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Chapter A-15 
CID-MO Structural Analysis 

 

A-15.1 Overview 
This chapter addresses the structural features (floodwalls, gatewells, and closure 

structures) for the Missouri Central Industrial District (CID-MO) unit which includes 
existing conditions only because a raise is not being pursued at this time.  The existing 
condition evaluation includes assigning reliability to the structures and recommending 
remedies if required.  Elevations reference the NGVD29 datum as information was 
obtained from record drawings.  For general structural methodology refer to the general 
structural chapter. 

A-15.2 Assumptions  
See the General Structural chapter for general KC Levees Structural Feasibility 

Assumptions.  The following assumptions are in addition to those general assumptions, 
applying specifically to the CID Missouri Unit.  

1.  To assess flexible behavior of a closure’s pile cap and localized load effects on 
piles, a simplified torsional analysis is considered sufficient for the current scope and 
budget.  A finite element model is required for more precision, and confidence in 
decisions regarding the reliability of the structures.  A maximum width of 4 ft, centered 
about each abutment, was selected due to pile spacing, concentrated loads at the 
abutment, minimum horizontal steel, and the absence of torsion reinforcement.  Using a 4 
ft width assumes rotation so that torsion is minimized (note, torsion reliability, with 
respect to ¼ τcr, was less than 99.8% for water at top of the wall).  The abutment width is 
only 2.5 ft wide, and placement of primary reinforcement was limited to within the 
abutment width.  Considering sill heights, footer thicknesses, and that torsional reliability 
was near 99%; however, distribution of stresses beyond the 2.5 ft width is reasonable. 

2.  Due to smaller geotechnical strengths, only the long-term load case of the 
seemingly critical closure and floodwall was analyzed with consideration of pile 
strengths. 

3.  The footer’s heel and toe maximum moments occur at the stem. 
4.  Loads are capable of distributing throughout the pilecap for a width of 4 ft, 

centered about the abutments.  It is noted that the rebar detailing has primary steel only 
under abutment (typically 2 ft 6 in).  USACE program CPGA was used to analyze the 
pile forces, which assumes a rigid cap. 

5.  The pile cap under the closure width is adequate for strength and in good 
condition. 

6.  For a consistent risk and economic comparison with other units’ T-wall results, 
axial tension in the heel of T-walls was not analyzed, shear and flexure in the floodwall 
keys were not analyzed, and shear friction at construction joints with only residual rebar 
capacity not used to resist bending was not checked. 

7.  Heels of T-walls were analyzed without contribution of key forces producing a 
pure moment into the heel.  This moment is usually small in comparison with heel forces.  
Also, the heel was analyzed for net vertical pressures only. 
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8.  Based on closure structure analysis, the following checks were not performed 
on the floodwalls because they proved not to control for the closures, therefore likely not 
control for the floodwalls:  tension pile embedment, punching shear of pile through pile-
cap, vertical and horizontal bearing of pile and pile-cap, spread footer stability with short-
term strengths, horizontal shear in pile-cap (at sheetpile) and horizontal shear in all piles. 

9.  For a consistent risk and economic comparison of gate well stability 
calculations with other units’ results, a portion of soil skin friction is assumed aiding in 
the resistance of flotation.  A crack is assumed in the top five feet of soil, which 
eliminates any contribution of the soil in resisting uplift. 

 
 

A-15.3 Soil Material Properties 
The expected soil properties used for the CID-MO calculations are located in 

Table A-15-1  These values were used for general soil properties in the structural 
calculations. The allowable bearing capacity values were used in the structural 
calculations and was arrived at by dividing the Ultimate Bearing Capacity from the table 
below by the factor of safety listed.  Soil to structure friction and cohesion interaction 
was typically neglected for stability and strength calculations.  However, for gatewells 
and spread footing founded floodwalls, this behavior was considered under geotechnical 
guidance.  

 Embankment Fill/Debris Foundation Blanket Foundation 
Sand 

Friction Angle 
(drained shear 

strength) 
29o 20o 22o 30o 

Cohesion - - - - 

Moist unit wt. 115pcf 110pcf 110pcf 115pcf 

Saturated unit wt. 120pcf 115pcf 115pcf 120pcf 

Wall friction 
coefficient 

(used in gatwell 
uplift) 

0.25 0.25 0.25 0.25 

Ultimate Bearing 
Capacity – 

compression (psf) 
FS=1.7 (Extreme 

Loading Condition) 

  

3,400 (Sta 0+00 to 7+00) 
3,610 (Sta 7+00 to 7+50) 
3,663 (Sta 7+50 to 10+25) 

40,000 (Sta 10+25 to 23+00) 

 

Table A-15-1: CID-MO Soil Properties 
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A-15.4 CID-MO Existing Conditions 

A-15.4.1 Floodwalls Existing Conditions 
Floodwalls on the CID-MO unit consist of spread footing floodwalls and pile 

founded floodwalls.  For each of these types of walls the existing condition was 
evaluated. The evaluation entailed analysis of existing reliability and recommending 
solutions for any existing condition deficiencies.  See the structural analysis appendix 
chapter for further information on reliability analysis.   
 
The existing CID-MO floodwalls are as follows: 

• Sta. 0+00 to 22+31.71 spread footing floodwall constructed in 1947. 
• Sta. 22+81.46 to 78+12.22 pile foundation floodwall constructed in 1947. 
This does not include walls that are part of a closure structure (see closure structures 
section).  The floodwall is interrupted in locations where the wall ties into bridge piers 
or roadway ramp.  The floodwall ties into existing ground at Sta. 0+00 and ties into an 
earthen levee at Sta. 78+12.22. 

 
 The soil elevations both landside and riverside of the wall for the majority of the 
walls were field verified and where there were differences, the field noted elevations 
were used in the analysis.   

 
 Clarification to pile details on the drawings - The record drawing (A-10-825) 
shows only 18” square piles with and without tapers and the precast concrete sheet pile 
section.  The last revision date on that sheet is 6/23/1947.  Another drawing that 
apparently preceeded the record drawing shows 16” and 18” square piles without tapers 
and the precast concrete sheet pile section.  All other drawings in the record drawings (as 
builts) show that there are 16” and 18” piles that were used – including the driven pile 
lengths listed on record drawing A-10-1178.  So the following assumptions were made 
for the feasibility analysis: 

1. 16” piles not tapered and as detailed 
2. All 18” piles tapered – looking at 21’ long pile (each type wall has at least 1 

monolith with the 21’ long piles) (therefore used 15”x15” dimensions for 
properties –because of taper) 

3. used the precast sheet pile as detailed on the record drawings 
The controlling probability of failure results for the spread footing walls is based on 

the controlling walls; “12ft” wall for strength reliability (wall between Sta 0+00 to 
3+49.16) and “Especial” wall (wall between Sta. 20+23.77 and 20+65.77)for sliding 
reliability.  The controlling probability of failure results for the pile footing walls is based 
on the wall “R” (wall between Sta. 22+81.46 to 24+54.76) which controlled for pile 
geotechnical compression capacity.  The pile capacities changed very little as the water 
level lowered down the wall, so the probability of failure analysis assumed the same pile 
capacity at each location. 
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A-15.4.1.1 Floodwall Existing Conditions Summary 

0+00.00 to 3+49.16 12' 72% 3.2 1.1 0.9 Flexural Bottom 
Steel in Toe

86% reliability 
for strength 
calculated

4+09.81 to 7+03.97 11' 83% 3.3 1.0 1.6 Flexural Bottom 
Steel in Toe

7+03.97 to 7+45.97 13' 100% 3.3 2.6 1.1 Flexural Top Steel 
in Heel

7+45.97 to 8+29.97 15' 95% 2.8 1.4 1.1 Flexural Top Steel 
in Heel

8+29.97 to 11+93.90 16' 68% 2.2 0.9 1.1 Flexural Top Steel 
in Heel

11+93.90 to 13+61.90 L (Monolith 29) 90% 21.6 2.5 2.0 Flexural Bottom 
Steel in Toe

13+61.90 to 14+45.90 M (Monolith 31) 100% 22.3 3.3 2.2 Flexural Bottom 
Steel in Toe

15+19.77 to 16+87.77 J (Monolith 34) 77% 19.3 2.4 1.8 Flexural Bottom 
Steel in Toe

16+87.77 to 18+13.77 H (Monolith 38) 80% 22.4 2.2 1.9 Flexural Bottom 
Steel in Toe

18+13.77 to 18+97.77 G (Monolith 40) 61% 20.4 1.7 1.9 Flexural Bottom 
Steel in Toe

18+97.77 to 19+39.77 F 33% 12.1 1.6 1.5 Flexural Bottom 
Steel in Toe

19+39.77 to 20+23.77 Fspecial 0% 0.0 0.4 2.2 Flexural Riverside 
Steel in Stem

20+23.77 to 20+65.77 Especial 0% 0.0 0.0 2.0 Flexural Bottom 
Steel in Toe

0% reliability 
for sliding

20+65.77 to 22+31.71 E (Monolith 47) 0% 0.0 0.7 1.6 Flexural Bottom 
Steel in Toe

CID-MO FLOODWALLS - Spread footing Floodwalls                                                                           
Existing Conditions with Water to Top of Wall

Station Wall Type

Factors of Safety

Comments
OVERTURNING        

% Base in 
Compression 
(25% Req'd)

BEARING          
(2.0 Req'd)

SLIDING         
(1.3 Req'd)

STRENGTH      
Wall/ Heel/Toe

(1.5 Req'd)
Mechanism

 Table A-15-2: CID-MO Existing Spread Footing Floodwall Conditions 
 

Comments

STRENGTH           
(1.5 Req'd)

STRENGTH           
(1.5 Req'd)

R 1.4 5 9.1

tension

11.4 0.94

compression

96% reliability 
calculated for 
concrete pile 
geotechnical 
compression 

capacity
Q 2.0 2.2 2.7 tension 4.0 1.23 compression

Q-Monolith 54 1.2 2.4 1.2 tension 4.3 0.90 compression
P 2.1 7 12.4 tension 7.4 1.54 compression
N 2.2 2.2 3.4 tension 5.1 1.01 compression

S 1.0 3 14.7
tension

19.4 1.46
compression

93% reliability 
calculated for heel 

strength

Geotech allowable Axial 
Compression and Tension loads             

(1.0 required)

Geotech allowable Axial 
Compression and Tension loads               

(1.0 required)

CID-MO FLOODWALLS - Pile Foundation Floodwalls - Existing Conditions with Water to Top of Wall

Wall Type

Factors of Safety

STRENGTH          
Wall/ Pile Cap

(1.5 Req'd)

Concrete Sheet Piling Concrete Pile

Table A-15-3: CID-MO Existing Pile Footing Floodwall Conditions 
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A-15.4.2 Floodwall Structures Remediation 

As a result of the findings noted in the floodwall existing conditions analysis, repair is 
recommended for approximately 292-feet of flood wall (between Sta 19+39.77 and 
22+31.71).  A preliminary recommended repair may be to: 

1. reconstruct the heel key by demolishing the end of the heel at the existing 
unreinforced key 

2. extending the heel key approximately 1-foot deeper than the existing key 
depth (total key depth of 2-feet) and reinforcing the key for E Special and F 
special walls 

3. extending the heel approximately 2 feet riverward and constructing a new 
reinforced key approximately 4-feet.   

This repair will allow the key to be considered for sliding resistance for the stability of 
the floodwall.  
 
The 12-foot spread footing floodwall has a reliability of 69%.  The analysis was based 
upon the maximum exposed stem height based upon field verified measurements.  Much 
of the 12-foot wall has much less exposed stem since it is near the end of the protection 
where the groundline tapers up to the top of the wall (see record drawings).  That coupled 
with a reasonably high reliability when water is to the top of the wall and the fact that 
once water is 1-foot down from the top of the wall, reliability is 98%, results in low risk 
of failure of the existing 12-foot spread footing floodwall.  Similar results can be 
expected at the other walls with a low strength factor of safety.  Some additional 
measures may be needed to address sliding in the area from Sta. 0+00 to 11+93, but they 
are expected to be minimal in nature.  

A-15.4.3 Drainage Structures Existing Conditions 

The structural section of the Engineering Appendix for the Kansas City, Missouri 
and Kansas City, Kansas Flood Protection Project contains an evaluation of the existing 
gatewells’ abilities to meet Nominal 500 yr flood event.  The three CID-MO gatewells 
and one manhole were analyzed with water to top of levee (worst case) only to 
determine their reliability for strength and flotation.  The results of this analysis are 
shown in Table A-15-4. 

The three gatewells and one manhole along the CID-MO unit were analyzed for 
flotation and strength requirements to determine if the gatewells could withstand water 
seepage pressures (HGL’s) with water to top of flood walls.  Results are summarized in 
Table A-15.4.  All values are based on the nominal 500 yr or water to top of levee (worst 
case).                         
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Existing Conditions with Water to Top of Protection
HGL's From Geotech May 2011

Station

Flotation 
Factor of 

Safety       (>1.1 
Req'd)

Strength Factor of 
Safety                  

(>1.5 Req'd)

Controlling 
Structural 

Mechanism

Assigned 
Reliability 

(%) Comment

14+97 (GW) N/A 1.4 Wall Bending 99.86

The bottom of GW is the floodwall toe, 
therefore uplift is not analyzed.  The 
floodwall stability is analyzed seperately.

14+99 (MH) 1.9 16.1
Base Slab 
Moment N/A

MH is 38.5' upstream of the gatewell, 
Line of Creep Method used for uplift 
pressures.

24+76.9 1.3 2.0 Wall Bending N/A

HGL change.  Gatewell is attached to 
Broadway pump station. Uplift not a 
concern.

41+84.9 1.3 2.9
Base Slab 
Moment N/A

No Change from previous HGL estimate.  
Gatewell atatched to floodwall, uplift not 
a concern.

52+85 N/A N/A N/A N/A

Gatewell removed and rebuilt in Santa 
Fe Pump Station (Sheet #7, A-10 -1617)  
Gatewell should be analyzed in unison 
with the Pump station.

 Table A-15-4: CID-MO Existing Gatewell Conditions 
 
 
Gatewell at Sta. 14+97 showed a 1.4 factor of safety for wall flexure, slightly less than 
the minimum requirement of 1.5.  A probability of failure (POF) analysis was conducted 
which resulted in the wall being 99.86% reliable for strength.  Flotation was not analyzed 
for this gatewell because the bottom of the gatewell is the toe of the floodwall.  The 
floodwall stability was analyzed separately.. 
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A-15.4.4 Closure Structures Existing Conditions 
 

There were seven closure structures analyzed for the feasibility study: 1) M10 
(STA 5+23.95), 2) M18 (STA 8+67.90), 3) M32 (STA 14+80.09), 4) M145 (STA 
63+15.28), 5) M 158 (STA 68+90.14), 6) M162 (STA 70+70.66), and 7) a levee closure 
(STA 80+18.62).  The FS results from the deterministic analysis of key structural 
components are summarized in the table below.  Pertaining to pile-founded closures 
(M145, M158, M162, and the Levee Closure), considering a simplified approach to 
qualify torsion, the geotechnical pullout strength of the tension piles (precast sheetpile) 
was critical.  Reliability is 36% with water elevation at Tow of Wall (TOW); 85% with 
water elevation at 1’ below TOW; and 99.5% with water elevation at 2’ below TOW.  
With water elevation below 2 ft from TOW, the reliability is considered 99.8%.  M145 
was the most critical of all the pile-founded monoliths, and its results were used to 
establish POF plots vs water elevation for all closures. 

 
Since the closures were not found 99.8% reliable, without adjustment for structure 

degradation, a review in original design assumptions was performed.  Like the present 
analysis, it seems that the original designers included water level to top of the wall.  
Unlike the present analysis, the original designers apparently only used undrained 
geotechnical strengths for the pile capacities (whereas the feasibility study included lower 
drained strengths), considered the closure’s pile caps as rigid (whereas torsion was 
qualified in the feasibility study), but very conservatively ignored any efficiency of the 
cutoff wall to mitigate seepage and uplift pressures (whereas the cutoff wall efficiency 
was assumed 50% in the feasibility study). 

 
Setting aside remediation measures that may be borne out of the results from the 

feasibility analysis, the following recommendations are made in light of the site visit and 
analysis: 

1. Most closures need maintenance at the abutments, including cleaning and painting 
embedded steel. 

2. If possible, inspect pile caps for cracks and corrosion of rebar, and repair if 
necessary. 

3. Inspect timber stop logs and repair/replace if needed. 
4. Seal cracks and joints with appropriate sealant for exposed conditions and 

movement of concrete. 
5. Should a finite element model, or other more detailed analysis, be performed, it is 

recommended that a 5% to 15% reduction in strength capacity be applied given 
the observations made during the site visit.  Site visit observations can be found in 
the appendix with closure structure calculations.
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A-15.5 RCBs and Pipes Associated with Gatewells 
 

There was no analysis done on the CID-MO pipes associated with the gatewells because 
there is no future conditions analysis (raise) for this unit.  Existing pipes are assumed to 
be functioning at current state. Inspections and maintenance will be required for upkeep 
to system.  The levee sponsor is responsible for maintaining all structures per the O&M 
(Operation and Maintenance) Manual.   

A-15.6 References: 
1. CID-MO Plans for Construction of Broadway and Santa Fe Pumping Plants 

(October 1947) 
2. Record Drawings; Appendix I Record Drawings; Operations and Maintenance 

Manual; Kansas Citys Flood Control Project; Missouri and Kansas Rivers; 
Central Industrial Unit – Missouri Section; Sheet dates vary 

3. Computations; Central Industrial District – Mo. Section Design Computations, 
dated 1946. 
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