ (FCO + WH + WW+ WSH) e e——— £ PH2 e PH3 = le = 12662.96‘plf )
S Shear at Pile 2
1o Fo.
Pile2 Pilel Ib
Vi = "'L'*H‘“X'HFCO (Wi + W+ Wepg)- o J -—— ~Puip~PHzp- PH3] = 19212.95—
ce
_ _ .. kip
Vg =may(Vig,, Vigp) Vg = |Vi| =1921—
Cc ity: §
apacity Flexural Capacity
Top Steel: As1 = Ateell Bottom Steel: As2 = AHeel2
in in
b:=12— =12—
fi "k* f
A_F -F
1 ;
al :=L al = 1.5-in :=M a2 = 0.34-in
0.85fc-b 0.85f‘c-b
. al _ i a?
My = dg Agp-Fyr| dy y My = ¢p Ay Fy| dpp — =
o . e
My, = 95 59 1D T
ft
My 1= ir(MH > 0,¢MH2,¢MH1) kipf
oMy = 75.22——
ft
Shear Capacity
OV = by 2-b-dyyy- [ opsi OV 1= by 2-b-dyyy- [T psi
. B b
OV, = 26784— OV, = 25880 —
i "
= if( My > 0,6Ver, q’vcl) OV = 26.78 X2
ft
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,3/" - HEEL Strength Check (cont'd):
k

6‘% Factors of Safety kip-fi
S

kip-fi Myn
Mygy = 69.32——

Checkl := if{ &My > 1.5M g, "OKAY" , "NO GOOD")

kip
Shear L 26‘78'? oVy
F82 = v
kip uH
VuH = 19.21-?

Check2a = if ¢V > 1.5V, "OKAY", "NO GOOD" )

Controlling Factor of Safety

FSH = min(FSl,FSZ) FSH =1.09

Controlling Mechanism

Commenty; := if(FS] > FSz, "Shear in Heel" ,if(MH > 0, "Flexural Bottom Steel in Heel" , "Flexural Top Steel in Heel")]

Commentyy = "Flexural Top Steel in Heel"

Check Longitudinal Flexure Across Piles:
Note: For Feasibility and due to rigid body assumptions, an average of the total load is used to span a middle
pile, minus P ;and Foq. Calculations at present assume no My Reaction at pile.
Length of span (pile spacing): S=4ft
Number of piles: Number = 3

L
Tributary Pile Width: W, ==— > = 4331
Number
Uniform Load:
¥ Vertical — (Pyq + F,
u3™Cco
wi= ( ] Wb = 2969.07-plf
L
FTG
- 0.106-w-S° = 5.04-ki - 2 37k
Mwneg =LY ¥x0-106-w- 8™ = 5.04-kip-fi waos =YYy ¥y 0.078w-8” = 3.71-kip-fi
: 1
rogy, = 0.0371 T0€ . = E-roeb =0.02 roein == 0.0050
A A
FTLgl FTL.
r0€n g = s 9% 0.0014 1080 = g2 = 0.0007
b-dgy b-dypp
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B2/ s
Check Steel Ratios (0 is a false Statement, 1 is a true Statement): / “E) 7

o€ eo > 10 iy = 0 Not Good; a 3/4 Flexure ro€pog > 10€n;, = 0 Not Good; a 3/4 Flexure
Reduction is incurred. Reduction is incurred.
T0€nep S T0€,y = 1 OK 10€05 < 1060 = 1 OK
A -F A -F
FTLgl Ty ) FTLg2 "y .
1= ———= = (0.46-in = —=0.22:in
neg 0.85-f b s 0.85-f b

3 neg _ 3 3pos .t

Factor of Safety:

¢Myne s
- g -3
FSzp=— FSy), =
wneg
Check2b := if{ GMypeq > 1.5M e, "OKAY" ,"NO GOOD")
oMy
) pos s
T — FS,. = 2.25
wpos
Check2c := if{ @My 00 > 1.5M 0, "OKAY", "NO GOOD" )

FSyp := min(FSyp, FS,

Shear is sufficient by inspection since it is adequate, from concrete capacity only, in the primary loading direction.
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)
uq) ,4(*’)/! STEM Strength Check
For stoplog gap sections other Water
than abutment. Abutment was
checked in another file.

ds1 = Wstem2 = Ccstem1 ~ IstemLg ~ 0-39stem]
ds2 = Wstem2 =~ Cestem2 ~ stemLg ~ 0-3dStem?2

Soil Water
Pys1 = (HWater+ HSoill)"Yw
1b
ft
- P_.:=Hg_: K"Y = P ‘=Ho.: Sa'l
Pyy'= Ko'(HSOill)'(-‘sat_FTw) ss Soil2 0( sat “) ws2 Soil2” Tw
b Ib
P = 65.79— Py = 65.79— Pysp = 1248—
2 fi fi
fi
Loading: Bending
Pyst'(Hwater * Hsoit1) Hwater* Hsoitl  Psst(Hsoit1) Hsoill  (Pss+ Pws2) (Hsoil2) Hsoil2
Mg =L WX * -
2 3 2 3 2 3
kip- ft =
MS - 23.% MuS * |MS|
e Mys
Positive Sign
Convention Shear

Hyater + Hsoil1 ) N PssiHsoinn (Pss + Pws2) (Hsoir2)
2 2 2

) Pust’ (

VS=5.]5'%}) Vys = |V Y iaip

W + W
Steml Stem2
A= [ ]

1 1
5 10.0028 = 0.273-1112 Per face.
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- STEM Strength Check (Cont'd) é/
Capacity:
Aein= Astem]
in
= 12—
'9" ft
Hify
0 851" b

1
$Mg := o Aery‘[dSI - a?)

Flexural Capacity

al = 1.36-in

Shear Capacity
w:=1.0 For Concrete placed against roughened concrete.

b z i
Vg = by Agrem Fy i = 8000E Does not rely on any flexural reinforcing.

OVg, i= by (2 b-dgy-fTo pm) 22481. 82—
Ib Ib
®Vg := min(6Vg, dVgp) = 8000— $Vs = 8000—
Temperature and Shrinkage

I .2 1.2 ASte:ng
ASteng = O.ZE-m A= 0.27E‘m F83, 1= ——

3

Temperature and Shrinkage is not a failure mechanism for Risk and Reliability; however,
it is an indication of structural condition.

Factors of Safety
Bendin kip- ft
T Mg =693 0T oM
ft FSSb =
kip-fi Mys

Mg = 22.77——
ft
Check3b = 1f(¢MS > 1.5M,g, "OKAY" ,"NO GOOD")

Shear kip
oVg =8 — oVg
ft FSy =

. v
Vg = 5.15— as
fi

FS;=155
Checkd := if(6Vg > 1.5V,5, "OKAY" ,"NO GOOD" )

Controlling Factor of Safety

FSq := mm(FS3h, FS4) FSg = 1.5
Controlling Mechanism
Commcnts = if(FS3b > F8y, "Shear in Stem" ,if(MS > 0, "Stem Flexural Riverside Steel" , "Stem Flexural Landside Steel"))

Commentg = "Shear in Stem"

Note: No Cut-off bar checks were made for Feasibility Study.
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- TOE Strength Check

e2 /257

Fitazy= if(Pile2 < W, PileLoad2, 0kip) Fpiay= if{Pile3 < Wy, PileLoad3, kit Fpyjoy i= if{Piled < W, , PileLoad4, Okip)

ABiadn
Kiiea,= if(Pile2 < Wy, Pile2, 0f)

1.4 ;= if| Pile3 < W, Pile3, 0ft
Toe

Lpijeq := if{Pile4 < Wy, Piled, O)

Mpitea,= if(Pile2 < Wro + 6in, PileM2, 0kip) Mpiyaz,= if(Fpije3 = 0,0, PileM3) - Mpjjeq = if{ Fpijeq = 0,0, PileMd)

Soil - W = Year Hgnitn |- W Ib
1 l ! swT ( sat 80112) Toe Wt = 805E
&
dry = Hprg2 = Cetoel ~ dFTLG1 ~ 0-99Heel
Slab dr2 = Hpr2 = CeToe2 ~ 9FTLE2 ~ 0-59Heel2
[ |
.~ = 0-kip- Pile Spacing (O.C.
Mpiig = 0 kip:f Mpije3 = 67.31-Kip Mp;je = 0-kip-f RAGNg0:C
| S=4ft
Pile3 = Pile4 =
‘J Lp: 21 L 0
Pile(s)
Lpjlez = 0t
Fpilez = 0-kip  Fpjje3 = 6190010 Note: Assumes
§ Sheet Piling reduces
uplift pressures by
half.
Uplift Quioe = 346.2:psf

( Gumax ~ qutoc) (WTOC)

PH4 *= Qutoe' Woe = 121 ]’7E

1

Ib
Py s i= + = 430.73-psf Pos oo i P Wee = 147.92—
U Qutoe P BN U3 ~ Yutoe Toe
(Lrrg = 0-5Wco) 2 ( ) fi
Loading:
. Ib
Slab Weight Wy = (WTue-HFTGZ)qC W = 10505
File Centroid Lpite2 Fpite2 * Lpite3 Fpile3 + Lpiles Fpiles
Lpiler = Lpjjer = 21t
Fpit.o + Fpiraa + Fps
Pile2 Pile3 Pile4
Bending Wroe [ Fpile2 + Fpile3 + Fpiles WToe
My = YLV (WT + wsz)' = ( = '(W'roe - [‘PileT) = Py3- T
Wroe Mpile2 * Mpile3 + Mpiles
2 S
f ?_. Positive Sign kipft M := M
— sl il T -
Convention My =-5.43 ft ! | ﬂ
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- TOE Strength Check (Cont'd) oD / 457

Shear

Fpian + Fpiaa + Fp:
Pile2 ™ " Pile3 ™ " Pile4 Ib
Vrai= 1L-1H-1x-((wT+ WewT) - [ S ] ~Py3 - PHJ = -14979.62—

Vai= |VT4 Shear at Pile

Shear at Stem.

o
Pile3
Vi = YL x| (Wr+ Wsw'r)'—w
Toe

(9umax ~ 9utoe) Lpite3 Fpile3 Ib
Pi]e3 s =—]5155.7_

- {qutoe' Lpije3 + -5 (
LW )
FTG cO

A= |VTb| Vyri= max(VTa,VTb)

Capacity:
Flexural Capacity
Top Steel:  Ag = Agye Bottom Steel: #wan= AToe2
in in
=12— = 12—
b 12 b2
Ag1'F 2
Al ——— al = 1.5:in 2= 22ty o
0.85fc-b 0.85f,b
al a2
OMpy = P Agy Fyr (dn - 7) My = dgAgyFy: [dn - 7}

Factors of Safety
Bendin kip-ft Kip-ft oMy
I oMp=1692-22 M =54308 g
it ft "
Checks := if{ M > 1.5M,1,"OKAY" ,"NO GOOD" )
Shear ki ki oVr
OV = 26.78—= V,p=1516—  Fsg:=
ft fi Vit

Checké := if( ¢V > 1.5V,7, "OKAY", "NO GOOD" )

Controlling Factor of Safety
FSt:= min(FSs, FSg) FSp = 177

Controlling Mechanism

Commentp := if(FSs > FSg, "Shear in Heel" , if(MT > 0, "Flexural Top Steel in Toe" , "Flexural Bottom Steel in Toe"))

CommentT = "Shear in Heel"
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Pile Checks: c4 /43 7

—PileLoadl-
S
1bt =1.0 ‘llJe =10 'lIJS =0.8 A:=1.0

Tension Pile Embedment: Pullout Force per foot: T, = VLYK L 14.7-kip

Equations are established for straight bars.

Embedment Length lem := 18in
Bar diameter:  d, := .75in op:=2in K is assumed zero.
Number of bars per foot: = 4, Area of 1 bar:
hR Nt Agy = 0.44in2
b % 3 Fy  dpdger
Cmod = if| — > 2.5,2.5,— | = 2.5 ly:= ! > 4= 13.150n
dp dy 40 fepsi ®mod

Check? := if{lop, > 1g, "OKAY", "NO GOOD" )

Ty = O Ny Ay Fy = 84.48 kip
Check8 = if(Tn > 1.5-T,,"OKAY", "NO GOOD")

Punching Shear Check (assuming 3rd pile in max compression and distance to edge of pile cap is > d/2):
Side of asquare pile: D = 18-in Compression Force: F,:= PileLoadS-('TL-'TH-'YX) = 61.9-kip

File Emadmentinto/pheicap: (Bt 120 Height of concrete cone:  h = Hppgy - Pilegy = 111

0 ]

ag:=20 di=dyy -hpe = 837-in by:=4-(D+d) = 1055 in agd og-d
Qpod =1 +2>4.4, +2|=3.59

V.= oy-an g ffopsicbyd = 173.62:-kip

Check9 = if( V, > 1.5-F, "OKAY" ,"NO GOOD" )

Vertical Bearing Check (assuming 3rd pile in max compression):
2 .
Bpilc = ¢y D"-0.85-F, = 826.2-kip
B
> 1.5-F ,"OKAY","NO GOOD") FSjg:=-

¢t

pile

Check10 := if(B = 1335

pile

Horzontal Shear and Bearing Checks.

Bpile2 = ¢y-Pile,-D-0.85-f = 550.8-kip  FSy4

Checkl1 := ii‘(B 2 > L.5-Pileyyrmaxs "OKAY" ,"NO GOOD")

pile

B = ¢V'P‘1°em'wsp'0'85‘fc = 367.2-kip F§ip= E]-;;—-— = 52.46
Hormax

Check12 := if{ Bjjep > 1.5 Pilegjormay, "OKAY" , "NO GOOD" )

FSg := min(FS o, FS; 1, FS)5) = 13.3¢
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Shear. Due to the continuous construction of the sheet pile, b = 12". /437

Shtpormax = 7-kiP . Dy : _ T : .
FOF 1 ﬂ wide pile. d‘f = 18in- T —2.5iIn- Sin— -5';11'1 =9.56-in ’Rm,= 12in

Negpi= by-2- | f-psib,d=11.01kip

: v
Checkl3 := if( Vi > 1.5-Shtgy o, "OKAY","NO GOOD" ) FSy3:= = 1.57
Shtgormax .
Overall Factor of Safety
Factor of Safety
Heel Factor of Saftey: FSyy = 1.09
Longitudinal Flexure of Pile Cap: FS; p=2.25
Stem Factor of Safety: FSg = 1.55
Toe Factor of Safety: FSp=1.77

Tension Pile Embedment:

Tension Pile Factor of Safety: FSg =5.75
Punching Shear Factor of Safety: FSg=2.8
Bearing Factor of Safety: FSp = 13.35
Pile Cap Shear Factor of Safety: FSy3=1.57

FoS := min(FSyy, FSy p, FSq, FS1, FSg, FSq, FSp, FS )
FoS = 1.09

It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be
acceptable when using unfactored loads and unreduced strengths for analysis.
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o
2DV REVISION /437

CID-MO Floodwall o o s % /i
Floodwall Analysis - Existing, M145 g0y ey |
US Army Corps 4 foot Stop Log Abutment Monolith
of Engineers. Kansas City Levees Water EL: TOW - 1'
Assumptions: For Feasibility Analysis, it is assumed Variables  kip = 10001b
that the sheetpile cutoff is adequately strength designed . Ib . 10001b b b
for a 50% head differential, the pile cap under the closure  P¥=— ki=——=—  pef=— A==
is adequately designed, and that the floodwall sections of in in fi
the monolith are accounted for by analysis of adjacent 10001b Ib
floodwall monoliths. Soil Surfaces assumed horizontal. T shm = iy a2 1000
ELgtem = 759.9f

Wstem1 = lﬁ._)r

. <7 ELyyater i= 758.91t
Propertiés: —
ELSOil_RS = ?48.%

BL = 748.91t
Hgtem = ELgtem ~ ELgoi LS soil_ L3
1

Hwater = ELwater = ELsoil RS Hgiem = 111
I
Hyyager = 1011

Pile Spacing
Su=4aft

NRows=# of rows in monolith
(used for CPGA total loads)

NRows = 1

ar V/ZaNNNN CZZZaNNNN 777 mw #
Hsoin = ELsoil RS~ ELtop fig
Hgoqy = 21 Hgoil2 = ELgoil LS~ ELtop fig

Hgoip = 21t
o x
- Hrrga=2f
L lr Piled = Uﬁ
A ) j FlsYienaa Pile5 := 0ft
Pile2 := 61t
Weo =31t
. Pilel:=11.5#
Note: Cutoff g
wall is centered A = = = k l ‘c!‘?ﬁ = o
in Wco. Heel = /- Stem2 = ! Toe = 2+
Note: At-rest used for both
. . ) driving and resisting for

Concrete Properties = = = = .

P Ao e S0l Froperfios Teat = HIpck Wi 2240 Feasibility and to require piles

Water Weight  ~ := 62.4pcf Ky:=1-sin(¢) K =0.63 to fully resist stability.

M145 EXISTING Pile Cap Capacity Page 1 of 19



)\ [T

Lengths:
Leco = Hrre1 — Hrro2 Lw1 = Hwater + Hsoit1 * HFTG1 Lst™ = Hstem + Hsoil2
Lr1G = WHeel * Wstem2 + Wroe LUt = Hsoil2 + HFTG2 Lopg=130
o -
Forces: = Fisriie Ly = 151t
Positive Sign
P Convention
w1
— p
s1
Ps2 Pwz
h h

Note: For Feasibility, only long-term case of
resisting H20 EL (top of soil) is considered
(worst case for rotation and pile pull-out).
Short-term case of little or no resisting H20 on
pile cap is ignored, though this is the worst
case for shear and sliding.

Equivalent Point Load acting on

W + W 4
) Stem]1 Stem2 kip abutment from Stop Logs per
FStem = [ 3 ]‘Lsm% = 2603.25-plf Felosure = 6-825—=" triputary width of pile cap.
Fpr6 = HFrGo LETG e = 3900.9-plf Feosure = 1/2*.0624*102*17.5/2*(1/4ft)
Foo = Leo Weo e = 450-pif (Treated Rectangular)
Fsoill = Hsoil' Wheel (Tsat = Tw) = 824.03-plf Fsoit2 = Hsoio' WToe (Tsat = Tw) = 368.2-plf
Fwaterl = (HWater * Hsoil1) WHeel Tw = 5865.35-plf Fwater2 = Hsoil2 Wroe Yw = 436.8-plf
T 1 2
Pwi =S Lwi Ty = 7020-plf Pw2a = - E—-(LPUI) Ay | = —499.2-plf
q co :=(l —0.5)"T HW +HS in +HFT62 _LPU] +LPUI"T = 56].6‘p5f
Cutoff wall assumed to be ! W[( ater o ) ] W
50% effective. See Figure q = (1 =0.5)(Ly;-L Yeol + Lpr11- Yo = 592.8-psf
w1~ LPUI PUI
C-3 of EM 1110-2-2100 umas = | ( 1) ]+ Lpur
_ Lpui y
dutoe = Lpur-Tw+ (dumax ~ Lpu1 ) = 338.15-psf

L - SWen + L
Note: Soil below base of pile cap acting PTG Co ™ "PUI

: ; 3 1
on key is essentially equal and opposite Pyap = “[“'(%CO + qumax)'LCO] = -577.2-plf
since all resistance is by piles. B

1 1
Pgy = Ko'[;'(HSoi]l + HFTcz)z'(’Tsat' “Tw)] =263.17-plf Pgy = —Ko'[?(HSoiu + HFT(}z)z'(W'sm = ’Ywﬂ =-263.17-plf

Pu1 = ~(Lp1G — -5We0) (dutoe) = ~3889.75-pIf  Pyjp = =0.5(Lprg = 3-Weo)-(dumax ~ Gutoe) = ~1464.62-plf
Py3 = _'SWCO‘(LWI"YW) = -1404-plf

M145 EXISTING Pile Cap Capacity Page 2 of 19



Inputs for CPGA

Sum moments around bottom corner of Toe:

Moment Arm (from bottom corner of Toe)

wStem2J

ArmStem = (WToe + = 4.34 ft

L,
FTG

W,
H
Water
Ay e = AR+ = 7338

Ammgqy = (WToe * Wstem2 + o.stee]) = 9.09 ft

Armsmlz = O'SWTOC =I5 R

ArMyyater] = Ammggyjy = 9-09ft
Arfyaterp = Amggijy = 1.75ft

1

Ammyys, = 0333 (Lpyy;) = 1.33

LCO'(zunO " qumax)

=051
3(unO * qumax)

Amiyab = Leo -

1
Armg = '3"(H80ill +Hppg) = 1331

LFTG e O.SWCO

Z(LFTG = 0.5WCO)
3
Armyj3 = Lppg - 0.25-Weg = 12.251

=7.671

ArrnU2 :

EM:= (Mstem * Mp1G + MO + Melosure * Msoill + Msoil2 * Mwaterl * Mwater2 + Mw1 + Mw2, W
+ Myyap + Mgy + Mgy + My + My + My

+ PUI + PUZ + PU3

LVertical := [FStem +FprG + Foo * Fsoill + Fsoil2 * Fwater1 * Fwater2 J

Y Horizontal := (Fclosurc +Pwi + Pywaa + Pwop+ Pgp + PS2)

M145 EXISTING Pile Cap Capacity

B2 /4577

Assumes perfectly rigid pile cap.

Positive Sign
Convention

Moment (about bottom corner of toe)

kip-ft
Mgtem = ~Fstem ArMgiem = —1 1-29"ﬁ—
. kip-ft
MG = ~Fprg Amprg = -25.36——
kip-ft
MCO = —FcoA_l‘lTlCO = -—SIST
kip-ft
Mclosure = Felosure AMclosure = 50-05—&'
. kip-ft
Msaill = ~Fsoil1Amgoyy = ~749——
; kip- ft
Msoil2 = ~Fsoil2- Armg,jip = ~0.64——
kip-ft
Mwater1 = ~Fwater1" A"™Mwater1 = _53'3'_'—&
kip-ft
Mwater2 = ~Fwaterz A™waters = ~0.76-——
Kip-ft
Mw] = PW!-Amlwl = 28.08. =
kip-ft
My2a = Pwq Ariiy 29 = ~0.66——
kip-ft
Mygran =~ ppgm Ay 029——
Kip-ft
MS] = PS]A]THS] = 035T
kip-ft
M82 = PSZAmSZ = —0_35‘-—ﬁ—
kip-ft
MU] = —PU]ArmL” = 223?T
kip-ft

kip-ft
Mu3 o —Pu3AlTl'lU3 = 17.2"_ﬁ—

ik
M = 24.55-T'p

kip

YVertical = 7.69-—
fi

kip

Y Horizontal = 1 2.77-?

Page 3 of 19



Find Pile Loads Using CPGA:
Number := if(Pile5 = 0,4, 5) 2 /
Number.:= if(Pile4 = 0,3, Number) 193 4377
Number.:= if(Pile3 = 0,2, Number)
Number := if(Pile2 = 0, 1, Number)
W&: if(Pilel = 0,0, Number) Number = 3

Total number of piles:

Concrete Pile Properties it
Dimension of square pile D = 18in
Assume all piles to pile cap connections are fixed (details show rebar and pile extending
into base).

Pile Properties:
fc := 3000-psi Ee := 57000/ fc-psi EC = 3322-921@
I:= D_

12 .
C33=2.0 for full skin friction o

B66 = 0 torsional stiffness
Length = 34ft

Allowable Design Load Strengths from Geotechs (FS = 1.7 for extreme):
AC = Allowable Pile Compression Load, = 137.963/1.7 = 81.1k
AT = Allowable Pile Tension Load, = 73.264/1.7 '= 43.1 k

The following allowable design strengths are from the existing pile capacity MathCAD
file (FS = 1.5);

PO = Axial Compression Design Load Strength, 536 k (P, in Mathcad)

PT = Axial Tension Design Load Strength, Fy*As= 128 k l
PB = Axial Design Load Strength at Balanced Condition, 274 k (P,,5 in Mathcad) .
MB = Design Moment Strength at Balanced Condition, 1802 k-in (M5 in Mathcad)

MO = Design Moment Strength Under Pure Flexure, 905 k-in (M,,7 in Mathcad)

Soil:
NH
Soil Modulus, 0.05 k/in3 (per Geotech)
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Concrete Sheet Pile Properties ; ; 4 =)
Dimension of rectangula?pile Dgp = 10in Wgp := 12in /@ /4‘)
Pile Spacing, S=1ft
Assume all sheet pile to pile cap connections are fixed (details show rebar extending
into base).

Pile Properties:

:= 3000-psi
E‘( LW -D 3) D_-W 3
. Sp " sp sp sp
I15]:| e
12 12
C33=2.0 for full skin friction
B66 = 0 torsional stiffness . = Aiga=Dg, W
Length = 15ft = 57000y fepsi | 733 SP ;p
_ ‘Area = 120-in
Allowable Design Load Strengths from Geotechs (FS = 1.7 for extreme): Assumes two 2.5ft wide
AC = Allowable Pile CompreSSion Load, = 5'4"*20.73klf/1.7 = 156.2 k sheetp"es engaged;

: > : s ; ; aE'RBg four 1' wide piles.
The following allowable design strengths are from the existing pile capacity Math

file (FS = 1.5):
PO = Axial Compression Design Load Strength, 205 k (P, in Mathcad)

PT = Axial Tension Design Load Strength, Fy*As= 56.3 k
PB = Axial Design Load Strength at Balanced Condition, 72 k (P,,5 in Mathcad)

MB = Design Moment Strength at Balanced Condition, 333 k-in (M5 in Mathcad)
MO = Design Moment Strength Under Pure Flexure, 195 k-in (M,7 in Mathcad)

Soil:
NH
Soil Modulus, 0.05 k/in3 (per Geotech)
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/S /437
SMp = EM-S-Npows SMq = 98.19-ft-kip

TVerticaly := XVertical-S-Np o
Positive Sign EVertical = 30.76-kip
T Horizontal := Horizontal-S-Np 1. Convention

THorizontalp = 51.07-kip

] CPGA LOADING FOR WATER AT TOP OF WALL
Applied Loads - Signs added to agree with CPGA

-Z i tion.
PY i= “EHOI’iZDIltalT SIgn SRINSINEN
PZ := EVertical PY = -51.07-kip
MK My PZ = 30.76-kip

v MX = -98.19-ft-kip
CPGA Coordinate

System

Loads input into CPGA filename: M145RL1.dat
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Shear. Due to the continuous construction of the sheet pile, b = 12". / @{9/ 27/

Shtpormax = 3-9-kip . Dsp : : 7 . .
For 1 ft wide pile. dg = 18in - 5 - 2.5in - .5in— .S-Em = 9.56-in Rov= 12in

Y= Oy2- fo-psib-d = 11.01-kip

v
Check13 i= if(V, > 1.5:Shtgyo o, "OKAY","NO GOOD")  FSy3 = ———— = 1.87
Shttormax .
Overall Factor of Safety
Factor of Safety
Heel Factor of Saftey: FSy; = 1.37
Longitudinal Flexure of Pile Cap: FS; p = 2.31
Stem Factor of Safety: FSg = 1.83
Toe Factor of Safety: FSp=2.11

Tension Pile Embedment:

Tension Pile Factor of Safety: FSg = 7.35
Punching Shear Factor of Safety: FSg=3.33
Bearing Factor of Safety: FSp = 15.83
Pile Cap Shear Factor of Safety: FS;3 =187

FoS := min(FSy, FSp p, FSq, Sy, FSg, FSg, FSp, FSy )
FoS = 1.37

It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be
acceptable when using unfactored loads and unreduced strengths for analysis.
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D7 /437
M145RL1.dat [5/0N
CID-MO M145 GEOTECH REV STRENGTH 4ft abutment- ;Zéaz/ }%221/

SEP 2011 Existing conditions h20 TOW-1ft- A . P ;
GT FS is 1.7 and Structural FS is 1.5 CJ\k&-ﬁ4ﬂk&4}1@/|
LoaD 1 0 -51.07 30.76 -98.19 0 0

PILE1 020

PILE 2 06 0

PILE 3 -1.5 11.5 0

PILE 4 -.5 11.5 0

PILE 5 .5 11.5 O

PILE 6 1 511.50

SOIL NH 0.05 LEN 33 0 1 to 2

PROP 3122 8748 8748 324 2 0 1 to 2

DLS S 81.1 43.1 536 128 274 1802 905 H 18 1 TO 2

SOIL NH 0.05 LEN 15 0 3 TO 6

PROP 3122 1000 1440 120 2 0 3 to

DLS S 15.2 8.26 205 56.3 72 333 195 H 10 3 TO 6
FIX 1 TO 6

PFO 1 TO 6

FOUT 1 2 3 4 5 6 7 M145RL1.txt
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/PB/4£37

M145RL1.TXT

FThhh AN AR T AR AR TR A AT b dh b hd it s

* CASE PROGRAM  # X0080 * CPGA - CASE PILE GROUP ANALYSIS PROGRAM
* VERSION NUMBER # 1993/03/29 * RUN DATE 06-SEP-2011 RUN TIME 14.38.26

Thhkfhdhhhhhhhdh el hhe e ke hk

CID-MO M145 GEOTECH REV STRENGTH 4FT ABUTMENT
SEP 2011 EXISTING CONDITIONS H20 TOW-1FT
GT FS IS 1.7 AND STRUCTURAL FS IS 1.5

THERE ARE 6 PILES AND
1 LOAD CASES IN THIS RUN.
ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX

WITH DIAGONAL COORDINATES = ( -1.50 , 2.00 , .00 )
( 1.50 , 11.50 , .00 )

Thhhhhihhdhdhdddthdhdhhhhhdfhhhkhihhdhhhhdhdddhhhhhhhdhhhhhhhdhhhhhhdhhhhdhhhdkhditds

PILE PROPERTIES AS INPUT

E 1 12 A c33 B66
KSI IN**4 IN**4 IN*%*2
.31220E+04  .87480E+04  .87480E+04  .32400E+03  .20000E+01  .00000E+00
THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -
1 2
E 11 12 A 33 B66
KSI IN**4 IN**4 IN*%*2
.31220E+04  .10000E+04  .14400E+04  .12000E+03  .20000E+01  .00000E+00
THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -

3 4 5 6

Thdhdhdhddhdhhhdhdhdhhhhhhhhhhdhddhdhthtihthhdidhhhtthhhhhhhhhhhdhhhhhhhkhhihhhhith®

SOIL DESCRIPTIONS AS INPUT

NH ESOIL LENGTH L LU
K/IN**3 FT FT
.50000E-01 L .33000E+02 .00000E+00

THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -

1 2

NH ESOIL LENGTH L LU
K/IN**3 FT FT
.50000E-01 L .15000E+02 .00000E+00

THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
Page 1
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3 4 5 6

M145RL1.TXT

dededededehde ke dehdehdehde kb Rk dr et A Ak A R AR AR AR R AR A A A A A AR A A A A A A e R A ke e de e

PILE GEOMETRY AS INPUT AND/OR GENERATED

NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT
1 .00 2.00 .00 % .00 33.00 F
2 .00 6.00 .00 \% .00 33.00 F
3 -1.50 11.50 .00 v .00 15.00 F
4 =90 11.50 .00 % .00 15.00 F
5 .50 11.50 .00 \% .00 15.00 F
6 1.50 11.50 .00 \% .00 15.00 F
126.00

whdkdhhhhhhdhhhdhhhdhhdhdhdddedde kb dedhdehededh ke hd kb hhhddhdhdhd kb dhh bk khk

APPLIED LOADS
LOAD PX PY PZ MX MY MZ
CASE K K K FT-K FT-K FT-K
1 .0 =51z L 30.8 -98.2 .0 .0

ThEkkhhhhhdhhhhhhhhhhhdhhhthhhh ki hd ikt hhhhh®

ORIGINAL PILE GROUP STIFFNESS MATRIX

.66258E+03 .00000E+00  .00000E+00  .00000E+00 .29315e+05 -.61195E+05
.00000E+00  .61826E+03 .00000E+00 -.26988E+05 .00000E+00 .00000€E+00
.00000E+00  .00000E+00  .26868E+05 .27882E+07 .00000E+00 .00000€E+00
.00000E+00 -.26988E+05 .27882E+07 .34850E+09 .00000E+00  .00000E+00
.29315E+05 .00000E+00  .00000E+00 .00000E+00  .51547E+07 -.24726E+07
-.61195E+05 .00000E+00  .00000E+00 .00000E+00 -.24726E+07 . 72376E+07
LOAD CASE 1. NUMBER OF FAILURES = 6. NUMBER OF PILES IN TENSION = 4.

Teddehdhdedhhdedde ke dde e hehfdehhde ek hh kbbb kh btk hh ek kv hh ek hhhhhk

PILE CAP DISPLACEMENTS

LOAD
CASE DX DY Dz RX RY RZ
IN IN IN RAD RAD RAD
1 .0000E+00 -.8757E-01  .1296E-01 -.1138E-03 .0000E+00 .000OE+00

fehdhdhhhhhhhhhhhhhhhhh kit hhhhdhhh ki hhhhkh ki hhhhhhhhhhkdhhk

PILE FORCES IN LOCAL GEOMETRY

M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
Page 2
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M145RL1.TXT
# INDICATES CBF BASED ON MOMENTS DUE TO
(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS

LOAD CASE - 1
PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN-K IN-K IN-K

1 0 =13.7 52.2 681.8 .0 0 .64 1.26 .00 .00*
7 L =137 24.3 681.8 .0 0 .30 1.40 .00 .00*
3 .0 =5.9 =11.5 193.6 .0 0 1.39 3.23 .00 .00*
4 .0 ~ax8 =115 193.6 .0 0 1.39 3.23 .00 .00%
5 .0 «5.9 =11.5 193.6 .0 0 1.39 3.23 .00 .00*
6 .0 =5.9 =11.5 193.6 .0 0 1.39 3.23 .00 .00%

v hhhhdhhhhhhdhhkddhhhdhhhhhddhhhdhhhdhddhdihdhdhdddhddhhhhhhhddhdhhhhhhhhhdrdhtihh®

PILE FORCES IN GLOBAL GEOMETRY

LOAD CASE - 1
PILE PX PY PZ MX MY MZ
K K K IN-K IN-K IN-K
1 .0 -13.7 52.2 681.8 .0 0
2 .0 -13.7 24.3 681.8 .0 0
3 .0 -5.9 =11.5 193.6 .0 0
4 .0 -5.9 -11.5 193.6 .0 0
5 .0 =59 =11.5 193.6 .0 0
6 .0 =5.9 =-11.5 193.6 .0 0
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20/ ReEVISION ////437
CID-MO Floodwall on e SHEEiG
Floodwall Analysis - Existing, M145 Y: Marx 9[e&))
US Army Corps 4 foot Stop Log Abutment Monolith
of Engineers. Kansas City Levees Water EL: TOW - 2'

Assumptions: For Feasibility Analysis, it is assumed Variables Higie= 1000

that the sheetpile cutoff is adequately strength designed . Ib . 10001b Ib Ib

for a 50% head differential, the pile cap under the closure  PSI=— ki=—— pdi=— = Rll=—

is adequately designed, and that the floodwall sections of in in ft

the monolith are accounted for by analysis of adjacent 10001b Ib

floodwall monoliths. Soil Surfaces assumed horizontal. i 2 s ? A g = R0

Wstem1 = lﬂ—*

. <7 ELwater = 757911
Propertids: ™ —=
ELSOi[_RS = ?48-%
ELSO“_LS = 748.%

Hgtem = ELgtem — ELsoil LS
1o

Hyater = ELwater = ELsoi]_RS Hgtem = 111t

Pile Spacing
S=4R

Nrows=# of rows in monolith
(used for CPGA total loads)

Hyyater = O ft

Npows = 1
’r VZ/LANNNNIZZZANNNN 7L VNSNS ZLLaS T
Hgoil1 = ELsoil RS~ ELtop fig
Hgyipq = 21t Hgoi12 = ELgoi) LS~ ELiop fig
Hgoiip = 21t
- +

wd | TG0

Piled := 0ft
- [ Pile3 = 24 Pile5 := 0ft
Pile2 := 6ft
WCO = 3ﬁ 4 ”
A b Pilel := 11.5#
Note: Cutoff
wall is centered 4° = T T k 1 é; = R
in Weco. Heel = /- Stem2 = *+ Toe = -
in Wco ee 3 w Note: At-rest used for both
) 58 ; ; X _ driving and resisting for
Concrete Properties  ~_ := 150pcf Soil Properties  ~, := 115pcf ¢ := 22deg Feasibility and to require piles
Water Weight  ~ := 62.4pcf K, =1-sin(¢) K, =0.63 to fully resist stability.
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Lengths: / /2/4 3//]

Lco = Hrr1 ~ Hrrg2

Lw1 = Hwater + Hsoil1 * HFTG1

LsTM = Hgiem * Hsoil2

Lr1G = WHeel * Wstem2 * Wroe  Lpui = Hsoil2 * HrrG2 iy =130
- —
Forces: Fuvater Ly = 14t
Lpy; = 4ft

1 FStem

1 Positive Sign

Puvs Fsoi2 Convention
5 F
l FliG l Ps2 Pw2
Ico ] I
P, P, P Py Note: For Feasibility, only long-term case of

[ Wstem1 * Wstem2
Fstem = >

Foo =Leo Weo e = 450-pif
Fsoill = Hsoil1* WHeel(Tsat =~ Tw) = 824.03-plf

Fwater1 = (HWaxer * HSOiIl)'WHeeI"Yw = 5376.57-plf

1 2

Cutoff wall assumed to be
50% effective. See Figure
C-3 of EM 1110-2-2100

Qutoe = Lpur Tw ™

Note: Soil below base of pile cap acting
on key is essentially equal and opposite
since all resistance is by piles.

1

)-LSTch = 2603.25-plf

resisting H20 EL (top of soil) is considered
(worst case for rotation and pile pull-out).
Short-term case of little or no resisting H20 on
pile cap is ignored, though this is the worst
case for shear and sliding.

Equivalent Point Load acting on
kip abutment from Stop Logs per

Felosure = 35 3"ﬁ_ tributary width of pile cap.

F = 1/2*.0624*102*17.5/2*(1/4ft)

closure

(Treated Rectangular)

FSOilZ o= HSOilZ'WToe'(FYsat = 'Tw) = 368.2.plf

Fwater2 = Hsoil2' WToe Yw = 436.8-plf

1 2
Pw2a = _[E‘(LPUI) "T“] = —499.2:plf

4uco = (1= 0.5) V[ (Hyyager + Hgoitt + Hprga) ~ Lpu | + Lyt tw = 5304-psf

Qo™ [(1 - 0.5)(LWI - LPU‘)'»;W] +Lpy Yy = 561.6-psf

Lpui

( -
Qumax ~ LPUI'—‘w) = 330.1-psf
LrrG = -5Weo + Lpui A

|
Pwab = ‘[3‘(%00 & qumax)‘Lco] el o

1
Pg = Ko-[—z—-(HSOi“ + HFTG2)2-(wsat— —1“,)] =263.17-plf Pg,:= -Ko.[?(HSOHZ + HFTGz)z-(-Tsat_ ’Tw)] = -263.17-plf

Py1 = ~(LerG — SWeo): (dutoe) = ~3797-15-pIf
Py3 = =5Weo (Lwi ) = ~1310.4-pIf

M145 EXISTING Pile Cap Capacity

Pya = ~0.5(Lp1G — 5-Weo) (dumax ~ dutoe) = ~1331.47-pIf
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Inputs for CPGA

Sum moments around bottom corner of Toe:

Moment Arm (from bottom corner of Toe)

/15437

Assumes perfectly rigid pile cap.

Positive Sign
Convention

Moment (about bottom corner of toe)

W :
Stem2 kip-ft
Aﬂnstem = (WToe +—_'] = 434 ft MStem = _FstemAnnSteﬂl = —1 1.29'_ﬂ
L 3
FTG kip- ft
A]'H]FTG = T = G.Sﬂ MFTG = —FFTG‘AmlFTG = —25.36’T
W .
CO kip-ft
Am'lco = LFTG— T =1151 MCO = _FCOAmCO = -5.] S‘T
H .
Water kip-ft
Arm o cure = 4t + =7f M_losure = Felosure AMcjosure = 38-71- ™
Kip-ft
Armgitg = (Wroe + Wsgema + 0-5Wpgeel) = 9091t Msoil1 = ~Fsoil1 Amsoity = ~749——
) kip-ft
Amgyip = 0.5Wrge = 1.75 1t Mg,it2 = ~Fgoilz- Armgipp = ~0.64-——
‘ kip-ft
Armyyater] = Ammgaipy = 9.09ft Mwater1 = ~Fwater1 AMwater) = ~48.85——
Arm = Armg 15 = 1.75 1t kip-ft
Waterzl Nollz Mwater2 = ~Fwater2" AMMwater2 = _0'76'T
Armyrq = —-Ly — Lo = 3.67 ft kip-ft
) . kip-ft
Armwza = 0.333(LPU1] =1.331t sza = szaAmeza = —0.66—'ﬁ'—
L2 + :
Cco ( duco qurnax) kip- ft
Armw2b = LCO = 3 = O.Sﬁ szb = —PwaAﬂnwzb = 0.2ST
(unO * quma.x)
1 kip- ft
. ) kip- ft
Armsz = Al‘]']'lwza = 1331 MSZ = PszAITnSZ = ‘—0.35T
I - 0.5W .
FTG Cco kip-ft
ArmUl =f=5‘75ﬁ MUII= —PUI'AITI']U] =21‘84T
2(Lpg - 0-5Wo) ki
: . p-fi
. ) kip-ft
AI'ITIU3 = LFTG- O.ZSWCO = 1225ﬁ. MU3 = —PU3‘A.ITI'IU3 = IG.OG‘T
EM := (Mgiem + METG + MCo *+ Mciosure * Msoill + Msoit2 + Mwater1 + Mwater2 + Mw1 + My, ]
+ My + Mgy + Mg + My + My + M3 fkip
) M =928 ——
TVertical := (Fgter + Fprg + Feo * Fsoilt * Fsoil2 + Fwatert * Fwater2 - fi
+Pyy +Pya + Py kip

3 Vertical = 7.52?

SHorizontal = (Fgjosure + Pw1 * Pw2a + Pwab + Psy +P s2) SHorizontal = 10.6-1%p

M145 EXISTING Pile Cap Capacity Page 3 of 19



Find Pile Loads Using CPGA: /14 / 47
Number := if(Pile5 = 0,4, 5) o
Number := if(Pile4 = 0,3, Number)
Number.:= if(Pile3 = 0,2, Number)
Number := if(Pile2 = 0, 1, Number)
NW: if(Pilel = 0,0, Number) Number = 3

Total number of piles:

Concrete Pile Properties : .
Dimension of square pile D = 18in
Assume all piles to pile cap connections are fixed (details show rebar and pile extending
into base).

Pile Properties:

fc := 3000-psi Ec = 57000fepsi |
“+
D . -

C33=2.0 for full skin friction Area = D2
B66 = 0 torsional stiffness
Length = 34ft

Allowable Design Load Strengths from Geotechs (FS = 1.7 for extreme):
AC = Allowable Pile Compression Load, = 137.963/1.7 = 81.1 k
AT = Allowable Pile Tension Load, = 73.264/1.7 '= 43.1 k

The following allowable design strengths are from the existing pile capacity MathCAD
file (FS = 1.5):

PO = Axial Compression Design Load Strength, 536 k (P,,o in Mathcad)

PT = Axial Tension Design Load Strength, Fy*As= 128 k

PB = Axial Design Load Strength at Balanced Condition, 274 k (P5 in Mathcad)

MB = Design Moment Strength at Balanced Condition, 1802 k-in (M5 in Mathcad)
MO = Design Moment Strength Under Pure Flexure, 905 k-in (M7 in Mathcad)

Saoil:
NH

Soil Modulus, 0.05 k/in3 (per Geotech)
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)1S/437

Concrete Sheet Pile Properties F :
Dimension of rectangular pile Dgp = 10in W, = 12in
Pile Spacing, S=1ft
Assume all sheet pile to pile cap connections are fixed (details show rebar extending
into base).

Pile Properties:

S = 3000-psi 3 3
W.,-D f' D_.-W
L Sp —sp ) : 4 sp 'sp

I opy 1= —— in R N

Isp 12 BEE T Do 12
C33=2.0 for full skin friction
B66 = 0 torsional stiffness ,_ :
Length = 15ft A= 37000V fepsi

Ec=312202 A

Allowable Design Load Strengths from Geotechs (FS = 1.7 for extreme): Assumes two 2.5ft wide
AC = Allowable Pile Compression Load, = 5'4"*20.73klf/1.7 = 15.2 k sheetpiles engaged;

AT = Allowable Pile Tension Load, = 574'*11.231klf/1.7 = 8.26 k strength is equally divided

a four 1' wide piles.
The following allowable design strengths are from the existing pile capacity Math(TRBg urf-wide p _
file (FS = 1.5):

PO = Axial Compression Design Load Strength, 205 k (P,o in Mathcad)

PT = Axial Tension Design Load Strength, Fy*As= 56.3 k

PB = Axial Design Load Strength at Balanced Condition, 72 k (P,,5 in Mathcad)

MB = Design Moment Strength at Balanced Condition, 333 k-in (M5 in Mathcad)

MO = Design Moment Strength Under Pure Flexure, 195 k-in (M,)7 in Mathcad)

Soil:
NH
Soil Modulus, 0.05 k/in3 (per Geotech)
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4
//e/457
SMpi= SM:S:
1= M5 NRows SMp = 37.1-f-kip

EVenicalT = E\h:rtica]-S-NRDW5
Positive Sign T Verticalp = 30.08-kip
Y Horizontal - := Horizontal-S-Np . Convention

THorizontal = 42.4-kip

CPGA LOADING FOR WATER AT TOP OF WALL
Applied Loads - Signs added to agree with CPGA
-Z . sign convention.

PY = —EHonzontalT

PZ & EVertica]T PY = -42.4.kip
MX ==Xy PZ = 30.08-kip

v MX = -37.1-ft-kip
CPGA Coordinate

System

Loads input into CPGA filename: M145RL2.dat
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1N [437
Shear. Due to the continuous construction of the sheet pile, b = 12"

Shtyormax = 4-9-kip . Dg _ ; 7 : _
For 1 ft wide pile. dp = 18in - T - 2.5in- 5in— .5‘?1:1 = 9.56-in Reoy=12in

al= ¢>v-2- ’fc-psi‘ho'd = 11.01-kip

Checkl3 := if(vc > 1.5-Shtyy o, "OKAY" ,"NO GOOD")

Overall Factor of Safety

Factor of Safety
Heel Factor of Saftey: FSy; = 1.78
Longitudinal Flexure of Pile Cap: FS; p =239
Stem Factor of Safety: FSg = 2.19
Toe Factor of Safety: FSp =253

Tension Pile Embedment:

Tension Pile Factor of Safety: FSg = 9.71
Punching Shear Factor of Safety: FSg = 3.96
Bearing Factor of Safety: FSp = 18.86
Pile Cap Shear Factor of Safety: FS;3 =225

FoS := min(FSyy, FSy ., FSg, FS1, FSg, FSg, FSp, FS 3)
FoS = 1.78

It has been decided that a Factor of Safety of 1.5 or greater for existing structures will be
acceptable when using unfactored loads and unreduced strengths for analysis.
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REVIS/ION
M145RL2.dat ;?CD "
CID-MO M145 GEOTECH REV STRENGTH 4ft abutment- _
SEP 2011 Existing conditions h20 Tow-2ft- Chid: Mavy ano/ !
GT FS 1is 1.7 and Structural FS is 1.5
LoaAD 1 0 -42.4 30.08 -37.1 00
PILE1 020
PILE2 060
PILE 3 -1.5 11.5 0
PILE 4 -.5 11.5 0
PILE 5 .5 11.5 0
PILE 6 1.5 11.5 0
SOIL NH 0.05 LEN 33 0 1 to 2
PROP 3122 8748 8748 324 2 0 1 to 2
DLS S 81.1 43.1 536 128 274 1802 905 H 18 1 TO 2
SOIL NH 0.05 LEN 15 0 3 TO 6

PROP 3122 1000 1440 120 2 0 3 to 6

DLS S 15.2 8.26 205 56.3 72 333 195 H 10 3 TO 6
FIX 1 TO 6

PFO 1 TO 6

FOUT 1 2 3 45 6 7 M145RL2.txt
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'%
M145RL2.TXT / 37
AEEEERETAT T A A h ity

* CASE PROGRAM # X0080 * CPGA - CASE PILE GROUP ANALYSIS PROGRAM
* VERSION NUMBER # 1993/03/29 * RUN DATE 06-SEP-2011 RUN TIME 15.08.53

Hh AT RN AN AR AR AL TR AR A A AR e %2k

CID-MO M145 GEOTECH REV STRENGTH 4FT ABUTMENT
SEP 2011 EXISTING CONDITIONS H20 TOW-2FT
GT FS IS 1.7 AND STRUCTURAL FS IS 1.5

THERE ARE 6 PILES AND
1 LOAD CASES IN THIS RUN.
ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX

WITH DIAGONAL COORDINATES = ( -1.50 , 2.00 , .00 )
( 1.50: , 11.50 , .00 )

Fhddhdhhhhhhhhddddhhhhhhdhdhhhdhddddhddhhdhhdhdddhhhhdddhhhddhhdhdhdrhdhthhddhhhh

PILE PROPERTIES AS INPUT

E Il I2 A Cc33 B66
KSI IN**4 IN*%*4 IN¥*%2
.31220€E+04 .87480E+04 .87480E+04 .32400E+03 .20000E+01 .00000E+00
THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -
1 2
E Il I2 A Cc33 B66
KSI IN*%*4 IN**4 IN*%2
.31220€E+04 .10000E+04 .14400E+04 .12000E+03 .20000E+01 .00000E+00
THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES -

3 4 5 6

fhhhhhhhdhdhhdhhhhkdhhhhhihddehdhkhdhddefdeh el hde ek hhhdhhhhhdhdhhhhhhihhhhhhhhdith®

SOIL DESCRIPTIONS AS INPUT

NH ESOIL LENGTH L LU
K/IN**3 FT FT
.50000E-01 L -33000€E+02 .00000E+00

THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -

1 2

NH ESOIL LENGTH L LU
K/IN**3 FT FT
.50000E-01 L .15000E+02 .00000E+00

THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES -
Page 1
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3 4 5 6

M145RL2.TXT

Thdhkdhhhhdhdhhdehddhdehdedededdedhd A R R AR AR A A AR TR A AR AR AR A AN T A AT A h Rk hed R

PILE GEOMETRY AS INPUT AND/OR GENERATED

NUM X Y z BATTER  ANGLE LENGTH FIXITY
FT FT FT FT
i -00 2.00 .00 v .00 33.00 F
2 .00 6.00 .00 v .00 33.00 F
3 -1.50 11.50 .00 v .00 15.00 F
4 =500 1150 .00 ' .00 15.00 F
D .50 11.50 .00 \ .00 15.00 F
6 1.50 11.50 -00 v .00 15.00 F
126.00

fhhhhhhhhhhhhhhhhhhhhhhhhhhfhdddhhdihdh e hdehedehde ek de ke hde v dehfefdde vkl fedddhfdd

APPLIED LOADS
LOAD PX PY PZ MX MY Mz
CASE K K K FT-K FT-K FT-K
1 .0 -42.4 30.1 -37.1 .0 .0

Tehhhhhhhhhhhhhhhhdhhhhhhhhhhh kb ki hdhhhkhhhhhhhddh ki k

ORIGINAL PILE GROUP STIFFNESS MATRIX

.66258E+03 .00000E+00  .00000E+00 .00000E+00 .29315e+05 -.61195E+05
.00000E+00  .61826E+03 .00000E+00 -.26988E+05 .00000E+00  .00000E+00
.00000E+00  .00000E+00  .26868E+05 .27882E+07 .00000E+00  .00000E+00
.00000E+00 -.26988E+05 .27882E+07 .34850E+09 .00000E+00  .00000E+00
.29315E+05 .00000E+00  .00000E+00 .00000E+00  .51547E+07 -.24726E+07
-.61195E+05 .00000E+00  .00000E+00  .00000E+00 -.24726E+07 .72376E+07
LOAD CASE 1. NUMBER OF FAILURES = 6. NUMBER OF PILES IN TENSION = 4.

whhhhhhhhhhhhhhh ke ddedededhdhdedede v h e de e dededhdefeddedededeedehedededededefededdddd

PILE CAP DISPLACEMENTS

LOAD
CASE DX DY DZ RX RY RZ
IN IN IN RAD RAD RAD
1 .0000E+00 -.7266E-01  .1082E-01 -.9344eE-04 .0000E+00  .0000E+00

Fedehhdedhdhfhd bk hhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh®

PILE FORCES IN LOCAL GEOMETRY

M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
Page 2
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M145RL2 . TXT
# INDICATES CBF BASED ON MOMENTS DUE TO
(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS

LOAD CASE - 1
PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN-K IN-K IN-K

1 .0 -11.4 43.8 566.4 0 .0 .54 1.13 .00 .00*
2 .0 -11.4 20.9 566.4 0 .0 .26 1.24 .00 .00*
3 .0 -4.9 ~8.7 160.7 0 .0 1.05 2.64 .00 .00%
4 .0 -4.9 -8.7 160.7 0 .0 1.05 2.64 .00 .00%
5 .0 -4.9 -8.7 160.7 0 .0 1.05 2.64 .00 .00*
6 .0 -4.9 -8.7 160.7 0 .0 1.05 2.64 .00 .00*

fhhhdhhhhdhdhhhdkdhhhhhhhhhhhdhhdhdhhhhihhdhhdhhhdhhhthdhhhdhhhhhhhhhhhhhdhdhhdthd®

PILE FORCES IN GLOBAL GEOMETRY

LOAD CASE - 1
PILE PX PY PZ MX MY MZ
K K K IN-K IN-K IN-K

1 .0 =11.4 43.8 566.4 0 .0
2 .0 -11.4 20.9 566.4 0 .0
3 .0 -4.9 8.7 160.7 0 .0
4 .0 -4.9 -8.7 160.7 0 .0
5 .0 -4.9 8.7 160.7 0 .0
6 .0 -4.9 -8.7 160.7 0 .0

Page 3
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m] Probability of Failure Chka by Hrx Tl
US Army Corps CID MO Monolith 145

of Engineers-  pyjlout of Sheetpile: H20 to TOW

I. Objective

The computations below show the process used to calculate the Reliability and the
Probability of Failure.

II. References

1. Reliability-Based Design in Civil Engineering by Milton E. Harr, Dover Publications Inc. 1996

III. Situation

1. CID MO M145 did not meet the 1.7 geotech factor of safety for which it has been
determined 99.8% reliability can be assigned. See mathcad and CPGA analyses of a 4'
wide pile cap for existing condition.

2. Material Properties used:

Mean (Ultimate) Pullout, A := 11.231-ki % = 14.039-kip for 12" of pile length

(assuming minimum of two 2.5' long sheet piles engaged for pullout - strength is equally
divided among four 1' wide piles).

4. From Geotechnical Data Supplied by Glenn Bellew, the amount of variation
anticipated in one standard deviation for pullout is 18%.

IV. Variable Definitions

FSp = Factor of Safety under mean material parameters

FSgy, = Factor of Safety due to the upper bound value of the Steel Yield Strength

FSgy; = Factor of Safety due to the lower bound value of the Steel Yield Strength

FSg,, = Factor of Safety due to the upper bound value of the Concrete Compresive Strength

FSg; = Factor of Safety due to the lower bound value of the Concrete Compresive Strength
AF; = Difference in Factors of Safety due to the change in Steel Yield Strength
AFg = Difference in Factors of Safety due to the change in Concrete Compresive Strength
or = Standard Deviation of the Factor of Safety
Vi = Coefficient of Variation of the Factor of Safety
Bixn = Lognormal Reliability Index
R = Reliability
P = Probability that the factor of safety is less than 1.0 ( Probability of Failure)
Probablity of Failure Sheet 1 of 7 9/6/2011

POF Analysis M145 Pullout Rev
2011.xmcd
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V. Caclulating Factors of Safety

Tension Load on Sheetpile (from M145R.dat CPGA file):

Mean Sheetpile Pullout:
$b:=1.0

Ap

FSD =

u

Upper Sheetpile Pullout

¢-ATy

Py

FSATu =

Lower Sheetpile Pullout

ATL = AT - AT'O.IS

For Risk and Reliability

FSp = 0.955

Ay = 16.566-kip

FSpqy = 1.127

A = 11.5124ip

= 14.7-kip

Probablity of Failure
POF Analysis M145 Pullout Rev
2011.xmed

Sheet 2 of 7

9/6/2011
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VI. Probability of Failure Calculation

Ach = FSATU i, FSATI Ach = 0344
AF,
fc
Of = ( 7 ] o'F=0.172
o
F
Vipi= —
F FSp VE=0.18
FSD
1
1+ VF2

By N = —0.347 Taylor Series method. See ETL

BN = ——
’lni {oig Vsz 1110-2-547, pg B-8.

R= cnorm(By \) R =36.43-%

W

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

PF =1-R PF =63.57%

Probablity of Failure Sheet 3 of 7 9/6/2011
POF Analysis M145 Pullout Rev
2011.xmcd
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POF For Water 1 ft Below TOW:

Tension Load on Sheetpile (see M145RL1.dat CPGA file).

Ultimate Pullout at Water EL 759ft:

Mean Concrete Strength

Upper Sheetpile Pullout
ATUI = AT] 2 o ATIOIS

¢-Atyg

FSATu1 = 5

ul

Lower Sheetpile Pullout

AL A1 - A8

FSp; = 1.221

ATy = 16.566-kip

FSpqy = 144

Aty = 11.512kip

P, = 11.5kip

AT] = AT = 14.039'kip

Probablity of Failure
POF Analysis M145 Pullout Rev
2011.xmcd

Sheet 4 of 7

9/6/2011
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VI. Probability of Failure Calculation

RFeov= FSaTu1 ~ FSaTn AFfg; = 0439
2
AFg,
%= || op =022
o
FSp; Vp=0.18
FSpy

, 2
l+VF

., S By =1.028 Taylor Series method. See ETL

,lni 14 szj 1110-2-547, pg B-8.

R = cnorm(By ) R =84.8%

cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.

Pre=1-R Pp=152:%

Probablity of Failure Sheet 5 of 7 9/6/2011
POF Analysis M145 Pullout Rev
2011.xmcd
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POF For Water 2 ft Below TOW:

Tension Load on Sheetpile (see M145L2.dat CPGA file). Pyp = 8.7kip

Ultimate Pullout at Water EL 758ft: ;
Ay = Aq = 14.039kip

Mean Concrete Strength

oAy

FSD2 =

Pu2

Upper Sheetpile Pullout

ATup = Apg + A1y-0.18 Ay = 16.566'kip
_ $ATy2
FSATU2 = P FSAT!.I.Z = 1.904
u2

Lower Sheetpile Pullout

ATLp = Arp ~ Arp0.18 Arpg = 11.512:kip
¢-ALo -
FSaTI2 = BAam =198
u2
Probablity of Failure Sheet 6 of 7 9/6/2011

POF Analysis M145 Pullout Rev
2011.xmced
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VI. Probability of Failure Calculation
Rkeoi= FSaTu2 =~ FSATI2 Al 0581
AFg, )
SR= ” op=0.29
Vp;= °F
mAlV ™ FSpy Vg=0.18
FSpp
In|
B —= BN =259  Taylor Series method. See ETL
,]ni 1+ szj 1110-2-547, pg B-8.
Ri= cnonn(ﬁLN) R =99.52.%
cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.
Pri=1-R Pp = 0.48-%
Probablity of Failure Sheet 7 of 7 9/6/2011

POF Analysis M145 Pullout Rev
2011.xmed
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Probability of Failure CHES, by
US Army Corps CID MO Monolith 10 A

ot Englosarss Torsion in Pile Cap

I. Objective

The computations below show the process used to calculate the Reliability and the
Probability of Failure.

II. References

1. Reliability-Based Design in Civil Engineering by Milton E. Harr, Dover Publications Inc. 1996
2. FEMA 310, Section 4.2.4 4, states, the mean strength (or expected strength) for Risk and
Uncertainty calculations shall be taken as 125% of the design strength

III. Situation = _- _ . -

V1 FOoRTtT T
1. CID MO Méﬂ-sﬁ'r does not meet the strength 1.5 factor of safety for which it has been
determined 99.8% reliability can be assigned. See mathcad analysis of the wall for

existing condition strength check.

2. FEMA 310, Section 4.2.4.4, states, the mean strength (or expected strength) for Risk
and Uncertainty calculations shall be taken as 125% of the design strength.
3. Material Properties used:

Mean Concrete Strength, f'ov = 3750-psi

Mean Steel Strength, Fym = 50-ksi

4. From Reliability Based Design in Civil Engineering by Milton E. Harr, pg 31, the
coefficient of variation for Reinforced Concrete Grade 40 is 14%.

IV. Variable Definitions

FSp = Factor of Safety under mean material parameters

FSgy, = Factor of Safety due to the upper bound value of the Steel Yield Strength

FSgy; = Factor of Safety due to the lower bound value of the Steel Yield Strength

FSg, = Factor of Safety due to the upper bound value of the Concrete Compresive Strength
FSg = Factor of Safety due to the lower bound value of the Concrete Compresive Strength
AF = Difference in Factors of Safety due to the change in Steel Yield Strength

AFg = Difference in Factors of Safety due to the change in Concrete Compresive Strength
OF = Standard Deviation of the Factor of Safety
Vg = Coefficient of Variation of the Factor of Safety
Bin = Lognormal Reliability Index
R = Reliability
Py = Probability that the factor of safety is less than 1.0 ( Probability of Failure)
Probablity of Failure Sheet 1 of 3 2/6/2008

POF Analysis M10 Torsion.xmcd
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V. Caclulating Factors of Safety

Condition under consideration from strength check: Tu i - /
for Pile Cap (from hand-computation analysis). T, == 43.5kip-

Design Concrete Strength
og = 1.0 Strength Reduction Factors not used in Risk and Uncertainty Analysis

Weap = 1t \wiidith of Pile Cap

toe = 1251 Thickness of concrete section”

=
0

12% 1 ft strip of wall analyzed

32
Acp = Ttoe’wcap =198 x 10" -in \-/

Pop = 2+(Tyge + Wegp) = 294-in /

Mean Concrete Strength

A 2 /
ot = Op-JFoprPSH OT|y = 68.048 kip-fi
cp
¢Tim
FSpi= —— 7 FSp = 1.564

Upper Concrete Strength

For reinforced concrete structures a 14% standard deviation based on engineering
judgment and information published in Reliability Based Design in Civil Engineering
by Milton E. Harr.

Fou=fom+ fop0-14 £y = 4275-psi

2
A
Ty = bp-JFoypst by = 72.66-kip-t
cp
Ty
Fofu ™ By
Ty fou”
Probablity of Failure Sheet 2 of 3 2/6/2008

POF Analysis M10 Torsion.xmcd
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Lower Concrete Strength
f‘cL = PCM = PCM0'14 FCL = 3225'p5i
A 2
o7y, = dp- ‘f'cL'PSi‘ ¢y, = 63.11-kip-ft
cp
OTIL
FSfc] = FSfCl = 1451
Tl.l
VI. Probability of Failure Calculation
Ach = stcu = stc] AFfC =0.22
( AFg, y
op = op=0.11
F 5 F
a,
F
Vp=—
FSp Vg =0.07
FSp
In| ———
‘ 1+ VF2
BIN= — BN =6.349 Taylor Series method. See ETL
’Ini (i szj 1110-2-547, pg B-8.
R,= cnorm(By ) R =100-%
cnorm (x) is a Mathcad function that returns the cumulative probability
distribution with mean 0 and variance 1.
Pp:=1-R Pp=108x 107 2%
Probablity of Failure Sheet 3 of 3 2/6/2008

POF Analysis M10 Torsion.xmcd
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@ oM DRAINED

Date: **/01/17 Time: 10.13.57 | A< (U PRESS
Company name: 121 LZUN

Project name:
CID MO Closures
Project location:

Wall location:
M10 Drained Case, Rigid Body Analysis
Computed by: FRS

Structural geometry data:

Elevation of top of stem (ELTS) = T58.25 £t
Height of stem (HTS) = .75 ft
Thickness top of stem (TTS) = 1200 Ek
Thickness bottom of stem (TBS) = 1.50 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 3.25 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1:25 ft
Width of toe (TWIDTH) = 3.50 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 11.00 ft
Depth of key (HK) = 2.00 ft
Width of bottom of key (TK) = 1.00 ft
Dist. of batter at bot. of key (BTRK) = .50 ft
Structure coordinates:
x (ft) y (ft)
.00 745.25
.00 748.50
6.00 748.50
6.50 758.25
750 758.25
7.50 748.50
11500 748.50
100 747.25
1 .:50 747.25
1.00 745,25
NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.
Structural property data:
Unit weight of concrete = <150 kef
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil

457



(deg) (kst) (kcf) {kcf) (deg)

19247

(ft)

22.00 .000 <A P i 11.00
Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 500.00
2 .00 .00
3 .00 500.00

Driving side soil profile:

Soil X Y

point (ft) (ft)
1 =493, 81 175217
2 6.19 752.17

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. wunit wt. soil
(deg) (ksf) (kcf) (kcf) (ft)

752.17

Batter
(in:1£ft)

22.00 .000 .110 w115 751.67
Resisting side soil profile:

Soil x y
point (ft) (ft)

3 7.50 751.67
2 507 .50 751.67

Foundation property data:
phi for soil-structure interface 22.00
¢ for soil-structure interface .000
phi for soil-soil interface = 22.00
¢ for soil-soil interface = .000

Water data:
Driving side elevation = 758.25 ft
Resisting side elevation = 751.67 ft
Unit weight of water = .0624 kcf
Seepage pressures computed by Line of Creep

Minimum required factors of safety:
Sliding FS = T 33
Overturning 75.00% base in compression

Crack options:
o Crack depth is to be calculated

.00

(deg)
(ksf)
(deg)
(ksf)

method.

o Computed cracks *will* be filled with water

Strength mobilization factor = . 6667

At-rest pressures on the resisting side *are used*

in the overturning analysis.
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Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.

*kkkk Summary of Results **x*x*

Project name: CID MO Closures

EE R R R E R R %ok ok Satisfied * %k
* Overturning * Required base in comp.
bt ARt b Bt b Actual base in comp. =

Overturning ratio

Xr (measured from toe) = 3:53 ft
Resultant ratio = .3205

Stem ratio = .3182

Base pressure at x= 10.58 ft from toe =
Base pressure at toe

Fohkkok ok ok ok ok ok ok ke * &k Satisfied ok ok

%= Slidivg * Min. Required = 1..33

Aok Aok kil Actual FS = 1.35

* ok ok hkhk ok ok ok ok ok ok ok ook ok ok ook ok ok ook Output Results * &k ok kK

Date: **/01/17

Company name:

Project name:
CID MO Closures
Project location:

Wall location:
M10 Drained Case, Rigid Body Analysis
Computed by: FRS

RS A S SRS E SR SRR SRR EEEEEEE R EE]

** QOverturning Results **
LR R SRS S R A SRR SRR R ESEEEEEE XSS

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -34.3032

Calculated earth pressure coefficients:
Driving side at rest K - .4788
Driving side at rest Kc - .8497
Resisting side at rest K = . 6254
Resisting side at rest Kc = .7908

At-rest K's for resisting side calculated.

Depth of cracking = .00 ft

75.00 %
96.14 %
1.54

.0000 ksf
1.0569 ksf

RS SRR EEE R RS S

Time: 10.13.57



** Driving side pressures **

Water pressures:
Elevation Pressure

(EE) (ksf)

758.25 .0000
752.17 .3794
745.25 .6850

Earth pressures:
Elevation Pressure

(ft) (ksf)
T52.07 .0000
745.25 .2347

** Resisting side pressures **

Water pressures:
Elevation Pressure

(ft) (ksf)

751.67 .0000
F&iliz2h .3564
147.25 .5106
T4525 .6688

Earth pressures:
Elevation Pressure

(ft) (ksf)
751.67 .0000
747.25 .0950

Balancing earth pressures:
Elevation Pressure

(ft) (ksf)
747.25 1.7357
745,25 1.7357

** Uplift pressures **

Water pressures:

xX—-coord. Pressure
5 ol (ksf)

.00 . 6850

1.00 .6688

1.50 .5106

11.00 .3564

** Forces and moments **

(94 457

Part

|
|

Force

Vert.

(kips) |

Horiz. |

Mom. Arm

(ft)

Moment

(£t-k)
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Structure:
Structure weight........... 4.266 -5.34 —=22:719

Structure, driving side:
Moist soil....ovvinnnnnn.. .000 .00 .00
Saturated soil............. 2.592 -7.95 -20.45
Water above structure..... i .000 .00 .00
Water above soil......... 2 2.407 — 783 -18.84
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00

Structure, resisting side:
MEiet Sdil. s o R S .000 .00 .00
Saturated soil............. 1.276 -1.75 =2.23
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00

Driving side:
Effective earth loads...... o -5 31 25
Shear (due to delta)....... +158 -11.00 -1.74
Horiz. surcharge effects... .000 .00 .00
WAEST" RS v wn amosmsnes 4.836 254 12.16

Resisting side:
Effective earth loads...... -.210 1.48 -.31
Balancing earth load....... -3.471 -89 3.45
Wate®” MoadSieemwenas o smemmmme -1.967 -.04 9

Foundation:
Vertical force on base..... -5.589 =3,53 19.70
Uplafteas oy wwanmres &4 v -5.090 -6.03 3071

** Statics Check ** SUMS = .000 .000 .00

Angle of base = 10.30 degrees

Normal force on base = 6.119 kips

Shear force on base = 2.416 kips

Max. availlable shear force = 2.861 kips

Base pressure at x= 10.58 ft from toe = .0000 ksf

Base pressure at toe = 1.0569 ksf

Xr (measured from toe) = .53 Tt

Resultant ratio = .3205

Stem ratio = .3182

Base in compression = 96.14 %

Overturning ratio = 1.54

Volume of concrete = 1.05 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
de not result in excessive differential settlement of
the wall foundation.
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** Sliding Results **
**********************i

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 .000 3.632
2 1..153 2.407
3 .000 .000

Water pressures on wedges:

7

Top Bottom
Wedge press. press. X-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .3794 . 6850
2 .0000 .6850
2 11.0000 .3564
) .0000 .3564
Points of sliding plane:
Point 1 (left), x = <00 £ y = T45.25. FE
Point 2 (right), x = 11.00 ft, y = 747.25 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 -35.859 11.813 3.810 11.813 6.287
2 10.305 11.180 9.091 11.180 5822
3 36.877 7.365 1.497 7.365 1o 312
Wedge Net force
number (kips)
1 -4.215
2 2.822
3 1.393
SUM = .000
e T S -
| Factor of safety = 1351 |



*kkkkxkxkkkkkkkkk** Echoprint of Input Data

Date: **/01/17

Company name:

Project name:
CID Missouri Closures
Project location:

Wall location:

Monolith 10 DEEEEES—Sgﬁ

Computed by: FRS

Structural geometry data:

e,
—+ o Hoxp on

Elevation of top of stem (ELTS)
Height of stem (HTS)
Thickness top of stem (TTS)

Thickness bottom of stem (TBS)

Dist. of
Depth of
Distance
Depth of
Width of
Distance
Width of
Depth of
Width of
Dist. of

batter at bot.

heel (THEEL)

of batter for heel

toe (TTOE)
toe (TWIDTH)

of stem (TBSR)

(BTRH)

of batter for toe (BTRT)

base (BWIDTH)
key (HK)

bottom of key (TK)
batter at bot. of key (BTRK) =

Structure coordinates:

x (ft)

v GEE)

.00
.00
.00
.50
.50
.50
.00
.00
.50
.00

e
[ R I e ()

NOTE: X=0

745.25
748 .50
748 .50
158425
75825
748.50
748.50
747.25
747.25
745.25

of the structure.
to the actual elevation used.

Structural property data:
Unit weight of concrete

= .150 kef

Driving side soil property data:

Phi

Moist
c Unit wt.

Saturated
unit wt.

Time:

Rigid Body Analysis
s Face.

758.25
9.75
1.00
1.50

.00
3.25
.00
1.25
3.50
.00
11.00
2.00
1.00
.50

is located at the left-hand side
The Y values correspond

PDM ¢

197/43,.7

Fhkokhkdkok ok ok okok ok ok ok ok ok kkok

10.11.24

ft v
ft 5
ft

fe v
ft
ftv
ft
fev
ft v

ft,’
ft
fe/
£t/
£tV

Elev.

Delta

soil

/57’,9{



(deqg) (ksf) (kcf)

(kef)

198/47

(deg) (ft)

22.00 .000 .110 sl

Driving side soil geometry:

Soil
point

Distance
(ft)

Batter
{in:1E£E)

.00
.00
.00

1 500.00
2 .00
3 500.00

Driving side soil profile:

Soil
point

X
(ft)

Y
(ft)

752.17 7
752.17 7

1
2

-1493.81
6.19

Resisting side soil property data:
Moist

Unit wt.
(kef)

Phi
(deg)

c
(ksf)

15 11.00 752,17

Saturated Elev.
unit wt.
(kcf)

Batter
{in:1ft)

soil
(ft)

22.00 .000 .110

Resisting side soil profile:

Soil
point

X
(ft)

1
2

a5
507.50

751.
75T

Foundation property data:
phi for soil-structure interface
¢ for soil-structure interface
phi for soil-soil interface
¢ for soil-soil interface

Water data:
Driving side elevation
Resisting side elevation
Unit weight of water
Seepage pressures computed

758.
7815

Horizontal line load data:

a
> EHABLS
oL D oN

DR\ g $10E°

Force
(kips)

Elevation
(ft)

.40

Minimum required factors of safety:

115

—

751.67 .00

22.00
.000
22.00
.000

4

(deg)
(ksf)
(deg)
(ksf)

25 ft
€7 £t

.0624 kcf
by Line of Creep

method.

Con et
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Sliding FS =  1.33 VP FT
Overturning = 75.00% base in compression )
s <W L ERT ¢ #HA4nérJd(
Crack options: a0 o P . _ -
VT —clAciC FeTiam 7O Fotict
A ebce To HEEFL OR
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. Ae X
— o0 L% &,
o Crack depth is to be calculated é{//// L
© Computed cracks *will* be filled with water
-
Strength mobilization factor = .6667

At-rest pressures on the resisting side *are used*
in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.

*#x*%* Summary of Results *****

Project name: CID Missouri Closures

Fhohkhkhk ok ok ok ok hkkk ok h ok * Kk Satisfied 2
* QOverturning * Required base in comp. = 75.00 %
Kk ok ek ek ok ok Actual base in comp. = 93.85 %
Overturning ratio = 1.53
Xr (measured from toe) = 3.44 ft
Resultant ratio = .,3128
Stem ratio = .3182
Base pressure at x= 10.32 ft from toe = .0000 kst
Base pressure at toe = 1.0827 ksf
e ek ek ke kR ok **+* Not Satisfied *** CaniCle.
* Sliding * Min. Required =  1.33 - T HIS M/{-"’} BE
ok ok ok ok ok ok ok ko -
Actual FS @Z/— P OGE @ VAT VE
To increase stability try one or a combination ‘;’,;,[{/4 L, & <24
of the following: ;‘H ‘14*' ixp
1. Increase the base width wrtl PlA) e VP
2. Slope the base of the structure coNDITIDN
3. Lower the wall base — ) a a: v
4. BAdd a key _ o TIET? cLRE

2 44% ()bafmv) ts
CeA LTI

R R A S SRR SRR EEEEEEEEE RS Output Results **************cﬁQﬁcﬁ**

Date: **/01/17 Time: 10.11.24

Company name:

Project name:
CID Missouri Closures
Project location:

Wall location:
Monolith 10 Drained Case, Rigid Body Analysis
Computed by: FRS

R R e

**  Overturning Results **
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Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -34.3032

Calculated earth pressure coefficients:
Driving side at rest K = .4788
Driving side at rest Kc = .8497
Resisting side at rest K = .6254
Resisting side at rest Kc = .7908

At-rest K's for resisting side calculated.
Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:
Elevation Pressure

o {ksf)

498425 .0000
f2oysame ) .3794
745.25 . 6850

Earth pressures:
Elevation Pressure

CEE) (ksf)
T52417 .0000
745.25 .2347

** Resisting side pressures **

Water pressures:
Elevation Pressure

{TE) (ksf)

T51:867 .0000
747.25 .3564
747.25 .5106
745.25 .6688

Earth pressures:
Elevation Pressure

(ft) (ksf)
751.67 .0000
747.25 .0950

Balancing earth pressures:
Elevation Pressure

(ft) (ksf)
747.25 1...9357
745,25 1..:9357

** Uplift pressures **

Water pressures:
x-coord. Pressure

208/,



GEET (ksf)
.00 . 6850
1.00 .6688
1.50 .5106
11.00 .3564

** Forces and moments **

291

Part | Force (kips) | Mom. Arm | Moment
|  Vert. | Horiz. | (ft) | (ft-=k)
Structure:
Structure weight........ —_ 4.266 =554 —22.79
Structure, driving side:
Moigt Solilaumams ax s avw 5% .000 .00 .00
Saturated Seil caw ax e swms 2572 =9 -20.45
Water above structure...... .000 .00 .00
Water above soil....... Sl 2.407 -7.83 -18.84
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .400 12 .05
Structure, resisting side:
Molist Bodliw wwewws a5 vevnti .000 .00 .00
Saturated soil....... R 12786 =1+7h -2.23
Water above structure...... .000 .00 .00
Water above soil...... S .000 .00 .00
Driving side:
Effective earth loads...... ;812 31 <25
Shear (due to delta)....... <1:58 -11.00 =-1.74
Horiz. surcharge effects... .000 .00 .00
Water loads: cewvses o0 odeess 4.836 251 12.16
Resisting side:
Effective earth loads...... -.210 1.48 =31
Balancing earth load....... -3.871 -1.00 3.87
Water loads. o enwsn on e e =1.:567 -.04 .09
Foundation:
Vertical force on base..... -5.589 -3.44 19.23
UplaEEuwns e cwsiiass oy o0 0550 -5.090 -6.03 20,7
** Statics Check ** SUMS = .000 .000 .00
Angle of base = 10.30 degrees
Normal force on base = 6.191 kips
Shear force on base = 2.809 kips
Max. available shear force = 2.890 kips
Base pressure at x= 10.32 ft from toe = .0000 ksf
Base pressure at toe = 1.0827 ksf

Xr (measured from toe) = 3.44 ft
Resultant ratio - .3128
Stem ratio .3182
Base in compression 93.85 %
Overturning ratio = L.53
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Volume of concrete = 1.05 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.

dodk ke vk ok vk ke ok e ok e gk gk e ke ek ok ke ke ke ok

** Sliding Results **

ok ok ok ok k ok ok koot ek R ok ok ok ke ok ke

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number {kips) (kips)
1 .000 33789
2 1.553 2.407
3 .000 .000

Water pressures on wedges:

Top Bottom
Wedge press. press. Xx—-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .3794 .6850
2 .0000 .6850
2 11.0000 .3564
3 .0000 .3564
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 745.25 ft
Point 2 (right), x = 1100 £ty y = 47125 £t
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number ({deqg) PETY (kips) {EE) (kips)
1 -37.846 11278 3.544 11.279 6.003
2 10.305 11.180 9,091 11.180 5.822
3 35.753 7.565 1.560 7.565 1.348
Wedge Net force
number (kips)
1 -4.155
2 2ad A
3 1.445

S5UM = .000
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CID Missouri Comp by:FRS
Monolith 10 Stoplog Gap Chkd by: P
Footer and Wall Strength Analysis { i
US Army Corps CUE
of Engineers. Kansas Citys Levees DA FED
1o
38" /0" G"-g*
CHHE i wen
i rEnd sealing strip
x
W
Lond side River side
p: s b
2 3’ J-6" / &"-0*
S “
X 12”20 oz. copper
sealing strip
x
. LY
2 a 1 :
2 '
N / 4
¢ \ sEna
} / L LA Cd
g .S‘ff‘fp:"y 9~G" G ON

o e

Assumptions

Typical Floodwall Section

Taken from Record Drawings File No. A-10-1176

1. The length of the base in bearing compression must be less than
moment, M, will be incorrect.

(D+E+F+G+H). Otherwise, the bending

2. Equations in this file are established for a horizontal footer with uniform thickness.

3. Resisting Side Water EL is the EL of the top of resisting grade.

4. Temperature and Shrinkage steel assumed sufficient.

Floodwall Analysis

Page 1 of 13

M10 - Existing - Drained Rigid Footer

Concrete Strength Check.xmcd

3/12/2008



Variables
Ib 1
Kip= 1000lb pif = — psf = b o 1000

22 52%37

. Ib . 10001b 1b
psi= — ksi = = —3
in in ft

CTWALL INPUT FILE NAME: M10DRR.OUT

Elevation of top of stem (ELTS).......cc.cooeviiiiiiciiiccee
Height of stem (HTS).ovimmimmni it i s s
Thickness top of stem (TTS).......c.cooiiceiiie,
Thickness bottom of stem (TBS)...........ccccooviviiiciiiiicccc
Dist. of batter at bot.of stem LS (TBSR).......c..cocovvvvviiiieeiiieeen,
Depthiofhasl (THEELY «cnnmmm i

ELTS := 75825/ ~
HTS := 9ft + 9in

TTS
.TBS :
TBSR:= 0ft
THEEL := 3ft + 3in

/

Distance of batter for heel (BTRH)............ooovvieeiiiieeeeeeeeeeeeeeen BTRH := 0ft *

Depth Of 108 (TTOE)........ oo TTOE = 18t + 3in * ¥
Width of t68 (TWIDTHY.......c.ccoemiemimissisiseiisionisisissiioisine  TWIDTH = 38 + 6in v
Distance of batter for t0& (BTRT). ... BTRT:= Oft *
Width of base (BWIDTH).........cooviiiiiiiiiieeeeeeeeeeeeeeeeee e BWIDTH := 11ft /
Depthiof key (HK):..oanmumnnmmmmmmsmmimnnnimes HR= 2fte 0m /
Width of bottom 'of key (TK)......c.cmmmme e TK := 1ft v ;
Dist. of batter at bot. of key (BTRK).............ooveeveererrerrerreerrerreenn. BTRK := Oft + 6in s
Driving side soil elevation (ELSTDS).........cc.ccooveeeiiieciee, ELSTDS := 752.17ft ~
Resisting side soil and water elevation (ELSTRS)..........cccvcecevveennn. ELSTRS := 751.67ft
Driving side water elevation (WATELD)............ccocooviiiiiiiieinn. WATELD := 758.25ft

A= WATELD - ELSTDS

B := HTS - (ELTS — ELSTDS)

G.-= THEEL

D:=TK

E:= BTRK

= BWIDTH - (TWIDTH + TBS + BTRK + TK)

SG= TBS

M= TWIDTH

[:= TTOE + BTRT

A= HTS - (ELTS - ELSTRS)
L= ELTS - ELSTRS

M= TTS

* Equations in this file are established for a horizontal footer with uniform thickness.

Floodwall Analysis
M10 - Existing - Rigid Footer Concrete
Strength Check.xmcd

Page 2 of 14

1/17/2008



Properties M=1ft
’ :I s
#
e —L
L =6.581t
A=6.08ft

280/ o

Soil Friction ¢ := 22-deg

Concrete Weight  ~_:= 150pcf

Sat Soil Weight  ~, == 115pcf

Water Weight Yy = 62.4pcf

Buoyant Soil Weight

Tb = Vsat — Yw = 52.6-pcf -

1 7ARSOZ7ASO7ZA  PoARSO77A
I=317ft
B =3.67ft
"2 e
I=125ft
"
C=3251t
L
* |V L
1 P |
D=1ff E=05f F=451 G=151f H=35ft

Base:=D+E+F+G+H=11f

Verify := if(BWIDTH = Base, "OKAY" , "Check Dimensions")

Verify = "OKAY"

Floodwall Analysis Page 3 of 14
M10 - Existing - Rigid Footer Concrete
Strength Check.xmcd

1/17/2008
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Pressures below were taken from corresponding CTWALL output.

—é-;,_
Soil Water
I Psl = .095ksf Pwl = .3564ksf
Water, - Pyp i= .5106ksf
“ -
S s Ee e
(= Bli2st ) grem il Lpp := 10.58ft Py := 1.736ksf P,3 = .6688ksf
_ Full'Head fpressure THIS 1S '
Beafig Breceis i ale%‘\T Hand Check of Soil Pressure:
/ IHaTS . Ppp = 1.06ksf
Uplift g
/ p P = 5106kt ~ Pyg = 3564ksf
JINCONS 16, WD = 0.685ksf U2 = 0688ksf
Driving Soil Pressure at bottom of Key: Ps3 = -2347ksf
Driving Soil Pressure at top of footer: Driving Soil Pressure at base of footer:
B
By -Pg3 = 0.12-ksf i Pgg = ———Pg3 =0.18-ksf v
B+C (B+1D

Note, the presence of any cutoff wall could impact the uplift pressures. Reducing the uplift would cause an
uncoservative design for the heel.

Assumptions

* Concrete strengths were not specified in any of the information available and ACI
recommends the use of 3000 psi nominal concrete strengths for older concrete. As
concrete ages it continues to hydrate and gain compressive strength. FEMA 310,
Section 4.2.4 4, states, “Unless calculated otherwise the expected strength shall be
assumed equal to the nominal strength multiplied by 1.25." Using FEMA's guidance
the concrete strength becomes 3750 psi. However, 3000 psi is used conservatively until
a reliability calculation is performed

¢ The Portland Cement Association pamphlet, Engineered Concrete Structures, Dec.
1997 Vol. 10 No. 3. recommends using 40 ksi yield strengths for rebar of this time

period.

Concrete Properties  f := 3000-psi Steel Properties Fy := 40.0ksi

Floodwall Analysis Page 4 of 14 1/17/2008
M10 - Existing - Rigid Footer Concrete
Strength Check.xmcd



Load & Resistance Factor Design
Strength Reduction Factors

Shear Strength by =10
Flexural Strength g = 1.0

Load Factors
Dead and Live Load Factor = 1.0
Hydraulic Load Factor Yyi= 1.0
Extreme Case Factor Yx = 1.0

Reinforcement Checks

Slab

Uplift

Bearing Pressure, Pgp,, acting on the heel at
location "A"

Heel and Key Centroid

Xy

(D+E+ F)‘]-(ES—tE) +(C - I)‘D-[E +F+ -E) + [w}[F

i 65‘?'-‘?/,437

Note: Strength Reduction Factors (.85 for
shear, 0.90 for bending) and Load Factors (1.6
live load and 1.3 for hydraulic structures) not
applied in analysis of existing conditions.

Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Factor EM 1110-2-2104 (3-2)

Short Duration (Extreme Condition) EM
1110-2-2104 (3-4)

O Location where moment is
taken about.

Wy = Yw(A+B)}(D+E+F i
WW= 3650;
W = '\rb-B-(D +E+ F)’

Ib
W, = 1158.25 —
fi

Drag on edge of Key due to tendency to rotate: .
b /

S B.(pﬁ 4+ PS3)-C-tan(¢):| - 23581

= 235.81 L
ft

) + Pyg -

34 = if(Lgp < BWIDTH, 5,,,0)

G+H

Pys = (Py3 - PU6)’[m

Ib

ﬁ2

Lpp; = if{[Lpp — (G + H)] 2 Oft,[ Lgp~ (G + H)],0]
= 5.58ft /P

Lgpi

_ Lepi
Pgp) = —Ppp

L Ib
BP Pppi

=559—
ﬂ2

2-E]
5 L
3

2

(D+E+F)l+(C-D-D+

Floodwall Analysis
M10 - Existing - Rigid Footer Concrete
Strength Check.xmcd

(C-DE Xy =3.59ft
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- HEEL check (cont'd)
Heel and Key Weight

@ug, & Ib
Wy = (D+E+F)-l+(C—I)-D+T. =

Uplift Centroid
le D+E+F A

I A

AREA CENTROID
AA:=(D+E+F).PU4/ CA:=D+E+F/
2
F-(Py3 - Py)
Alisiton i S, R 2-F
B 2 CB = T /
Ac = E(Py3 - PU4)( EJ/
CC =F+ E
e E-(Pyz - Pu3) - /
D 2 Cr:=F+—
B 3
CE = (E +E + F)

D(Py; ~Pp) /
Agi= 2D
2 Cp= [—3—-— +E+ F]

AACA + AB'CB a1 ACCC + ADCD + AECE + AF'CF '/
XU = XUE 324 ft
AA+AB+AC+AD+AE+AF

. b
Upllft on Heel WU = AA+AB + Ac‘l' AD+ AE+ AF \/ WU:3IOSE

Floodwall Analysis Page 6 of 14 1/17/2008
M10 - Existing - Rigid Footer Concrete
Strength Check.xmcd
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- HEEL check (cont'd) c

Loading: Note, since the amount of base in compression is > 75%, bearing of water-side of key against soil du!to
rotation should be marginally different from counter-moment produced from sliding force on key. Water
loads on each side of key are also similar and so their effects on the heel are ignored.

Bending
Papy-L I ;
BP1'“BP1 “BPI D+E+F
My = qL-qH-qx.[wU-xU + 5 = [(ww + ws)-(—2 ] + WX+ 84(D+E + F)ﬂ
Note:
; IF: Myis<0
” My = -8275.73-——  THEN: Steel in top of heel is in tension
Positive Sign fi
Convention kip-ft
My My Myg=83-52
Pep1-LBp)
Shear VH = 'TL'THFYX[WW + WS ik ﬁd + WH — WU - ..__2—
Ib kip
Vi = 1879.6E Vg = |VH| Vg = 1_9..-ﬁ_
Capacity:

Flexural Capacity
s 2 :
Top Steel: Ay = .4415- Ccpy = 3375in Bottom Steel: A 15 := .35% Ccpp = 3.375in

Ag) = AHeen/ dyy = 1-Ccpy A2 = AHeel2 dyp = 1-Ccpp
: Ay F : F
bi= 122 ali=——2L a1 =058in boi= 12=  a2:= Aoty a2 = 0.46-in
ft 0.85f b i 0.85f b,
; al . a2
My = O AgyFy | dpy - My = PpAg Fy| dpy— o
o iz
My = 1663 DR My = 13.3. KDt
ft fi
OMy = if(MH > 0,¢MH2,¢MH1) Kip-ft
My = 16.63 ——
ft
Shear Capacity
¢'Vc] = ¢V-2-b-dHl- ff‘c-psi ¢>Vc2 = Gy-2-bdyy Hf‘c‘psi
Ib Ib
OV, = 15281 = dV, = 15281 -
. kip
OVy = if (Mg > 0,6V 5,0V) OV = 1528 —=
Floodwall Analysis Page 7 of 14 1/17/2008
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- HEEL check (cont'd)
Factors of Safety

kip-ft

Bending My = 16.63-— — ft _ dMy

kip-ft - My FS; =201
M p = 8.28-—— }

Checkl := if(6Myy > 1.5M,,4, "OKAY" ,"NO GOOD" )

kip
Shear ¢V =1528—= & - ®Vy
R
kip VuH
Viigg =188 ft FS, =8.13

Check2 := if (¢ Vg > 1.5V, g, "OKAY" ,"NO GOOD" )

Controlling Factor of Safety

FSy := min(FS;,FS,) FSy = 2.01

Controlling Mechanism
Commentyy := if(FSl > FS,,"Shear in Heel" ,if(MH > 0,"Flexural Bottom Steel in Heel" , "Flexural Top Steel in Heel" ))

Commentyy = "Flexural Top Steel in Heel"
Key Check

Hydrostatic Load is similar to each side of key, and thus neglected in analysis.

ft M >0 means water—side/

2
(C-n° 1 2(C-1° n?
Mg = 1 VY] (Pes = Poo): $ =[P = Pucp—o—d | = 3:08:Kip—
B [( e 52) 2 2 ( s3 55) 3 P8 steel is in tension.
1 Ib
Vg = TL"YH"TX'[(Pss -Py)(C-D+ E(P53 ~Pgs5)-(C - l)] =-306223— Mg = [Mg| =3042351b
o b
Steel in Tension: ) i : ] ' VUK = |VK| =3062.23 Y
AK.ey = 0.16"ﬁ— CK ;= 3.375in dK =(D+E)- CK
in A -F a i
e — K .
=12 f o s &y kip-ft

k
a, =02l-in  dMy = dp Aga-Foo| dy — — dMy, = 7.74-
0.85¢_b k OMy = O Agey y[ K 2] K

Shear:
Ib
Vie := Oy-2-b-dy- [T -psi OV = 19225 —
bV = oy Ky fcP K .

Mg Checkyy = if (oM > 1.5M g ,"OKAY","NO GOOD")

FSp = M—-ZV —2.5‘52;

FS PV |
L o RS
BY T o F

L/

| Checky = if(¢Vg > 1.5V, "OKAY","NO GOOD" )

N

Floodwall Analysis + Page 8 of 14 1/17/2008
M10 - Existing - Rigid Footer Concrete

Strength Check.xmcd
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-STEM Check Water

Soil Water
Note:
P, = Resistive Soil pressure
present at base of stem
P.s2 = Resistive Water
pressure present at base of
PWS] = (A + B)‘YW stem
b
Pys1 = 608— o)
ft J
P,y = —-P, P = J
ss2 1 ws2 w
Driving Soil Pressure at base of Stem: I+7 ¢
P..1:= P4 =0.12-ksf
ssl = Ts4 Py = 0.07-ksf P2 = 0.2:ksf
a2 -
. . 3 in” o : : )
Waterside Steel: AStem] b= Y | ? CCS] = 2.81in /dSl =0- CCSI
Resistive Side Steel: in> -
Astemz = 02'?
Loading: :
Bending ; Nots:
2 4 - i >
Pust(A+B) o4 B  Py'B” (P + PwsZ)'(J ) S EMpis>0 _
Mg = YL YHOIX - + = THEN: Riverside steel is
2 3 2.3 23 . ;
in tension
kip-ft
MuS = 9.5--—&-—“
Positive Sign
Convention Shear
P,.;(A+B) P.,B (P +P )-(J) / .
wsl ss] ss2 T Tws2 / kip
V. g:= AN Yy + - - Vig=28—
uS = YL YHYX I: ’ > > uS Py
Floodwall Analysis Page 9 of 13 3/12/2008
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-STEM Check (Cont'd)

Capacity: Flexural Capacity
A= Astem1
in
= 12—
"];" ft
As] 'Fy
- al =0.67-in
A 0.85f b
- kip-ft
OMg = bg A 'Fy’(dm - ?) Ve e
Shear Capacity N I C t
pi= 1.0
Vg = dy-(AggerFurt) = 80002 | L
dVg = ¢V‘( Stem2’ y'”‘) - ft PV = s'?p
Factors of Safety
Bendi ip-
ending Mg = 25.26-M oM
f S
F83 = M
Mys = 9.47.Kp-ft uS e
ft

Check3 := if(®Mg > 1.5M,g,"OKAY" ,"NO GOOoD")

Shear ki
OVg=8-—F Vg
fi FSyi=
kip uS
Yyl 2 FSy = 2.89

Checkd := if($Vg > 1.5V, "OKAY","NO GOOD" )

Controlling Factor of Safety
FSg := min(FS3,FS,) FSg = 2.67

Note: No bar cut-offs checks are made for the reliability Study.

Floodwall Analysis Page 10 of 13
M10 - Existing - Drained Rigid Footer
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- TOE Check
, L Vo Y Y HO)
Soil
Slab
G
Lppy = if(H < LBP,H,LBP)
Lgpy =3.5ft
Bearing
Pressure
BP2, -
Pgpy = Pgp - PBP'_"L Ib
BP Pgp = 1060 4
Ib
Ppp) = 709.34—2 ft
ft
Ib
fi
Uplift
H
Pys = H:(PU,% - pUG)'___F ———— Pus]]'- #
Ib
Pys = 413.21 =
fi

Bearing Pressure

Lgp2) (Pep - Ppp2)(Lep2) (2Lpp
(LBP2'PBP2)'[ 5 ]+ 5 =

|
o (Pep - Ppp2)-(Lpp2)

Lpp2Ppp2 + 5

Plose= P},
Whp = Lp2-PBp2 + (e Biz)( or)

Uplift H (Pus-Pus)H H
HPyg— + —————————
2 2 3

o Pus —Pyg)H
H:-Pyyq + —( L : Ué)

(Pus — Pug)H
2

WU = HPU6 +

Floodwall Analysis Page 11 of 14
M10 - Existing - Rigid Footer Concrete

Strength Check.xmcd
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Ib
W, = 1275.92—
ft

Lpp = 2.8ft

Ib
Wbp = 3096 E

Lu =1.71ft

Ib
W, = 1346.82 —
ft

1/17/2008



Toe Check (continued)

Loading:

92/'5'/4_37

Bending Note:
H IF: M+ <0
M= Y Yy [We + (HDy.]-— = (Wp Ly + W, -L T
T=LH ’Yx{[ 3t (D %] 2 ( bp=bp™ "u ”)] THEN: Bottom steel is in tension
kip-ft
My =-7.6—— 5
i - :
f Myr = [Mr] M, = 7.59--'5%@
ositive Sign
Convention Shear
V1= YA X Ws + (HDYe = Wi = W]
L | V1| kip
T ft uT - T Vur = 2,51.?

Capacity: Flexural Capacity,

Area of bottom (tension) steel: Ay, := _352% Cer = 3.375in -

in
Ri= IZE A= AToe
A -F
sl”y .
glis ————i— al = 0.46-in
0.85f.-b

al
¢’MT = d)B AS] 'Fy'[dT = ?)

Shear Capacity

Floodwall Analysis
M10 - Existing - Rigid Footer Concrete
Strength Check.xmcd

Page 12 of 14

dT =1- CCT =11.63-in

kip-ft
oMy = 1337.——

kip
Vo = 15.28-—
OV :

1/17/2008
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Toe Check (continued)
Factors of Safety

Bendin kip-ft
9 oMp= 13372~ G,
57
kip-ft Myt
MUT = 7.59 ﬁ FSS i 1.76

Checks := if(6Mr > 1.5-Myr, "OKAY","NO GOOD" )

Shear i
oV = 152852 OV
, B FSg :=
kip Vur
Vyr=2al2 FSg = 6.09

Check6 := if (¢V > 1.5V, "OKAY","NO GOOD" )

Controlling Factor of Safety

FSp:= min(FSs,FSg) FSp =176

End of Analysis

Floodwall Analysis Page 13 of 14 1/17/2008
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Fhk ko dhhkhkhkokhk ok ok ok kkok ok Echoprint Of Input Data Hodkok ok ek ok ok R ok ok ok ke ok ok ok ke

Date: **/01/17

Company name:

Project name:
CID MO Closures
Project location:

Wall location:

M10 Ungégined Case, Rigid Body Analysis
Computed by: FRS

Structural

geometry data:

Elevation of top of stem (ELTS)
Height of stem (HTS)
Thickness top of stem (TTS)
Thickness bottom of stem (TBS)
batter at bot. of stem (TBSR)

Dist. of
Depth of
Distance
Depth of
Width of
Distance
Width of
Depth of
Width of
Dist. of

heel (THEEL)

of batter for heel
toe (TTOE)

toe (TWIDTH)

(BTRH)

of batter for toe (BTRT)

base (BWIDTH)
key (HK)
bottom of key (TK)

batter at bot. of key (BTRK)

Structure coordinates:

® (ft) y (ft)

.00 745.25
.00 748.50
6.00 748.50
6.50 758.25
7.50 758.25
7.50 748.50
11.00 748.50
11.00 747.25
1.50 747.25
1.00 745.25

Time: 10.16.16

«28 Tk

9.75 ft

NOTE: X=0 is located at the left-hand side

of the structure.

to the actual elevation used.

Structural

property data:

Unit weight of concrete =

.150 kef

Driving side soil property data:

Phi

Moist
c Unit wt.

Saturated
unit wt.

Delta

.00 ft
.50 ft

.00 ft
.25 ft
.00 ft
w25 £t
.50 ft
.00 ft
.00 ft
.00 ft
.00 ft
«50 £t

The Y values correspond

Elev.
soil



(deg) (ksf)

(kcf) (kcf) (deg)  (ft)

.00/ 600" .110

Driving side soil

Soil
point

Batter
(in:1ft)

« 115 .00 752.17

geometry:

Distance
(ft)

1 .00
2 .00
3 .00
Driving side soil

Soil b
point (ft)

500.00
.00
500.00

profile:

Yy
(ft)

1 -1493.81
2 6.19

752,17
752.17

Resisting side soil property data:

Phi c
(deg)

Saturated Elev.
unit wt. soil
{kef) (ft)

Moist
Unit wt.
(kef)

>

Batter
(in:1ft)

.00 v~

.110 11 ) 751.67 .00

Resisting side soil profile:

Soil X
point (ft)

Y
(ft)

1 7.50
2 507.50

751.67
751.67

Foundation property data:

phi for soil-structure
c for soil-structure interface
phi for soil-soil interface

c for soil-soil

Water data:

Driving side elevation
Resisting side elevation
Unit weight of water
Seepage pressures computed

.00
.300
.00
. 600

interface (deg)
(ksf)
(deg)

(ksf)

[

interface

758.25 ft
751.67 ft
.0624 kcf
by Line of Creep method.

Minimum required factors of safety:

Sliding FS =
Overturning =

Crack options:

1..:33
75.00% base in compression

o Crack *is* down to bottom of heel
© Computed cracks *will* be filled with water

Strength mobilization factor =

.6667

At-rest pressures on the resisting side *are used*

in the overturning analysis.

oztfﬁ/
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Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.

*dkkk Summary of Results **x**

Project name: CID MO Closures

FhkEAhkhkhkAdhkhhhkhkdkdh * %k Satlsfled * k&
* QOverturning * Required base in comp.
HREFFREER Ak kR Actual base in comp.

Overturning ratio

Xr (measured from toe) = 2.88 ft
Resultant ratio = .2621
Stem ratio = ,3182

Base pressure at x= 8.65 ft from toe
Base pressure at toe

dhokock ok ok ok ok ok ok ko * % K Satleied * % K
* Sliding * Min. Required = T3
Fik Ak ko Actual FS = 5.89

75.00 %
78.63 %
1.:33

.0000 ksf
1.0609 ksf

Kok ok ok dkok ok ok ok ko k ok ok ok ok ok ok ok ok ok Output Results * ok ok ok ok ok ok ok Kook gk ok de ook ok ok ko ok ke

Date: **/01/17

Company name:

Project name:
CID MO Closures
Project location:

Wall location:
M10 Undrained Case, Rigid Body Analysis
Computed by: FRS

LRSS S SRS S SRR R EEE RS EEE R

** Overturning Results **
Jrode oo o de ok de ok ek e ok ek ke ke ke ok gk ok ke ke ok ok

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K B .0000
Driving side at rest Kc = .0000
Resisting side at rest K = 1.0000
Resisting side at rest Kc = 1.0000

At-rest K's for resisting side calculated.

Depth of cracking = 6.92 ft

Time: 10.16.16



Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:

Elevation Pressure
{EE) (ksf)
758.25 .0000
745.25 .8112

** Resisting side pressures **

Water pressures:

Elevation Pressure
(ft) (ksf)
T51.67 .0000
747.25 .3921
747.25 .6147
745.25 .7878

Earth pressures:

Elevation Pressure
{£1) {ksf)
751.67 .0000
747.25 L1162

Balancing earth pressures:

Elevation Pressure
(EL) (ksf)
747.25 1..3735
T45:25 1.3735

** Uplift pressures **

Water pressures:

X-coord. Pressure
(ft) (ksf)

.00 .8112

1.00 .7878

1.50 .6147

11.00 .3921

** Forces and moments **

229 /37

Part | Force (kips) | Mom. Arm | Moment
|  Vert. | Horiz. | (£t) | (ft-k)
Structure:
Structure weight........... 4.266 -5.34 -22.7%9
Structure, driving side:
Moist s0il...uie s nns .000 .00 .00



224/

Saturated. soilvuanean 5s & s 2:95712 -7.95 -20.45
Water above structure...... .000 .00 .00
Water above soil..... ¢ itE E w 2.407 —7:B83 -18.84
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 00 00

Structure, resisting side:
Moist soil........ e .000 .00 .00
Saturated seil. evis s in ina 1.276 -1.75 -2.23
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00

Driving side:
Effective earth loads...... .000 .00 .00
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loads.......... e 523 233 12.29

Resisting side:
Effective earth loads...... -.257 1.47 —~238
Balancing earth load....... -2.747 =101 2aidl
Water loads....... e -2.269 -.08 o)

Foundation:
Vertical force on base..... -4.588 -2.88 1323
RLATE o womsms we v S S -5.932 -6.10 36.21

** Statics Check ** SUMS = .000 .000 .00

Angle of base = 10.30 degrees

Normal force on base = 5.005 kips

Shear force on base = 1.882 kips

Max. available shear force = 6.708 kips

Base pressure at x= 8.65 ft from toe = .0000 kst

Base pressure at toe i 1.0609 ksf

Xr (measured from toe) = 2.88 ft

Resultant ratio = .2621

Stem ratio = 182

Base in compression B 78.63 %

Overturning ratio = 1..33

Volume of concrete = 1.05 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.

Fohk ok ohkhoh ok ok ok ok ok ok ok ok ok ok e kb R

** Sliding Results **

Frodkddokok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok

Sclution converged. Summation of forces = 0.

Horizontal Vertical



Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 5.273 2.407
3 .000 .000

Water pressures on wedges:

Top Bottom
Wedge press. press. X-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .0000 .0000
2 .0000 .8112
2 11.0000, .3921
3 .0000 .3921
Points of sliding plane:
Point 1 (left), x = SO0 £ y = 745,25 ft
Point 2 (right), x = 000 £, y = 147525 £
Depth of cracking = 6.92 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) tE£E] (kips)
1 .000 .000 .000 .000 .000
2 10.305 11.180 9.091 11.180 6.727
3 45.128 6.237 1.118 6.237 1.223
Wedge Net force
number (kips)
1 .000
2 -2.024
3 2.024
SUM = .000
B et T -
| Factor of safety = 5.887 |
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Typical Floodwall Section
Assumptions Taken from Record Drawings File No. A-10-1176

1. The length of the base in bearing compression must be less than (D+E+F+G+H). Otherwise, the bending

moment, M, will be incorrect.

2. Equations in this file are established for a horizontal footer with uniform thickness.

3. Resisting Side Water EL is the EL of the top of resisting grade.

4. Temperature and Shrinkage steel assumed sufficient.

Floodwall Analysis
M10 - Existing - Undrained Rigid Footer
Concrete Strength Check.xmcd
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Variables
Xip,= 10001b pIf := % psf = l—bz ksf = walb psi = —IEZ- ksi = 10.0(2}lb Rl i= E;*
ft ft in in ft
CTWALL INPUT FILE NAME: M10UNR.OUT
Elevation of top of stem (ELTS)...........oooooviveeeeeeeeeeeeeeeeeee ELTS := 758.25ft
Height of stem (HTS)....ccuimvmmunnnaninnsmrsnssns HTS := 9ft + 9in
Thickness top of stem (TTS).....covviiieiieeeeeeeeeeeeeeeeeeeeeeee TTS := 1.0ft
Thickness bottom of stem (TBS)...........c...cccovecvivvceieevceien.. . TBS := 1.5t
Dist. of batter at bot.of stem LS (TBSR)..........coeeveeieeieeeee. TBSR := 0ft

Depth of heel (THEEL)......coosusnimaunannmmunnmnns  THBERL:= 38 43
Distance of batter for heel (BTRH)......................ccocoeevveeevveeeee... BTRH = 0t *

Dt O (08 (TTOE) et 5555 e ommmnsanssxesmsssmssnmrinsssnssasss TTOE := Ift + 3in *
Width of toe (TWIDTH).........ccvmimnnmnmnmmainimonns. | TWIDTH:= 38+ 6in
Distance of batter for toe (BTRT).............ccceooeevveeveeeeceeveeeene.. BTRT = Oft *

Width of base (BWIDTH).............ccccocevveiiiviiceeececeeeve v, BWIDTH = 11£t

Depth of ke (HK). - s i s HK := 2ft + Oin *
Width:of botlom af KeyilTR): .o avusmssmme TK = Ift

Dist. of batter at bot. of key (BTRK)..........ccocooveieireeieeere e, BTRK := 0ft + 6in
Driving side soil elevation (ELSTDS)...........coooeeiiiiiieceeeieii ELSTDS := 752.17ft
Resisting side soil and water elevation (ELSTRS)........................... ELSTRS := 751.67ft
Driving side water elevation (WATELD).............ccovivioeeeeecieeein, WATELD := 758.25ft
A= WATELD - ELSTDS ,Qv:= TBS

B := HTS - (ELTS - ELSTDS) 4= TWIDTH

&= THEEL I:= TTOE + BTRT

D:=TK A= HTS — (ELTS - ELSTRS)
E := BTRK Jo;= ELTS — ELSTRS

J.:= BWIDTH - (TWIDTH + TBS + BTRK + TK) M :=TTS

* Equations in this file are established for a horizontal footer with uniform thickness.

Floodwall Analysis Page 2 of 13 1/17/2008
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Properties

A=6.08ft

B=3.67f

C=3251

Base:=D+E+F+G+H=11#

1ft

N7

)

L =658t

Soil Friction

Concrete Weight

Sat Soil Weight

Water Weight

Buoyant Soil Weight

%mvm\-—»

Tp -

N

I=317#

LAY

1.25 ft

G=151

H=35ft

Verify := if(BWlDTH = Base,"OKAY" ,"Check Dimensions")

Verify = "OKAY"

Floodwall Analysis
M10 - Existing - Undrained Rigid Footer
Concrete Strength Check.xmcd
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& := 0-deg v’
Yo = 150pcf
Yeat = 115pcf
Yy = 62.4pcf

= Ysat — Vw = 52.6-pcf

1/17/2008



’?2%—37

Pressures below were taken from corresponding CTWALL output.

_.J_;_L__.
Soil Water
PPN 77NN 77 LN s
e
— Pgp = .1162ksf P,q = 392lksf T\
Water, ‘ / I, Pyp = 6147ksf <

P, := .8112ksf/ Lpp i= 8.65ft Py = 13735kst P 3i= T878kst

Full Head of pressure
Bearing Pressure \"\T P

1.06ksf/

Upli 5y

Pl Py; = 6147ksf vV Pyg = -3921ksf

T v
Py = 0.8112ksf U2 = -7878ksf
Driving Soil Pressure at bottom of Key: Fs3 == Oksf

Driving Soil Pressure at top of footer: Driving Soil Pressure at base of footer:

B B

P4 = -P_, = 0-ksf i o 5 occdtiBi
4" B+c 3 / 5% Ban

Note, the presence of any cutoff wall could impact the uplift pressures. Reducing the uplift would cause an
uncoservative design for the heel.

Assumptions

e Concrete strengths were not specified in any of the information available and ACI
recommends the use of 3000 psi nominal concrete strengths for older concrete. As
concrete ages it continues to hydrate and gain compressive strength. FEMA 310,
Section 4.2.4.4, states, “Unless calculated otherwise the expected strength shall be
assumed equal to the nominal strength multiplied by 1.25.” Using FEMA's guidance
the concrete strength becomes 3750 psi. However, 3000 psi is used conservatively until
a reliability calculation is performed

e The Portland Cement Association pamphlet, Engineered Concrete Structures, Dec.
1997 Vol. 10 No. 3. recommends using 40 ksi yield strengths for rebar of this time

period.

Concrete Properties f' := 3000-psi Steel Properties Fy = 40.0ksi

Floodwall Analysis Page 4 of 13 1/17/2008
M10 - Existing - Undrained Rigid Footer
Concrete Strength Check.xmcd
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Load & Resistance Factor Design
Strength Reduction Factors

Load Factors
Dead and Live Load Factor
Hydraulic Load Factor

Extreme Case Factor

Slab

Uplift

Bearing Pressure, Pgp acting on the heel at
location "A"

Heel and Key Centroid

(D+E + F)-I-[#) +(C- I)-D-(E P& ED] + [@EMF + 2—35)

XH:

Floodwall Analysis

Shear Strength
Flexural Strength

. Note: Strength Reduction Factors (.85 for
Py= 1.0 shear, 0.90 for bending) and Load Factors (1.6
g = 1.0 live load and 1.3 for hydraulic structures) not

applied in analysis of existing conditions.

Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Factor EM 1110-2-2104 (3-2)

o i Short Duration (Extreme Condition) EM
T 1110-2-2104 (3-4)

’TL = 1.0
Y= 10

Reinforcement Checks © Location where moment is

taken about.

Wy =Yy (A+B)(D+E+F) i

W, =3650—
W fi

Wii=v,B(D+E+F) N

Y

W =1158.25—
ft

Drag on edge of Key due to tendency to rotate:

1
B, = [;(Ps 4+ 953)-c-wn(¢)] =0

84 := if(Lgp < BWIDTH, 5,0) = 0

G+ H
Pos = [Poyae—Prie || m——— | 43
u4 = (Pus U6)(F+G+H) U6
Pus
Ib
Pug = 50926 —
Lep1 ft
: Lpp = if{[Lgp - (G + H)] 2 0f,[Lap - (G + H)],0
QBM Bp1 = if[[Lgp ] [Lgp - (G + H)],0]
_ Lppi
Pep1 = T Ppr Ib
ft

Xy =3591t

(D+E+F)-I+(C—I)-D+£L).E

Page 5 of 13 1/17/2008
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- HEEL check (cont'd)
Heel and Key Weight

Wy = [(D+ E+F)-I+(C—I)-D+%:|-1 ;':

Uplift Centroid
le D+E+F N[

AREA CENTROID
Api=(D+E+F)Pyy Cp = D+E+F
2
F-(Pu3 - Pua)
Mt s o 2E
2 B~ 3
Ac = E{(Py3 - Pua) E
CC =F+ E
E(Py; - Py3)
L .
2 D<= + 3
Ag = D-(Pyz - Pyg) D
CE = -5' +E + F]
o D-(Py; - Pypp)
S S p
2 Cp:= [—2-—[3 +E+ F)
3
AN Cp+ AgCh+ AcC + ApCp + Ap-Cg + Ap-C
X = A+ ApCp+AcCc + ApCp + ApCg + ApCp Xy =324
AA+AB+AC+AD+ AE"'AF
Uplift on Heel Wy= Ap + Ag + Ac + Ap + Ag + Ap Wy = 3679%3
Floodwall Analysis Page 6 of 13 1/17/2008
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- HEEL check (cont'd)

Loading: Note, since the amount of base in compression is > 75%, bearing of water-side of key against soil dut to
rotation should be marginally different from counter-moment produced from sliding force on key. Water
loads on each side of key are also similar and so their effects on the heel are ignored.

Bending
P -L L
BP1 ~BP1 “BP1 D+E+F
MH = ’YL"]'H"YX'[WU'XU + > i 3 = [(WW + ws)(T) + WH'XH + ﬁd'(D +E + F)]]
Note:
1b IF:Myis<0
_ My =-6884.06-——  THEN: Steel in top of heel is in tension
Positive Sign fi
Convention kip-ft
Myg:= [Myg| M= S
P -L
BP1 ~BPI
Shear Vi = “fL"TH‘W’X'[Ww + W+ 8g + Wiy — Wy — —2——}
1b kip
Vi = 181333 Vur = | Vi Vupr =18—=
Capacity:
Flexural Capacity ) f
L5 / 2

Top Steel» AHee“ = .44% CCH] = 3.3?5{“ BOttom SteEI: AHeeIZ = .35% CCHZ = 33?51“

As1 ™= AHeell  dH1=1-CcH) As2 = AHeel2 dyp = 1-Ccpp
: A -F , AF
1
b= 12— ali=——2=  al =0.58in bg = 12— e—2Y . -046in
ft 0.85f b ft 0.85f b
. al ) a2
PMpyi= bydy Byl dm o PMppp = g A Fy| dpp —
kip- kip-ft
Mgy = 1683 =L My = 133222
ft ft
dMyy = 16.63- ———
ft
Shear Capacity
OV = dJV‘Z-b-dH]- /f‘c-psi OV = Oy 2:bdyyy- !f‘c-psi
Ib Ib
Vi = 15281 — V., = 15281 —
o cl f ¢ c2 f/
. kip
OVyy:= if (M > 0,0V, 0V4) OVy = 1528==
Floodwall Analysis Page 7 of 13 1/17/2008
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- HEEL check (cont'd)
Factors of Safety
kip-ft
Bending OMy; = 115.453--——ﬂ . oMy
1=
kip-ft MuH FS; =242
M,y = 6.88-—— 1

Checkl := if (&M > 1.5M, "OKAY" ,"NO GOOD" )

kip
Shear vy = 15'28'? e oVy
D
kip VuH
Vap = 181>

FS, = 8.43

Check2 := if(q;vH > 1.5V, "OKAY" ,"NO GOOD")

Controlling Factor of Safety
FSyy:= min(FS) ,FS,) Py = 242
Controlling Mechanism

Commentyy := if(FS] > FS,,"Shear in Heel" ,if(MH > 0,"Flexural Bottom Steel in Heel" , "Flexural Top Steel in Heel" ))

Commentyy = "Flexural Top Steel in Heel"
Key Check

Hydrostatic Load is similar to each side of key, and thus neglected in analysis.

2 2 )
_ c-n- 1 2(C-D7| . ft My >0 means water-side
M pYL‘FTH"TX.I:(PSS ) Psz)‘ 2 * 2 .(PS3 - PSS)- 3 - ft steel is in tension.
. 1 Ib _ .-
VK = YL YEX (PSS 2 PSZ)-(C D+ 3(953 = Pss)-(C -D|= —2747E Mg = |MK| =27471b

1b

: : . Vo = | Vi | =2747—

Steel in Tension: in , uk | Kl ft
AKey = 0.16? Ck=3.375in dg:=(D+E)-Cg

in

Ay .. -F a .
PR g S o hor B Ay o] B My =74l
= ostb k=0 PMy i= ¢p Agey Fy| dk — iy
Shear:
Ib
OVi = Oy-2-b-dy-[Topsi OV = 19225—
K= Py 2bdg-[fop K :

oM

FSpnsic K _ 55y Checkyyi= if(0My > 1.5Mk,"OKAY","NO GOOD" )
KM = "y

OV Checky = if(®Vk > 1.5V, "OKAY","NO GOOD" )
FSKV = —=-7 i
Yk

Floodwall Analysis Page 8 of 13 1/17/2008
M10 - Existing - Undrained Rigid Footer
Concrete Strength Check.xmed
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- STEM Check Water
Soil Water
Note:
P, = Resistive Soil pressure
present at base of stem
P.s2 = Resistive Water
pressure present at base of
Pys1 = (A+B)n, stem
1b
P, =608 — [0)
2
ft J
P..yi= —P Py =1
. : 2 1 R
Driving Soil Pressure at base of Stem: - 1+3 % ws2 v
P..1:= P4 = 0-ksf
1 4 - =
ss1 = s Pyoy = 0.08-ksf P, = 0.2ksf
in2
Waterside Steel: ASteml = .51 ? CCS] = 2.81lin dS] =G - CCS]
Resistive Side Steel: in?
Steen2 = 20
Loading: ;
Bending . ; Note:
‘ Pasi(A+B) a4 PygiB™ [Py + PwsZ)'(J ) IF: My is >0
Mg = YL YgIX . + = THEN: Riverside steel is
2 3 2-3 2-3 . .
in tension
kip-ft
Myg=92=1
Positive Sign
Convention Shear
Vo Wi Pys17(A + B) i Pgs1°B B (Pss2 * PwsZ)'(J} VLo kip
llS ¥ L' 'H X 3 2 2 uS o ﬁ
Floodwall Analysis Page 9 of 13 3/12/2008
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- STEM Check (Cont'd)

.,232%!,37

Capacity: Flexural Capacity
Asd= Astem]
in
= 12—
A ft
A -F
sy :
T — al =0.67-in
Ak 0.85f .-b
al kip-ft
OMg:= dbp A -F - d ——-] Mo =2526———
s= O Ag Fyl dgy =5 Mg a
Shear Capacity
p:=1.0
OVe = dy-A F-p = 80002 ki
S = Py Agtem2 Fy' = ﬁ dVg = ik
Factors of Safety
Bendin ip-
g Mg = 25_26.M M
fi S
FS3 = M
Mys = R us B
ft
Check3 := if(¢MS > 1.5M g, "OKAY" ,"NO GOOD" )
Shear kip
¢Vg = 3-? dVg
FS4 =
kip Vus
Yug PR FSy =3.17
Check4 := if (¢Vg > 1.5V,,g, "OKAY" ,"NO GOOD" )
Controlling Factor of Safety
FSg := min(FS;,FS;) FSq =2.75
Note: No bar cut-offs checks are made for the reliability Study.
Floodwall Analysis Page 10 of 13
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- TOE Check
v y Ve tsarHO)
Soil
Slab
€
Lgpy = if(H < LBP,H,LBP)
Lgp, = 3.5t
Bearing
Pressure
_ Lep2

Ppp; = Pgp - B —— Ib

BP Ppp = 1060—5

Ib &

ft

Ib
ft
Uplift
H
Pys = [[(Pus - PUG)’__'F T Pue]]
Ib
Pys = 474.11 =
ft

Bearing Pressure

Lsz) N (Pep - Pep2)-(LppP2) {ZLBP

(LBPZ'PBP2)'( - >
Lb =

p Pap — Prps)-(L
Lypy Pap + (Pep B;’Z)( BP2)

(Pep — Ppp2)(LBpP2)

Whp = Lp2-PRp2 +

2
Uplift H (Pus-Pus)H H
H‘puﬁ'_ F _'_2'_")—;
L,=
Pys - Pug) H

HPy + (Pus : us)

Pys - Pyg)H

Bt M

Floodwall Analysis
M10 - Existing - Undrained Rigid Footer
Concrete Strength Check.xmed
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1b
W, =1275.92 —
ft

Lpp = 27710

Ib
Wbp = 2959 —f{

L, =169t

Ib
W, =1515.87 —
fi

1/17/2008



Toe Check (continued)

Loading: Bending

M= 'YL"TH"”'X{[WS + (H 1)-%]-? - (wbp-pr + Wu-Luﬂ

kip-ft

My = -74——

E ft
ositive Sign
Convention
Shear

Vo= ‘YL'*TH'FTX'[WS + (HDYe - Wyp - wu]

kip

Vo= -2.54.—

T ft

Capacity: Flexural Capacity

2

Area of bottom (tension) steel: Aq, . := .352% Cor = 3.375in

in
Ri= 12 Asiv= AToe
A q-F
sy .
alj= ——— al =0.46-in
0.85f b

al
d}MT = ¢'B ASI ‘Fy [dT = ‘;)

Shear Capacity

OV = Gy-2-b-dy ,f‘c-psi

Floodwall Analysis
M10 - Existing - Undrained Rigid Footer
Concrete Strength Check.xmecd

Myt = |MT|

V1= |vT|

Page 12 of 13
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Note:
IF:M; <0
THEN: Bottom steel is in tension

kip-ft
M= 7.38-T
kip
Vo =254—
uT f

dp:=1-Cep = 11.63-in

_
OMr = 13‘37-%

kip
d)VT = 15.28-?

1/17/2008



Toe Check (continued)
Factors of Safety
Bending kip-ft
OMyp= 1337 —— M
FSS = M
kip-ft uT
Myt = 7.38-T

Checks := if (¢M > 1.5:Mp, "OKAY" ,"NO GOOD" )

Shear i
oV = 15,2852 OV
ft FSg =
kip Vur
VuT = 2.54-—ﬁ'

Check6 := if($V > 1.5V, 7, "OKAY" ,"NO GOOD" )

Controlling Factor of Safety

FS:= min(FSs,FSg)

End of Analysis

Floodwall Analysis Page 13 of 13
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FSS = 1.81

FSg = 6.01

FSp=1.81

1/17/2008



CID Missouri 2'%f/4~"’
R . Comp by: Sheffield 37
m Monolith 10 Stoplog Gap Chkd by: K. Marx 9/22/1i
Analyzed at Top of Footer
US Army Corps . :
of Engineers. Kansas Citys Levees

- Guide Post Strength Analysis

Water Yy = 62.4pcf
Tributarv lenath of load,
i 24.02ft Note: Soil on Dwgs show same EL
e WS each side. For Reliability, No Passive

is considered as is no deviation from
surface profiles. Thetefore soil loads
Width of section, b := 24in are equal and opposite and ignored.

Width for shear, bg := 17in

Depth of Section, D:= 30in

Height of water resisting:

Hyp = 3ft + 2in

Height of water driving: Soil Water

Hy := 6ft + 7in

Note: Vertical Cracks are
assumed on each side of Guide
Post, reducing sill's ability to
resist load.

Full Height of Guide:
Hy, = 9ft + 9in [0

Resistance at Footer:

Wi = (Hw1 "\'w‘B)

Wy = 4934.-plf

4No7 A= 24lin’ W0 = 395-pif

1 | [
Ci=2In¥=in+*=il=lindi=D-C 6 No 4 Area of dowels, A, = 1.]8in2
1 2 ) 8 1 1 '}
dj = 27.0625in

Stoplog Analysis
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Assumptions = / &

¢ Concrete strengths were not specified in any of the information available and ACI recommends the use of 3000 psi
nominal concrete strengths for older concrete. As concrete ages it continues to hydrate and gain compressive
strength. FEMA 310, Section 4.2.4.4, states, “Unless calculated otherwise the expected strength shall be
assumed equal to the nominal strength multiplied by 1.25." Using FEMA's guidance the concrete strength
becomes 3750 psi. However, 3750 psi is only used for the median strength in reliability calcs; 3000 psi is used for
the following initial calculations.

e The Portland Cement Association pamphlet, Engineered Concrete Structures, Dec. 1997 Vol. 10 No. 3.
recommends using 40 ksi yield strengths for rebar of this time period.

Concrete Properties fc == 3000-psi

Steel Properties Fy = 40.0ksi Eg := 29000ksi

Load & Resistance Factor Design

Strength Reduction Factors:

1l
—_—

Note: Strength Reduction Factors (.85 for shear, 0.90 for
bending) and Load Factors (1.6 live load and 1.3 for hydraulic
structures) not applied in analysis of existing conditions.

Shear Strength Ve

[}
—t

Flexural Strength og:

Load Factors:

Dead and Live Load Factor = 1.0 Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Load Factor Y= 1 Hydraulic Factor EM 1110-2-2104 (3-2)

Extreme Case Factor Yx = 1.0 Short Duration (Extreme Condition) EM 1110-2-2104 (3-4)

All set to equal one for existing conditions reliability analysis

Stoplog Analysis
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- Flexural Check of Stop Log Guide

DEMAND
Bending:
1 Hw1 1 2 1 3 1 2
My =YY 5 Wwtr Hwt |5+ (Hw - Hw1) + > Hw1 B (Hw —Hwq) + '(Hw - Hw1) TP - = Ww2-Hw2
2 3 2 6 6
M, = 91.2-kip-ft
Shear:
1 1 1 2 .
Vy= 'YL'7H"1X'|:E W1 Hwq = 5 W Hyp + Hyyg Yw(Hw ~ Hw1) b+ 5‘(Hw - Hy1) ‘Ww‘b] Vy = 18.8419-kip
CAPACITY
Flexural Capacity (of tension steel only):
For fy = 40,000 psi and f'c = 3,000 psi:
1 ;
roey, := 0.0371 r0€max ‘= = f0€p = 0.0186 roemin = 0.0050 Note: Compression
2 steel is ignored
since p < 0.75 p,
A
roe := —— =0.0037
b-dj

Check Steel Ratios (0 is a false Statement, 1 is a true Statement):

P83 08 in =0 Not Good; however, requirement need not be met if As provided is at least one-third

greater than required. So for flexural capacity, 3/4 factor will be applied.

roe < roepa, =1 OK
Calculate Capacity:
pacity A Fy
a:=———=15752-in
0.85-f5-b
M,. : 21| = 1583064 kip-ft
oM, = ¢p- ZAle' d - 2|~ 158.3064-kip- 3/4 As is used since p, is not met.

Stoplog Analysis
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- Flexural Check of Stop Log Guide (cont'd)

Shear Capacity: p:= 1.0 For Concrete placed against roughened concrete.

OV = %-(Av'Fy'“) = 47200 Ibf &V, = 47-kip

FACTORS OF SAFETY
Bending:

¢M, = 158.3064 kip-ft

My, = 91.1845 kip-ft

oMy,
FSgi=—— =17361  Check = if(FSg > 1.5, "OKAY","NOGOOD") ~ FSg =17
MU

Shear:

OV, = 47.2-kip

V,, = 18.8419-kip

oV

n
FSy = —— Checkl = if(FSy > 1.5, "OKAY" , "NO GOOD" ) FSy = 2.5051
u

Controlling Factor of Safety
FSg := min(FSg, FSy) Fagi=1L7

Stoplog Analysis



US Army Corps
of Engineers.

2857/,
CID Missouri Comp by: Sheffield A37

Monolith 10 Stoplog Gap Chkd by: K. Marx 4/z6/

Kansas Citys Levees

- Guide Post Strength Analysis

. Water Yw = 62.4pcf
Tributarv lenath of load,
B 24.02ft Note: Soil on Dwgs show same EL
G each side. For Reliability, No Passive
Depth of Section, is considere_d asis no deviatio_n from
N surface profiles. Therefore soil loads
Width of section, are equal and opposite and ignored.
Width for shear, b_ := 17in
. Height of water resisting:
Height of water driving: Soil Water
HW2 = Oﬂ
Hyq = 6ft + 7in
Note: Width of reinforced sill is
assumed to strengthen
abutment such that its small & o b
height and additional load will Ww2 = Fw2 Yw
not control.
W1 = Hy1 Y B
Wy = 4934-plf
Note: Compression
4No7 Al= 2.41in° steel is ignored .
since p < 0.75 p, Area of stirrup, A, := .20in"-2
1 ) B s '
Cq:=2in+—in+ —-| —[in Stirrup spacing, s, := 12in
1 g (s) % Se
dj:=D-Cy
d; = 27.0625-in
S £ ‘de:
2 L e erepe
2L TrE VGG Y
IR 1OV x Va3 ~-Gla* 2+-g°
JE-2x g 0" sfrap anchors &20%c I
"'H.'{‘ - Strap enchors
Land side :‘E_ ;io’@;og v& N - e e
_dwsly 9y
NN

River side

Stoplog Analysis
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18° 800z copper sealing strip
& J2¥ joint Filler.

From Record Drawings
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Assumptions A’ 37

e Concrete strengths were not specified in any of the information available and ACI recommends the use of 3000 psi
nominal concrete strengths for older concrete. As concrete ages it continues to hydrate and gain compressive
strength. FEMA 310, Section 4.2.4.4, states, “Unless calculated otherwise the expected strength shall be
assumed equal to the nominal strength multiplied by 1.25." Using FEMA's guidance the concrete strength
becomes 3750 psi. However, 3750 psi is only used for the median strength in reliability calcs; 3000 psi is used for
the following initial calculations.

e The Portland Cement Association pamphlet, Engineered Concrete Structures, Dec. 1997 Vol. 10 No. 3.

recommends using 40 ksi yield strengths for rebar of this time period.

Concrete Properties f := 3000-psi

Steel Properties Fy = 40.0ksi Eg := 29000ksi

Load & Resistance Factor Design
Strength Reduction Factors:

Shear Strength by =1 Note: Strength Reduction Factors (.85 for shear, 0.90 for
bending) and Load Factors (1.6 live load and 1.3 for hydraulic

Fisual Stenath Pp=1 structures) not applied in analysis of existing conditions.

Load Factors:

Dead and Live Load Factor Y= 1.0 Load Multiplication Factor EM 1110-2-2104 (3-1)
Hydraulic Load Factor Yy=1 Hydraulic Factor EM 1110-2-2104 (3-2)

Extreme Case Factor Yx = 1.0 Short Duration (Extreme Condition) EM 1110-2-2104 (3-4)

All set to equal one for existing conditions reliability analysis

Stoplog Analysis
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- Flexural Check of Stop Log Guide /F} 7
DEMAND

Bending:
. 1 Hwt 1 Hw2 :
Mu =T | 5 Wt Pt~ = 5 Wz = My = 35.6-kip-ft
Shear:
1 1
Vu= ‘YL"TH'WX'(E Wy -Hyq - ‘Z"sz""wz] Vy = 162401 kip
CAPACITY

Flexural Capacity (of tension steel only):
For fy = 40,000 psi and f'c = 3,000 psi:

1 :
roey, := 0.0371 ro€max = = ‘Toep = 0.0186 roemin := 0.0050 Note: Compression
2 steel is ignored
since p < 0.75 py,
Aj
roe := —— = 0.0037
b-d;

Check Steel Ratios (0 is a false Statement, 1 is a true Statement):

roe > roe... =0  Guide Post does not meet Minimum Steel Ratio, p,;, thus should the section crack,

min =
immediate failure may occur!
roe < roe g, = | OK

Calculate Capacity:
Al Fy

a:= ———— = 1.5752-in
0.85-f-b

a
oM, = bp -|:A1 Fy-(dl - EH = 211.0752kip-ft

Since p i, is not met, compute ¢M,, based upon Unreinforced Section (ACI 22.5):

b.D’ 3

S, = — =3600-in
6

m

OMpi= 5-.[Fopsi-Sp, = 82.1584 kip ft

Stoplog Analysis



28
- Flexural Check of Stop Log Guide (cont'd) = / 43 7

Shear Capacity:
: Av-Fy-dl
OV, = dy| 2:bg-dy- [Fo-psi + ——;S— dV,, = 86-kip
FACTORS OF SAFETY
Bending:

OM,, = 82.1584 -kip-ft

M,, = 35.638-kip-ft

oM,
FSg = -— Check = if(FSg > 1.5, "OKAY" , "NO GOOD") FSg=23
u

Shear:
oV, = 86.4807-kip

V,, = 16.2401 kip

A

FSy = —— Checkl = if(FSy > 1.5, "OKAY" ,"NO GOOD" FSy = 5.3251
u

Controlling Factor of Safety

FSg := min(FSg, FSy) FSg =23

Stoplog Analysis
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(EID Missouri Comp b‘f': Sheffield
: Monolith 10 Stoplog Gap Chkd by: K. Marx 9/2g/n
US Army Corps Sill Analysis
ot Engliesrs. Kansas Citys Levees

Analysis will be performed on a per foot basis. Soil on Dwgs show same EL each side. For Reliability, No Passive is
considered as is no deviation from surface profiles. Therefore soil loads are equal and opposite and ignored.

Depth of Section, D := 30in Yy = 62.4pcf
Heightto top of sill: .
. 10"
Hy1 = 6ft + 7in Wiy1 = Hy1 Yy = 410.8-psf 2ot prpy s
Height of sill: Lewen.
hSi" = 3ft+ 2in

HT = HW1 + hSi” =9.75ft yer@/5"0.c

el

2¢0;r’.¢_3c 3-2°

Wy T = H-|--'\r\'.ﬁIr = 608.4-psf

5 Note: Compression
No4 @ 12" OC Al = 0.20in steel is ignored
since p < 0.75 p,,

1 1 (4 From Record Drawings
Cqy=2in+ —in+ —-| — [in File No. A-10-1176
; " Al f dowel
rea of dowels, "
d;:=D-Cy4 dy =27.25-in ) No4 @ 12" OC
A, := .20in

Assumptions

* Concrete strengths were not specified in any of the information available and ACI recommends the use of 3000 psi
nominal concrete strengths for older concrete.

+ The Portland Cement Association pamphlet, Engineered Concrete Structures, Dec. 1997 Vol. 10 No. 3.
recommends using 40 ksi yield strengths for rebar of this time period.

3000-psi

Concrete Properties f'c ;

I

Steel Properties F. -

y: 40.0ksi Eg := 29000ksi

Load & Resistance Factor Design
Strength Reduction Factors:

Shear Strength VE

Il

Note: Strength Reduction Factors (.85 for shear, 0.90 for
bending) and Load Factors (1.6 live load and 1.3 for hydraulic

Flexural Stength Pyl structures) not applied in analysis of existing conditions.

Load Factors:
N = 1.0 Load Multiplication Factor EM 1110-2-2104 (3-1)

Yy =1 Hydraulic Factor EM 1110-2-2104 (3-2)
Yy = 1.0 Short Duration (Extreme Condition) EM 1110-2-2104 (3-4)

Dead and Live Load Factor
Hydraulic Load Factor
Extreme Case Factor

All set to equal one for existing conditions reliability analysis

Stoplog Analysis



- Flexural Check of Sill: 3%/ A437

DEMAND

Bending:

Hy - Hypq)? Hy - Hyq)

( 3 w1) 1 ( T~ w1) ) .
MU =Y WW1 “‘—2— + E -(WWT = WW1)-f -12in Mu = 2‘4-k|p-ft
Shear:

1 1 . .

V= 'TL"*H""X'(E W, Hr - E-Ww1 -Hw1]-12m Vu =1.6137 kip
CAPACITY

Flexural Capacity (of tension steel only):
For fy = 40,000 psi and f'c = 3,000 psi:

roey, := 0.0371 ' r0€max = l-roeb =0.0186 r0€pmin = 0.0050 Note: Compression
2 steel is ignored
since p <0.75 py,
Al
roe ;= — = 0.0006
12in-d,

Check Steel Ratios (0 is a false Statement, 1 is a true Statement):

roe > roein =0 Not Good; however, requirement need not be met if As provided is at least one-third
greater than required. So for flexural capacity, a 3/4 factor will be applied.
roe < roeq .. =1 OK

Calculate Capacity:
Al Fy

ai= ————— =0.2614-in
0.85-f-12in

3 a ,
oM, = op '[Z A;Fy-(d] - 5)] = 13.5596 -kip-ft

Stoplog Analysis
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- Flexural Check of Stop Log Guide (cont'd)

Shear Capacity: pe= 1.0 For Concrete placed against roughened concrete.

OV, = d)v.(Av‘Fy-u) = 8000 Ibf dV,, = 8-kip

FACTORS OF SAFETY
Bending:

®M|, = 13.5596 -kip ft

M, = 2.39-kip-ft

oM
FSg:= b
My

Check = if(FSg > 1.5, "OKAY" , "NO GOOD") FSg =5.7

Shear:

OV, = 8-kip

V,, = 1.6137-kip

oV

n
FSy = —— Checkl:= if(FSy > 1.5, "OKAY", "NO GOOD") FSy =4.9574
u

Controlling Factor of Safety
FSg := min(FSg, FSy) FSg=5

Stoplog Analysis



	Chapter A-12 General Structures.pdf
	General Structures Exhibits
	General Structural Exhibits CID
	Exhibit 1: Spread Footing Floodwall Sample Calculations
	Exhibit 2: Pile Foundation Floodwall Sample Calculations
	Exhibit 3: Gatewell Sample Calculations
	Exhibit 4: Stoplog Gap Sample Calculations

	A12-Structural-General.pdf
	A-12.1 Structural Analysis Methodology
	A-12.1.1 Introduction
	A-12.1.2 Deterministic Design Criteria
	A-12.1.2.1 General Assumptions
	A-12.1.2.2 Stability and Pile Capacity Requirements
	A-12.1.2.3 Strength Requirements
	A-12.1.3 Structural Reliability Methodology (existing structures only)
	A-12.1.4 Deterministic Criteria (existing structures only)
	A-12.1.5 Reliability Analysis (existing conditions only)
	A-12.1.5.1 Risk Calculation
	A-12.1.5.2  Structural Material Properties
	A-12.1.5.3 Soil Material Properties
	A-12.1.6 Structural Analysis
	A-12.1.6.1 Floodwalls on Spread Footings
	A-12.1.6.2 Floodwalls on Piles
	A-12.1.6.3 Stoplog and Sandbag Closure Structures
	A-12.1.6.4 Pump Stations
	A-12.1.6.5 Gatewells, Reinforced Concrete Boxes, and Drainage Structures

	A-12.2 Structural Considerations in Raise Alternatives
	A-12.3 Example Calculations




