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CHAPTER 1 INTRODUCTION 

The examined water levels and existing geology called for the use of T-walls for design and 

construction. The geotechnical, hydraulic/hydrologic, and structural engineering disciplines of 

the PDT collaborated on the preliminary design of these measures. Initially, any wall that had a 

required height less than 6 feet was determined to be an earthen embankment or an I-wall with a 
sheet pile base. However, the geotechnical engineer found that the geology of the area would not 

allow for a sheet pile based I-wall. Alternatives such as secant pile based walls were looked into. 
It was determined that construction costs would be comparable to using T-walls for all heights. 

Therefore, the PDT made the decision to use T-walls for all wall heights for the estimating 
purposes of this study. Preliminary analysis was not performed for the I-walls, however a 
drawing has been provided in this sub appendix for reference. I-walls were drawn with auger 
cast piles but will need further analysis for future refinement and incorporation. 

The following preliminary calculations cover the design of T-walls. For this level of design, the 

PDT investigated the design of a land specific, 20 foot wall (above grade) as this wall size gave 

the maximum pile spacing, clearances and geometry based on the hydraulic analyses performed.  

This section can be applied to most floodwall alignments in this project. An exception would be 
the 28 foot wall (above grade) that was designed specifically for use along the portion of the 
Miami River alignment where much of the floodwall is underwater. The width and thickness of 

the base, pile spacing, and pile count may vary depending on the height of the wall.   
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CHAPTER 2 T-WALL ANALYSIS 

The following is a 10% analysis to address the usage of T-Walls for flood mitigation in the 

Miami-Dade County comprehensive study.   

The governing criteria is EM 1110-2-2502 “Retaining and Flood Walls”.  The load cases used to 

conduct the 10% design and analysis were taken from EM 1110-2-2502.  They are as follows. 

1. Case C1: Full Flood Loading (Static Water Level) 

2. Case C2: Goda Wave Loading 

3. Case C3: Seismic Loading 

4. Case C4: Construction Loading 

5. Case C5: Wind Loading 

The T-Wall on piles was selected as to ensure continuous stability throughout a storm event.   

Use of shallow soil supported foundations in a coastal region was determined not to be in 

accordance with USACE criteria nor good engineering practice. 

Soil properties used to determine soil coefficient, Ko, was based upon existing soil characteristics 

from archived soil borings taken throughout the county.  The soil borings were a conglomeration 

of the soil borings from the Florida Department of Transportation (FDOT) throughout each of the 

focus areas (Miami River, Little River, and Biscayne Canal). 

Uplift pressures were determined for all load cases in accordance with USACE criteria, and 

standard engineering practice. To mitigate the effects of hydrostatic uplift forces, a 10’-0” deep 

cement/bentonite cutoff wall is being considered as part of the T-wall construction.  The uplift 

pressures for various base widths and cement/bentonite cutoff wall depths are provided in the 

geotechnical sub appendix. 

Wave forces were developed using the Goda Method. These were considered to act in place of 

the hydrostatic forces ABOVE the finished grade line. Full hydrostatic lateral forces are 

considered to act below the finished grade.  The Goda pressure distribution is included as part of 

this sub appendix. 

This being a 10% design, the goal of this analysis is to ensure a stable structure that can be fully 

developed for design during the Planning, Engineering and Design portion of this project.  It is 

acknowledged that minor changes to wall geometry and pile layout will be inevitable as the 

project progresses. 
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10% DESIGNS FOR T-WALLS 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C1: HIGH WATER (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem = 22 ft 
∅= 20.00 Height of base = 4 ft 
c = 100.00 PSF Width of Flood Side = 13 ft 

Ko = 0.5 Width of Protected Side = 8 ft 
WATER PROPERTIES Width ‐ Top of Stem = 2 ft 

γW = 64.00 PCF Width ‐ Bottom of Stem = 4 ft 
CONCRETE PROPERTIES Height of Soil = 2 ft 

γC = 150 PCF Width Along Alignment 4 ft 
UPLIFT PRESSURES Dist Between Piles 7.33 ft 

p1 = 575 PSF Height of Flood Water 26 ft 
p2 = 572 PSF Height of Protected Water 6 ft 

FACTOR OF SAFETY Number of Battered Piles In a Row 2 
F.S. = 1.50 Number of NonBatter Piles In a Row 2 

Number of Piles In a Row 4 
Number of Pile Rows 1 

FORCES MOMENTS ABOUT PROTECTED SIDE TOE 
Arm Overturning Resisting 

Ww = 73.22 KIPS From Ww 18.50 1354.50 

Wsl = 12.48 KIPS From Wsl 18.50 230.88 

Wb = 60.00 KIPS From Wb 12.50 750.00 

Wst1 = 26.40 KIPS From Wst1 11.00 290.40 

Wst2 = 13.20 KIPS From Wst2 9.33 123.20 

Wsr = 7.68 KIPS From Wsr 4.00 30.72 

Uw1 = 0.15 KIPS From Uw1 16.67 2.50 

Uw2 = 57.20 KIPS From Uw2 12.50 715.00 

Rv 135.63 KIPS Mv 717.50 2779.70 2062.20 

Pwl = 86.53 KIPS From Pwl 8.67 749.91 

Psl = 4.32 KIPS From Psl 2.00 8.64 

Psr = 4.32 KIPS From Psr 2.00 8.64 

Pwr = 4.61 KIPS From Pwr 2.00 9.22 

Rh 81.92 KIPS Mh 758.55 17.86 ‐740.69 

Vr 158.45 KIPS Mr 1476.05 2797.55 1321.50 
eh ‐9.04 FT 
ev 15.21 FT FS 2.78 OK 

xR 9.74 
Rratio 0.39 RESULTANT FALLS IN KERN (TABLE 4‐3) 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 268.89 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 
PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 
4 33.907 11.00 1.36 15.01 48.91 
3 33.907 3.67 1.36 5.00 38.91 
2 33.907 ‐3.67 1.36 ‐5.00 28.90 
1 33.907 ‐11.00 1.36 ‐15.01 18.90 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 
PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 18.49 0.00 48.91 52.29 26.15 

3 0.00 0.00 18.49 0.00 38.91 43.08 21.54 

2 0.17 4.82 13.67 82.03 110.93 111.77 55.88 

1 0.17 3.15 15.34 92.03 110.93 111.98 55.99 

NET Rh 73.95 

NET Rh/PILE 18.49 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 
PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 36.98 0.00 48.91 61.32 30.66 

3 0.00 0.00 36.98 0.00 38.91 53.68 26.84 

2 0.17 4.82 32.16 192.96 221.86 224.18 112.09 

1 0.17 3.15 33.83 202.96 221.86 224.42 112.21 

NET Rh 73.95 
NET Rh/PILE 36.98 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C2: GODA WAVE (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem =  22  ft  
∅= 20.00 Height of base =  4  ft  
c = 100.00 PSF Width of Flood Side =  13  ft  

Ko = 0.5 Width of Protected Side =  8  ft  
WATER PROPERTIES Width ‐ Top of Stem =  2  ft  

γW = 64.00 PCF Width ‐ Bottom of Stem =  4  ft  
FACTOR OF SAFETY Height of Soil = 2 ft  

F.S. = 1.50 Width out of page 4 ft 
CONCRETE PROPERTIES Dist Between Piles 7.33 ft 

γC = 150 PCF Height of Flood Water 26 ft 
Uplift Pressure Height of Protected Water 6 ft 

p1 = 575 psf Number of Battered Piles In a Row 2 
p2 = 572 psf Number of NonBatter Piles In a Row 2 

Number of Piles In a Row 4 
Number of Pile Rows 1 

FORCES MOMENTS ABOUT PROTECTED SIDE TOE 
Arm Overturning Resisting 

Goda F1 = 7.94 KIPS From F1 18 142.85 

Goda F2 = 0.40 KIPS From F2 17.33 6.93 

Goda F3 = 9.60 KIPS From F3 10.67 102.4 

Goda F4 = 15.74 KIPS From F4 8 125.952 

Pwl= 86.53 KIPS From Pwl 8.67 749.91 

Psl = 4.32 KIPS From Psl 2 8.64 

Psr = 4.32 KIPS From Psr 2 8.64 

Pwr = 4.61 KIPS From Pwr 2 9.22 

Rh= 115.60 KIPS Mh 1136.68 17.86 ‐1118.827 

Ww = 73.22 KIPS From Ww 18.5 1354.50 

Wsl = 12.48 KIPS From Wsl 18.5 230.88 

Wb = 60.00 KIPS From Wb 12.5 750.00 

Wst1 = 26.40 KIPS From Wst1 11 290.40 

Wst2 = 13.20 KIPS From Wst2 9.33 123.20 

Wsr = 7.68 KIPS From Wsr 4 30.72 

Uw1 = 0.15 KIPS From Uw1 16.67 2.50 

Uw2 = 57.20 KIPS From Uw2 12.5 715.00 

Rv= 135.63 KIPS Mv 717.50 2779.70 2062.20 

Vr 178.2071 Mr 1854.18 2797.55 943.37 
eh ‐9.68 
ev 15.21 F.S. = 1.84 
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NORFOLK DISTRICT USACE 
STRUCTURAL SECTION 

MIAMI DADE COUNTY COASTAL 
STORM RISK MITIGATION STUDY 

DES BY: WKM 
REV BY: JYC 

CASE C2 (EM1110‐2‐2502) CONT'D 

Wave Pressure From Goda From CC_Wall Forces on Vertical Wall Rev3 H&H 

P1 = 

P2 = 

P3 = 

0.546 

0.496 

0.246 

ksf 

ksf 

ksf 

Force 
Goda F1 = 

Goda F2 = 

Goda F3 = 

Goda F4 = 

7.94 

0.40 

9.60 

15.74 

KIPS 

KIPS 

KIPS 

KIPS 

Arm Moment 

18 142.85 

17.33 6.93 

10.67 102.4 

8 125.95 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 268.89 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 
4 33.91 11.00 1.36 15.01 48.91 
3 33.91 3.67 1.36 5.00 38.91 
2 33.91 ‐3.67 1.36 ‐5.00 28.90 
1 33.91 ‐11.00 1.36 ‐15.01 18.90 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 26.91 0.00 48.91 55.83 27.91 

3 0.00 0.00 26.91 0.00 38.91 47.31 23.65 

2 0.17 4.82 22.09 132.55 161.45 162.95 81.48 

1 0.17 3.15 23.76 142.55 161.45 163.19 81.59 

NET Rh 107.63 
NET Rh/PILE 26.91 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 53.82 0.00 48.91 72.72 36.36 

3 0.00 0.00 53.82 0.00 38.91 66.41 33.20 

2 0.17 4.82 49.00 294.00 322.90 326.60 163.30 

1 0.17 3.15 50.67 304.00 322.90 326.85 163.43 

NET Rh 107.63 
NET Rh/PILE 53.82 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C3: SEISMIC (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem =  22  ft  
∅= 20.00 Height of base =  4  ft  
c = 100.00 PSF Width of Flood Side =  13  ft  

Ko = 0.5 Width of Protected Side =  8  ft  
WATER PROPERTIES Width ‐ Top of Stem =  2  ft  

γW = 64.00 PCF Width ‐ Bottom of Stem =  4  ft  
FACTOR OF SAFETY Height of Soil = 2 ft  

F.S. = 1.50 Width out of page 4 ft 
CONCRETE PROPERTIES Dist Between Piles 7.33 ft 

γC = 150 PCF Height of Flood Water 16 ft 

Cs = 0.04 Height of Protected Water 6 ft 
Uplift Forces Number of Battered Piles In a Row 2 

p1 = 575 psf Number of NonBatter Piles In a Row 2 
p2 = 572 psf Number of Piles In a Row 4 

Number of Pile Rows 1 

FORCES MOMENTS ABOUT PROTECTED SIDE TOE 
Arm Overturning Resisting 

Pwl = 32.77 KIPS From Pwr 5.33 174.76 

Psl = 4.32 From Psl 8.64
KIPS 2 

Psr = 4.32 KIPS From Psr 2 8.64 

Pwr= 4.61 KIPS From Pwl 6 27.65 

Eh = 1.992 KIPS From Eh 15 29.88 

Rh= 30.15 KIPS Mh 213.28 36.29 ‐176.99 

Ww = 39.94 KIPS From Ww 18.5 738.82 

Wsl = 12.48 KIPS From Wsl 18.5 230.88 

Wb = 60.00 KIPS From Wb 12.5 750.00 

Wst1 = 26.40 KIPS From Wst1 11 290.40 

Wst2 = 13.20 KIPS From Wst2 9.33 123.20 

Wsr = 7.68 KIPS From Wsr 4 30.72 

Uw1 = 0.15 KIPS From Uw1 16.67 2.50 

Uw2 = 57.20 KIPS From Uw2 12.50 715.00 

Rv= 102.50 KIPS Mv 717.50 2164.02 1446.52 

Vr 106.84 KIPS Mr 930.78 2200.30 1269.52 
eh ‐5.87 
ev 14.11 F.S. = 8.17 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 268.89 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 

4 25.62 11.00 0.61 6.76 32.39 
3 25.62 3.67 0.61 2.25 27.88 
2 25.62 ‐3.67 0.61 ‐2.25 23.37 
1 25.62 ‐11.00 0.61 ‐6.76 18.86 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 5.78 0.00 32.39 32.90 16.45 

3 0.00 0.00 5.78 0.00 27.88 28.47 14.24 

2 0.17 3.89 1.88 11.30 34.67 34.72 17.36 
1 0.17 3.14 2.63 15.81 34.67 34.77 17.39 

NET Rh 23.11 

NET Rh/PILE 5.78 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 11.56 0.00 32.39 34.39 17.19 

3 0.00 0.00 11.56 0.00 27.88 30.18 15.09 

2 0.17 3.89 7.66 45.97 69.34 69.76 34.88 
1 0.17 3.14 8.41 50.48 69.34 69.85 34.92 

NET Rh 23.11 
NET Rh/PILE 11.56 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C4 CONSTRUCTION (PER EM 1110‐2‐2502) 
SOIL PROPERTIES 

γs = 120.00 PCF

∅= 20.00 
c = 100.00 PSF 

Ko = 0.5 

WATER PROPERTIES 
γW = 64.00 PCF 

FACTOR OF SAFETY 
F.S. = 1.50 

CONCRETE PROPERTIES 
γC = 150 PCF 

Uplift Pressure 
p= 0 PSF 

FORCES 

Pwl = 8.19 KIPS 

Psl = 4.32 
KIPS 

Psr = 4.32 KIPS 

Pwr= 4.61 KIPS 

WALL SECTION GEOMETRY 

Height of stem = 22  ft  
Height of base = 4  ft  
Width of Flood Side = 13  ft  

Width of Protected Side = 8  ft  
Width ‐ Top of Stem = 2  ft  

Width ‐ Bottom of Stem = 4  ft  
Height of Soil = 2 ft  
Width out of page 4 ft 
Dist Between Piles 7.33 ft 

Height of Flood Water 8 ft 
Height of Protected Water 6 ft 
Number of Battered Piles In a Row 2 
Number of NonBatter Piles In a Row 2 
Number of Piles In a Row 4 
Number of Pile Rows 1 

MOMENTS ABOUT PROTECTED SIDE TOE 
Arm Overturning Resisting 

From Pwr 2.67 21.85 

From Psl 
2 8.64 

From Psr 2 8.64 

From Pwl 6 27.65 

Rh= 3.58 KIPS Mh 30.49 36.29 5.80 

Ww = 

Wsl = 

Wb = 

Wst1 = 

Wst2 = 

Wsr = 

Uw = 

Con 
Rv= 

0.00 

12.48 

60.00 

26.40 

13.20 

7.68 

0.00 

5.2 
124.96 

KIPS 

KIPS 

KIPS 

KIPS 

KIPS 

KIPS 

KIPS 
KIPS 
KIPS 

From Ww 

From Wsl 

From Wb 

From Wst1 

From Wst2 

From Wsr 

From Uw 

From Con 
Mv 

18.5 

18.5 

12.5 

11 

9.33 

4 

12.5 
18.5 

0.00 

0.00 

230.88 

750.00 

290.40 

123.20 

30.72 

0.00 

96.2 
1521.40 1521.40 

Vr 
eh 
ev 

124.96 
1.62 
12.18 

KIPS Mr 

F.S. = 

30.49 

262.19 

1557.69 1527.20 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 268.89 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 
4 31.24 11.00 ‐0.15 ‐1.66 29.58 
3 31.24 3.67 ‐0.15 ‐0.55 30.69 
2 31.24 ‐3.67 ‐0.15 0.55 31.79 
1 31.24 ‐11.00 ‐0.15 1.66 32.90 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 ‐1.80 0.00 29.58 29.63 14.82 

3 0.00 0.00 ‐1.80 0.00 30.69 30.74 15.37 
2 0.17 5.30 ‐7.10 ‐42.59 ‐10.80 12.92 6.46 
1 0.17 5.48 ‐7.28 ‐43.70 ‐10.80 13.02 6.51 

NET Rh ‐7.20 

NET Rh/PILE ‐1.80 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 ‐3.60 0.00 29.58 29.80 14.90 

3 0.00 0.00 ‐3.60 0.00 30.69 30.90 15.45 
2 0.17 5.30 ‐8.90 ‐53.39 ‐21.60 23.36 11.68 
1 0.17 5.48 ‐9.08 ‐54.50 ‐21.60 23.43 11.71 

NET Rh ‐7.20 
NET Rh/PILE ‐3.60 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C5: WIND (PER EM 1110‐2‐2502) 
SOIL PROPERTIES 

γs = 120.00 PCF

∅= 20.00 
c = 100.00 PSF 

Ko = 0.5 

WATER PROPERTIES 
γW = 64.00 PCF 

FACTOR OF SAFETY 
F.S. = 1.50 

CONCRETE PROPERTIES 
γC = 150 PCF 
Pwind 87.3 PSF 

Uplift Forces 
p1 = 575 psf 
p2 = 572 psf 

FORCES 

Pwl = 32.77 KIPS 

Psl = 4.32 KIPS 

Psr = 4.32 
KIPS 

Pwr= 4.61 KIPS 
Wind 6.984 KIPS 
Rh= 35.14 KIPS 

Ww = 39.94 KIPS 

Wsl = 12.48 KIPS 

Wb = 60.00 KIPS 

Wst1 = 26.40 KIPS 

Wst2 = 13.20 KIPS 

Wsr = 7.68 KIPS 

Uw1 = 0.15 KIPS 

Uw2 = 57.20 KIPS 
Rv= 102.50 KIPS 

Vr 108.35 KIPS 
eh ‐5.93 
ev 14.11 

WALL SECTION GEOMETRY 

Height of stem =  22  ft  
Height of base =  4  ft  
Width of Flood Side =  13  ft  

Width of Protected Side =  8  ft  
Width ‐ Top of Stem =  2  ft  

Width ‐ Bottom of Stem =  4  ft  
Height of Soil = 2 ft  
Width out of page 4 ft 
Dist Between Piles 7.33 ft 

Height of Flood Water 16 ft 
Height of Protected Water 6 ft 
Number of Battered Piles In a Row 2 
Number of NonBatter Piles In a Row 2 
Number of Piles In a Row 4 
Number of Pile Rows 1 
MOMENTS ABOUT PROTECTED SIDE TOE 

Arm Overturning Resisting 

From Pwr 5.33 174.76 

From Psl 2 8.64 

From Psr 
2 

8.64 

From Pwl 6 27.65 

From Wind 8.8 61.46 
Mh 244.86 36.29 ‐208.57 

From Ww 

From Wsl 

From Wb 

From Wst1 

From Wst2 

From Wsr 

From Uw1 

From Uw2 

18.5 

18.5 

12.5 

11 

9.33 

4 

16.67 

12.50 
Mv 

2.50 

715.00 

717.50 

738.82 

230.88 

750.00 

290.40 

123.20 

30.72 

2164.02 1446.52 

Mr 962.36 2200.30 1237.94 

F.S. = 6.94 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 268.89 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 
4 25.62 11.00 0.61 6.76 32.39 
3 25.62 3.67 0.61 2.25 27.88 
2 25.62 ‐3.67 0.61 ‐2.25 23.37 
1 25.62 ‐11.00 0.61 ‐6.76 18.86 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 7.03 0.00 32.39 33.14 16.57 
3 0.00 0.00 7.03 0.00 27.88 28.75 14.38 
2 0.17 3.89 3.13 18.79 42.16 42.27 21.14 
1 0.17 3.14 3.88 23.30 42.16 42.34 21.17 

NET Rh 28.11 

NET Rh/PILE 7.03 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 14.05 0.00 32.39 35.30 17.65 

3 0.00 0.00 14.05 0.00 27.88 31.22 15.61 
2 0.17 3.89 10.16 60.95 84.32 84.93 42.46 
1 0.17 3.14 10.91 65.46 84.32 85.02 42.51 

NET Rh 28.11 
NET Rh/PILE 14.05 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C1: HIGH WATER (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem =  30  ft  
∅= 20.00 Height of base =  4  ft  
c = 100.00 PSF Width of Flood Side =  15  ft  

Ko = 0.5 Width of Protected Side =  9  ft  
WATER PROPERTIES Width ‐ Top of Stem =  5  ft  

γW = 64.00 PCF Width ‐ Bottom of Stem =  8  ft  
CONCRETE PROPERTIES Height of Soil = 2 ft  

γC = 150 PCF Width Along Alignment 4 ft 
UPLIFT PRESSURES Dist Between Piles 9.67 ft 

p1 = 610 psf Height of Flood Water 34 ft 
p2 = 605 psf Height of Protected Water 6 ft 

FACTOR OF SAFETY Number of Battered Piles In a Row 2 
F.S. = 1.50 Number of NonBatter Piles In a Row 2 

Number of Piles In a Row 4 
Number of Pile Rows 1 

FORCES MOMENTS ABOUT PROTECTED SIDE TOE 

Arm Overturning Resisting 

Wwl = 115.20 KIPS From Wwl 24.50 2822.40 

Wwr = 37.79 KIPS From Wwr 4.50 170.04 
Wsl = 14.40 KIPS From Wsl 24.50 352.80 

Wb = 76.80 KIPS From Wb 16.00 1228.80 

Wst1 = 90.00 KIPS From Wst1 14.50 1305.00 

Wst2 = 27.00 KIPS From Wst2 11.00 297.00 

Wsr = 8.64 KIPS From Wsr 4.50 38.88 

Uw1 = 0.32 KIPS From Uw1 21.33 6.83 

Uw2 = 77.44 KIPS From Uw2 16.00 1239.04 

Rv 254.28 KIPS Mv 1245.87 6214.92 4969.05 

Pwl = 147.97 KIPS From Pwl 11.33 1676.97 

Psl = 4.32 KIPS From Psl 2.00 8.64 

Psr = 4.32 KIPS From Psr 2.00 8.64 

Pwr = 64.23 KIPS From Pwr 7.47 479.55 

Rh 83.74 KIPS Mh 1685.61 488.19 ‐1197.42 

Vr 267.71 KIPS Mr 2931.48 6703.10 3771.63 
eh ‐14.30 FT 
ev 19.54 FT FS 4.15 OK 

xR 14.83 
Rratio 0.46 RESULTANT FALLS IN KERN (TABLE 4‐3) 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 467.22 

Batter X 1 
Batter Y 6 

Batter 0.17 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 17.19 0.00 91.52 93.12 46.56 
3 0.00 0.00 17.19 0.00 72.89 74.89 37.44 

2 0.17 9.04 8.15 48.89 103.15 103.47 51.73 

1 0.17 5.94 11.25 67.52 103.15 103.76 51.88 

NET Rh 

NET Rh/PILE 

68.76 

17.19 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 
PILE Batter Ph [K] Net Ph [K] 

4 0.00 0.00 34.38 

3 0.00 0.00 34.38 

2 0.17 9.04 25.34 

1 0.17 5.94 28.44 

Pv' [K] 

0.00 

0.00 

152.04 

170.67 

Pv 

91.52 

72.89 

206.29 

206.29 

Pa [K] Pa [TONS] 

97.76 48.88 

80.59 40.29 

207.84 103.92 

208.24 104.12 

NET Rh 
NET Rh/PILE 

68.76 
34.38 

VERTICAL LOAD DISTRIBUTION 
PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 
4 63.57 14.50 1.93 27.95 91.52 
3 63.57 4.83 1.93 9.32 72.89 
2 63.57 ‐4.83 1.93 ‐9.32 54.25 
1 63.57 ‐14.50 1.93 ‐27.95 35.62 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C2: GODA WAVE (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem =  30  ft  
∅= 20.00 Height of base =  4  ft  
c = 100.00 PSF Width of Flood Side =  15  ft  

Ko = 0.5 Width of Protected Side =  9  ft  
WATER PROPERTIES Width ‐ Top of Stem =  5  ft  

γW = 64.00 PCF Width ‐ Bottom of Stem =  8  ft  
FACTOR OF SAFETY Height of Soil = 2 ft  

F.S. = 1.50 Width out of page 4 ft 
CONCRETE PROPERTIES Dist Between Piles 9.67 ft 

γC = 150 PCF Height of Flood Water 34 ft 
UPLIFT PRESSURE Height of Protected Water 6 ft 

p1 = 610 psf Number of Battered Piles In a Row 2 
p2 = 605 psf Number of NonBatter Piles In a Row 2 

Number of Piles In a Row 4 
Number of Pile Rows 1 

FORCES MOMENTS ABOUT PROTECTED SIDE TOE 
Arm Overturning Resisting 

Goda F1 = 3.47 KIPS From F1 18 62.50 

Goda F2 = 2.63 From F2 17.33 45.62 

Goda F3 = 9.60 From F3 10.67 102.4 

Goda F4 = 15.74 From F4 8 125.95 

Pwl= 147.97 KIPS From Pwl 11.33 1676.97 

Psl = 4.32 KIPS From Psl 2 8.64 

Psr = 4.32 KIPS From Psr 2 8.64 

Pwr = 64.23 KIPS From Pwr 7.467 479.55 

Rh= 115.19 KIPS Mh 2022.08 488.1888 ‐1533.891 

Wwl = 115.20 KIPS From Wwl 24.5 2822.40 

Wwr = 43.01 KIPS From Wwr 4.5 193.54 
Wsl = 14.40 KIPS From Wsl 24.5 352.80 

Wb = 76.80 KIPS From Wb 16 1228.80 

Wst1 = 90.00 KIPS From Wst1 14.5 1305.00 

Wst2 = 27.00 KIPS From Wst2 11 297.00 

Wsr = 8.64 KIPS From Wsr 4.5 38.88 

Uw1 = 0.32 KIPS From Uw1 21.33 6.83 

Uw2 = 77.44 KIPS From Uw2 16 1239.04 

Rv= 254.28 KIPS Mv 1245.87 6238.42 4992.55 

Vr 279.15 Mr 3267.95 6726.60 3458.66 
eh ‐13.32 
ev 19.63 F.S. = 3.25 OK 
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NORFOLK DISTRICT USACE 
STRUCTURAL SECTION 

MIAMI DADE COUNTY COASTAL 
STORM RISK MITIGATION STUDY 

DES BY: WKM 
REV BY: JYC 

CASE C2 (EM1110‐2‐2502) CONT'D 

Wave Pressure From Goda From CC_Wall Forces on Vertical Wall Rev3 H&H 

P1 = 

P2 = 

P3 = 

0.546 

0.217 

0.246 

ksf 

ksf 

ksf 

Force 
Goda F1 = 

Goda F2 = 

Goda F3 = 

Goda F4 = 

3.47 

2.63 

9.60 

15.74 

KIPS 

KIPS 

KIPS 

KIPS 

Arm Moment 

18 62.496 

17.33333 45.6213333 

10.66667 102.4 

8 125.952 
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NORFOLK DISTRICT USACE 
STRUCTURAL SECTION 

MIAMI DADE COUNTY COASTAL 
STORM RISK MITIGATION STUDY 

DES BY: WKM 
REV BY: JYC 

PILE LOADS 

# PILES 
Iy 

4 
467.22 

Batter X 
Batter Y 

Batter 

1 
6 

0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] 
4 63.57 14.50 
3 63.57 4.83 
2 63.57 ‐4.83 
1 63.57 ‐14.50 

(Vex/Iy) [K/FT] 
1.98 
1.98 
1.98 
1.98 

(Vex/Iy)Cx [K/FT] 
28.68 
9.56 
‐9.56 
‐28.68 

Pv [K] 
92.25 
73.13 
54.01 
34.89 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] 

4 0.00 0.00 25.09 

3 0.00 0.00 25.09 

2 0.17 9.00 16.09 

1 0.17 5.82 19.28 

Pv' [K] 

0.00 

0.00 

96.55 

115.67 

Pv 

92.25 

73.13 

150.56 

150.56 

Pa [K] Pa [TONS] 

95.60 47.80 

77.31 38.66 

151.42 75.71 

151.79 75.89 

NET Rh 

NET Rh/PILE 

100.37 

25.09 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 
PILE Batter Ph [K] Net Ph [K] 

4 0.00 0.00 50.19 

3 0.00 0.00 50.19 

2 0.17 9.00 41.19 

1 0.17 5.82 44.37 

Pv' [K] 

0.00 

0.00 

247.11 

266.23 

Pv 

92.25 

73.13 

301.12 

301.12 

Pa [K] Pa [TONS] 

105.02 52.51 

88.69 44.35 

303.92 151.96 

304.37 152.19 

NET Rh 

NET Rh/PILE 

100.37 

50.19 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C3: SEISMIC (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem =  30  ft  
∅= 20.00 Height of base =  4  ft  
c = 100.00 PSF Width of Flood Side =  15  ft  

Ko = 0.5 Width of Protected Side =  9  ft  
WATER PROPERTIES Width ‐ Top of Stem =  5  ft  

γW = 64.00 PCF Width ‐ Bottom of Stem =  8  ft  
FACTOR OF SAFETY Height of Soil = 2 ft  

F.S. = 1.50 Width out of page 4 ft 
CONCRETE PROPERTIES Dist Between Piles 9.67 ft 

γC = 150 PCF Height of Flood Water 34 ft 

Cs = 0.04 Height of Protected Water 6 ft 
UPLIFT PRESSURE Number of Battered Piles In a Row 2 

p1 = 610 psf Number of NonBatter Piles In a Row 2 
p2 = 605 psf Number of Piles In a Row 4 

Number of Pile Rows 1 

FORCES MOMENTS ABOUT PROTECTED SIDE TOE 
Arm Overturning Resisting 

Pwl = 64.23 KIPS From Pwr 7.47 479.55 

Psl = 4.32 KIPS From Psl 2 8.64 

Psr = 4.32 KIPS From Psr 2 8.64 

Pwr= 64.23 KIPS From Pwl 7.47 479.55 

Eh = 3.876 KIPS From Eh 19 73.64 

Rh= 3.88 KIPS Mh 561.83 488.19 ‐73.64 

Wwl = 62.98 KIPS From Wwl 24.5 1542.91 

Wwr 44.08 KIPS From Wwr 4.5 198.37 
Wsl = 14.40 KIPS From Wsl 24.5 352.80 

Wb = 76.80 KIPS From Wb 16 1228.80 

Wst1 = 90.00 KIPS From Wst1 14.5 1305.00 

Wst2 = 27.00 KIPS From Wst2 11 297.00 

Wsr = 8.64 KIPS From Wsr 4.5 38.88 

Uw1 = 0.32 KIPS From Uw1 21.33 6.83 

Uw2 = 77.44 KIPS From Uw2 16.00 1239.04 

Rv= 202.38 KIPS Mv 1245.87 4963.77 3717.90 

Vr 202.41 KIPS Mr 1807.70 5451.96 3644.26 
eh ‐19 
ev 18.37 F.S. = 50.48 OK 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 467.22 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 

4 50.59 14.50 1.03 14.89 65.49 
3 50.59 4.83 1.03 4.96 55.56 
2 50.59 ‐4.83 1.03 ‐4.96 45.63 
1 50.59 ‐14.50 1.03 ‐14.89 35.70 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] 

4 0.00 0.00 ‐2.42 

3 0.00 0.00 ‐2.42 

2 0.17 7.60 ‐10.02 
1 0.17 5.95 ‐8.37 

Pv' [K] 

0.00 

0.00 

‐60.15 
‐50.22 

Pv 

65.49 

55.56 

‐14.52 
‐14.52 

Pa [K] Pa [TONS] 

65.53 32.77 

55.61 27.81 

17.64 8.82 
16.76 8.38 

NET Rh 
NET Rh/PILE 

‐9.68 
‐2.42 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 

PILE Batter Ph [K] Net Ph [K] 

4 0.00 0.00 ‐4.84 

3 0.00 0.00 ‐4.84 

2 0.17 7.60 ‐12.44 
1 0.17 5.95 ‐10.79 

Pv' [K] 

0.00 

0.00 

‐74.67 
‐64.74 

Pv 

65.49 

55.56 

‐29.04 
‐29.04 

Pa [K] Pa [TONS] 

65.67 32.83 

55.77 27.88 

31.59 15.80 
30.98 15.49 

NET Rh 
NET Rh/PILE 

‐9.68 
‐4.84 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C4: CONSTRUCTION (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem =  30  ft  
∅= 20.00 Height of base =  4  ft  
c = 100.00 PSF Width of Flood Side =  15  ft  

Ko = 0.5 Width of Protected Side =  9  ft  
WATER PROPERTIES Width ‐ Top of Stem =  5  ft  

γW = 64.00 PCF Width ‐ Bottom of Stem =  8  ft  
FACTOR OF SAFETY Height of Soil = 2 ft  

F.S. = 1.50 Width out of page 4 ft 
CONCRETE PROPERTIES Dist Between Piles 9.67 ft 

γC = 150 PCF Height of Flood Water 34 ft 
UPLIFT PRESSURE Height of Protected Water 6 ft 

p1 = 610 psf Number of Battered Piles In a Row 2 
p2 = 605 psf Number of NonBatter Piles In a Row 2 

Number of Piles In a Row 4 
Number of Pile Rows 1 

FORCES MOMENTS ABOUT PROTECTED SIDE TOE 
Arm Overturning Resisting 

Pwl = 4.61 KIPS From Pwr 11.33 52.22 

Psl = 4.32 KIPS From Psl 2 8.64 

Psr = 4.32 KIPS From Psr 2 8.64 

Pwr = 2.05 KIPS From Pwl 6 12.29 

Rh= 2.56 KIPS Mh 60.86 20.93 ‐39.94 

Ww = 0.00 KIPS From Ww 24.5 0.00 

Wsl = 14.40 KIPS From Wsl 24.5 352.80 

Wb = 76.80 KIPS From Wb 16 1228.80 

Wst1 = 90.00 KIPS From Wst1 14.5 1305.00 

Wst2 = 27.00 KIPS From Wst2 11 297.00 

Wsr = 8.64 KIPS From Wsr 4.5 38.88 

Uw1 = 0.32 KIPS From Uw1 21.33 6.83 

Uw2 = 77.44 KIPS From Uw2 16 1239.04 

Con 6 KIPS From Con 24.5 147 
Rv= 139.40 KIPS Mv 1245.87 3369.48 2123.61 

Vr 139.4 KIPS Mr 1306.73 3390.41 2083.68 
eh ‐15.6 
ev 15.23396 F.S. = 53.18 OK 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 467.22 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 
4 34.85 14.50 ‐0.23 ‐3.31 31.54 
3 34.85 4.83 ‐0.23 ‐1.10 33.75 
2 34.85 ‐4.83 ‐0.23 1.10 35.95 
1 34.85 ‐14.50 ‐0.23 3.31 38.16 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 ‐2.45 0.00 31.54 31.63 15.82 

3 0.00 0.00 ‐2.45 0.00 33.75 33.83 16.92 
2 0.17 5.99 ‐8.44 ‐50.64 ‐14.69 16.94 8.47 
1 0.17 6.36 ‐8.81 ‐52.85 ‐14.69 17.13 8.56 

NET Rh ‐9.79 

NET Rh/PILE ‐2.45 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 ‐4.90 0.00 31.54 31.91 15.96 

3 0.00 0.00 ‐4.90 0.00 33.75 34.10 17.05 

2 0.17 5.99 ‐10.89 ‐65.33 ‐29.38 31.33 15.67 
1 0.17 6.36 ‐11.26 ‐67.54 ‐29.38 31.46 15.73 

NET Rh ‐9.79 
NET Rh/PILE ‐4.90 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

CASE C5: WIND (PER EM 1110‐2‐2502) 
SOIL PROPERTIES WALL SECTION GEOMETRY 

γs = 120.00 PCF Height of stem =  30  ft  
∅= 20.00 Height of base =  4  ft  
c = 100.00 PSF Width of Flood Side =  15  ft  

Ko = 0.5 Width of Protected Side =  9  ft  
WATER PROPERTIES Width ‐ Top of Stem =  5  ft  

γW = 64.00 PCF Width ‐ Bottom of Stem =  8  ft  
FACTOR OF SAFETY Height of Soil = 2 ft  

F.S. = 1.50 Width out of page 4 ft 
CONCRETE PROPERTIES Dist Between Piles 9.67 ft 

γC = 150 PCF Height of Flood Water 34 ft 
Pwind 87.3 PSF Height of Protected Water 6 ft 

UPLIFT PRESSURE Number of Battered Piles In a Row 2 
p1 = 610 psf Number of NonBatter Piles In a Row 2 
p2 = 605 psf Number of Piles In a Row 4 

Number of Pile Rows 1 
FORCES MOMENTS ABOUT PROTECTED SIDE TOE 

Arm Overturning Resisting 

Pwl = 64.23 KIPS From Pwl 7.47 479.55 

Psl = 4.32 KIPS From Psl 2 8.64 

Psr = 4.32 KIPS From Psr 2 8.64 

Pwr= 64.23 KIPS From Pwr 7.47 479.55 

Wind 4.051 KIPS From Wind 28.2 114.2303 
Rh= 4.05 KIPS Mh 602.42 488.19 ‐114.23 

Wwl = 62.98 KIPS From Wwl 24.5 1542.91 

Wwr = 44.08 From Wwr 4.5 198.37 
Wsl = 14.40 KIPS From Wsl 24.5 352.80 

Wb = 76.80 KIPS From Wb 16 1228.80 

Wst1 = 90.00 KIPS From Wst1 14.5 1305.00 

Wst2 = 27.00 KIPS From Wst2 11 297.00 

Wsr = 8.64 KIPS From Wsr 4.5 38.88 

Uw1 = 0.32 KIPS From Uw1 21.33 6.83 

Uw2 = 77.44 KIPS From Uw2 16.00 1239.04 

Rv= 202.38 KIPS Mv 1245.87 4963.77 3717.90 

Vr 202.42 KIPS Mr 1848.29 5451.96 3603.67 
eh ‐28.2 
ev 18.37 F.S. = 32.55 OK 
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NORFOLK DISTRICT USACE MIAMI DADE COUNTY COASTAL DES BY: WKM 
STRUCTURAL SECTION STORM RISK MITIGATION STUDY REV BY: JYC 

PILE LOADS 

# PILES 4 
Iy 467.22 

Batter X 1 
Batter Y 6 

Batter 0.17 

VERTICAL LOAD DISTRIBUTION 

PILE V/n [K] Cx [FT] (Vex/Iy) [K/FT] (Vex/Iy)Cx [K/FT] Pv [K] 
4 50.59 14.50 1.03 14.89 65.49 
3 50.59 4.83 1.03 4.96 55.56 
2 50.59 ‐4.83 1.03 ‐4.96 45.63 
1 50.59 ‐14.50 1.03 ‐14.89 35.70 

HORIZONTAL LOAD DISTRIBUTION (ALL PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 ‐2.38 0.00 65.49 65.53 32.77 
3 0.00 0.00 ‐2.38 0.00 55.56 55.61 27.80 
2 0.17 7.60 ‐9.98 ‐59.89 ‐14.26 17.40 8.70 
1 0.17 5.95 ‐8.33 ‐49.96 ‐14.26 16.51 8.25 

NET Rh ‐9.50 

NET Rh/PILE ‐2.38 

HORIZONTAL LOAD DISTRIBUTION (BATTER PILES) 

PILE Batter Ph [K] Net Ph [K] Pv' [K] Pv Pa [K] Pa [TONS] 

4 0.00 0.00 ‐4.75 0.00 65.49 65.66 32.83 

3 0.00 0.00 ‐4.75 0.00 55.56 55.76 27.88 
2 0.17 7.60 ‐12.36 ‐74.14 ‐28.51 31.08 15.54 
1 0.17 5.95 ‐10.70 ‐64.21 ‐28.51 30.46 15.23 

NET Rh ‐9.50 
NET Rh/PILE ‐4.75 
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CHAPTER 3 GATE ANALYSIS 

3.1 SURGE BARRIER GATES 

No preliminary structural analysis was performed for these features. 

3.1.1 MITER GATES 

Currently there are 3 Atlantic Intercoastal Waterway locks that use miter gate designs for the 

prevention of water with hydrostatic heads 5 to 15 feet. The width of these gates vary between 

50 and 72 feet. Being that these gates are currently in use, their designs were utilized for 

guidance and preliminary structural layout.  A pile foundation shall be used for these structures 

and pile arrangements similar to the existing designs are used for planning purposes. Actual 

forces and overturning analysis have not been conducted but existing design ensures that the 

layouts used can be developed with minor alterations as the project progresses. 

3.1.2 SECTOR GATES 

For the sector gate in the Miami River alignment, the New Bedford / Fair Haven (NBFH) Barrier 

was used as the “go by” structure for planning purposes. The requirements for the Miami River 

sector gate are very similar to the NBFH barrier with similar width, hydrostatic head 

requirements and geometry.  The design utilizes a pile supported foundation and a pile 

arrangement to meet anticipated forces. The pile arrangement is based upon similar structures of 

size and weight.  Actual forces and overturning analysis have not been conducted but existing 

design ensure that the layouts used can be developed with minor alterations as the project 

progresses. 

3.2 STREET CLOSURES 

No preliminary structural analysis was performed for these features.  Currently there are four 

working street closures along the existing Norfolk, VA floodwall that are used as “go bys” for 

estimating and planning purposes. Sketches of these files are included as part of this sub 

appendix. 

3.3 FLOODWALL IN WATER (MIAMI RIVER) 

The tidal wall design is to be used in areas where the wall is subjected to increased wave and 
overtopping forces. These areas are located at the mouth of the Miami River.  Preliminary 
hydrological analysis showed greater wave forces and a deeper channel depth in this area. This 
called for a need to design a maximum 28 foot (above grade) T-wall section. This design can 

withstand soil and hydrostatic head differentials of 20 feet or more and calculated maximum 

wave forces. There is an existing bulkhead wall that is protecting the coastline. The new tidal 
wall design shall not interfere with any existing structures.  The structural design, deep 
foundations, construction and geometry are well suited for the application as a storm surge wall 
in the riverine environment of this project. The design ensures that the layouts used can be 

developed with minor alterations as the project progresses.   
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SCOUR SLAB C 
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18" DIA AUGER CONCRETE 
CAST PILE 

I -WALL QUANTITIES (ESTIMATED) 

I-WALL STEM LENGTH OF CONCRETE VOL 
HEIGHT HEIGHT PILE [FT] 

[CY/Fl] 

3 FT 5 FT 0.6 20 

4 FT 6 FT 0.7 20 

5 FT 7 FT 0.8 20 

6 FT 8 FT 0.9 20 

NOTES: 

1. ALL CONCRETE SHALL HAVE A 28 DAY STRENGTH OF 4000 PSI. 

2. ALL REINFORCEMENT SHALL HAVE AN Fy = 60 KSI 

T-WALL 
HEIGHT 

7 FT 

8 FT 

9 FT 

10 FT 
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4'0C 

20' LONG - 18" DIA AU 

CAST CONCRETE PILE 

T -WALL QUANTITIES (ESTIMATED) 

STEM CONCRETE VOL CONCRETE VOL 

HEIGHT STEM BASE 

CY/FT CY/FT 

9 FT 0.50 1.67 

10 FT 0.56 1.67 

11 FT 0.61 1.67 

12 FT 0.67 1.67 

9
b 

CEMENT/ 
BENTONITE 

CUTOFF WALL 

VOL OF 
CUTOFF WALL 

CY/FT 

0.56 

0.56 

0.56 

0.56 

�;
rn 

�en.<C ;� la 
t-- - t>( '-'c!: I! I>- l� � -t--

I 
t-- -

� � 
I ;I I Ii �i ! f 

"'I- z 
m S:2 <( 

<.9....1 
� g: � -<( d:i en� Cl) I-
�05 wt:: � � �::- :a: 
"'...J _J 0 Ill 
So� 
>- LL 0:: �::)0 Cf) i;!i c:: 0 

0«oz ..... 3z 

...J 
...J :a: 
<( c::: >-

OoI- ::) $ Cl) 
Cf) I- 'z
...J Cf) I- 0 
<( � 0-I- :a: z I-Cf) c::: <( (..) <( Cf) w
Ou 
(.) � j(I)

<( ...J �� 
z W $�
::) :a: I I-
ow - ::J 
(.)C9 

� I-w <( 
o z <( §s 
<( <( z c:: 
o::i: -..!. ::.:::: I-� Cl) :a: Cf) ...J 
�a:: w
:a: c:: 

B 

A 

3. CEMENT/BENTONITE CUTOFF WALL SHALL BE BY EXCAVATION AND PUMPING. 

4. "I-WALL HEIGHT" AND "T-WALL HEIGHT" REFER TO THE EXPOSED HEIGHT OF THE WALL ABOVE GROUND SHEET 
REFERENCE 

NUMBER 

S-503A 
SHEET XXX OF XXX 

2 3 4 5 
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2'-0" ffl 
US Army Corps 
of Engineers 

Norfolk District► I I ... 
PROTECTED SIDE FLOOD SIDE T - WALL QUANTITIES (ESTIMATED) 

T-WALL STEM CONCRETE VOL CONCRETE VOL VOL OF 
WATER LEVEL HEIGHT HEIGHT STEM BASE CUTOFF WALL 

D CY/FT CY/FT CY/FT 
.. "·· .
. . . 11 FT 13 FT 1.44 2.96 0.37 

D 

12 FT 14 FT 1.56 2.96 0.37 

13 FT 15 FT 1.67 2.96 0.37. . ....,. 
14 FT 16 FT 1.78 2.96 0.37 

AS REQUIRED TO NOT ADVERSELY AFFECT EXISTING SEA WALL 15 FT 17 FT 1.89 3.70 0.37 

... 16 FT 18 FT 2.00 3.70 0.37 · . 
FINISHED GRADE . :•: . . 17 FT 19 FT 2.11 3.70 0.37 

: 
cii 18 FT 20 FT 2.22 3.70 0.37::·. :-.: ��UJ UJ 19 FT 21 FT 3.70 0.37 

: ...•. .,... ..i:i:: 4 .. • 
. . : •

f 20 FT 22 FT 2.44 3.70 0.37": . 
·' ,.d 

.. 
I- I-I I 8" THICK CONCRETE •.:S2 C) 

SCOUR SLAB OVER BACKFILLUJ w
I I 

EXISTING SEA WALL
_J:a: _JUJ ··•I-Cl) � .. . . . .... 

. .. 4 : .. ,•I- . ., .. . 

. : . :j .. :: 
. 

RIVER BOTTOM 

. 

.

,d 

,.. 
. . .9 ,i. • ••· : •. .... 'N ·. . •··. . .. . 

.. · . ',.d 

BB 

. 
. .... :,. .. ."": . .... : . 

...J...J 

A 

LLS 

' FOR 15 FT TO 20 FT W LLS 

TI 
\__20' LONG -18" DIA AUGER 

CAST CONCRETE PILES -
TYPICAL @ 4' OC 

NOTES: 

1. ALL CONCRETE SHALL HAVE A 28 DAY STRENGTH OF 4000 PSI. 

CEMENT/ 
BENTONITE 
CUTOFF WALL 

c::: >-0I- o :::::,Cl) 1-
_J Cl)�<(I- :a: Cl) c:::<( Cl) Ou 
(.) �
�� z UJ 
:::::, :a: 
QUJ 
(.)C9
UJ <(z
o 
<( <(
Cl ::!:..!. ::.:::: 
:a: Cl)
�i:i:: 
:a: 

<(
$ Cl) 
'zI- 0

o
z I-
<( hl 
j(I) 

�� 
I I-
;= ::J 0::: I-
<( §s
zo:::
- I
� Cl)...J
UJ 
0:::
a.. 

A 

2. ALL REINFORCEMENT SHALL HAVE AN Fy = 60 KSI 

3. CEMENT/BENTONITE CUTOFF WALL SHALL BE BY EXCAVATION AND PUMPING. 

4. "I-WALL HEIGHT" AND "T-WALL HEIGHT" REFER TO THE EXPOSED HEIGHT OF THE WALL ABOVE GROUND 

SHEET 
REFERENCE 

NUMBER

S-503B 
SHEET XXX OF XXX 

2 3 4 5 

C 
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5'-0" ffl 
US Army Corps 
of Engineers 

Norfolk District 

PROTECTED SIDE FLOOD SIDE 
T - WALL QUANTITIES (ESTIMATED) 

T-WALL STEM CONCRETE VOL CONCRETE VOL VOL OF 
WATER LEVEL D HEIGHT HEIGHT STEM BASE CUTOFF WALL D 

/ CY/FT CY/FT CY/FT 

21 FT 23 FT 5.54 4.44 0.37 

22 FT 24 FT 5.78 4.44 0.37 

23 FT 25 FT 6.02 4.44 0.37 

24 FT 26 FT 6.26 4.44 0.37 

.= ·,·· . ... 25 FT 27 FT 4.446.50 0.37 

_: · .•. ... 26 FT 28 FT 6.74 4.44 0.37 

- . :�: 
A 

�., 
.
: 27 FT 29 FT 6.98 4.44 0.37 -.WATER LEVEL 

28 FT 30 FT 7.22 5.19 0.37
en en /
w w 29 FT 31 FT 7.46 5.19 0.37 

1 
30 FT 32 FT 7.70 5.19 0.37 

31 FT 33 FT 5.197.94 0.37 
I- I-
I 

CD 
I 32 FT 34 FT 8.19 5.19 0.37 

w 33 FT 35 FT 8.43 5.19 0.37 
I I 

...J� ...J
C w C 

I- � 
I-

RIVER BOTTOM 
/ 

. 

B B 

_J
� _J 

c::: >- <(

/ 30•-0,/FOR 21 FT TO 21 FT wI\LLSI / / _J_;··i FOR 28 FT TO 33 FT WILLS 

I- $ Cl)
' z:::::,

'l I 

(/) 1- I-...J (/) 0
o

(/)
I- � z I-

hl c::: 
<(
Ou

(/) 

u� 
<(

TI 
j(I) 

rt a I I-
>- ::J
0::: I-\_20' LONG-18" DIA AUGER CEMENT <( 

§sw 

<(CAST CONCRETE PILES - BENTONITE <(zo::: CUTOFF WALL <(TYPICAL @ 4' QC 0� - I...!. ::.:::: � Cl)A A 

�o::: 
NOTES: � 0::: 
1. ALL CONCRETE SHALL HAVE A 28 DAY STRENGTH OF 4000 PSI. 

2. ALL REINFORCEMENT SHALL HAVE AN Fy = 60 KSI 
SHEET 

REFERENCE3. CEMENT/BENTONITE CUTOFF WALL SHALL BE BY EXCAVATION AND PUMPING. 
NUMBER 

S-503C4. "I-WALL HEIGHT" AND "T-WALL HEIGHT" REFER TO THE EXPOSED HEIGHT OF THE WALL ABOVE GROUND 
SHEET XXX OF XXX 

I 2 I 3 I 4 I 5 
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CHAPTER 4: APPENDIX DRAWINGS 
SECTOR GATE 

NEW BEDFORD - FAIR HAVEN, CONNECTICUT 
THIS GATE HAS DIMENSIONS OF 152' IN WIDTH 
AND 53' IN HEIGHT. THE MIAMI-DADE COUNTY CSRM GATE 
SHALL BE 150' IN WIDTH AND 35' IN HEIGHT. 
ADJUST COSTS ACCORDINGLY. 

STANDARD STREET CLOSURE 
NORFOLK FLOODWALL, NORFOLK, VA 

DRAWINGS DEPICT STANDARD FEATURES OF 
STREET CLOSURE GATES.  SIZES REQUIRED 
FOR COLLIER COUNTY CSRM VARY SEE TABLE BELOW. 
ADJUST COST ACCORDINGLY. 
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'JGALt t• • l'•f!'" 

Nol•~· ,1pa,:,ng of' rib.I, ,1l1fl It• 
t drain ~ J,milor to r;.,", JI, 
//1 I 1Z 1,c•pl •$ not«/. 

/or ,dd,Nno/ lruu , 
dllft#,uitllu nof ,1,,._,n .,.. 
l'l11n, Trw• tr, Ill '1X 

14 W- l&.1 

NOTES 

/fl/ f'1rl,:.;I ,t,...,rr,, 
8 l'r.JO . 

£xc1pt .~.s no,,d-\ 

• . I. Wnt ,.t. lrof' .MOWn • ..ul JH, OJJP'!sl,- Mnd. 
~- t.o# ,.,., shown ,n .,,.,...d pt:>$ilJon lo r,~,,.,. 

.,1op r'Zf"rna,.,.;,,,, .,1,o,,,,, °" IIH.s Sh,.., .rM/1 M poi~ 
!'or untH#'" /h,n SZ. 

2 

4 

5 
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,.,,,., fi1/l:I correcfloM 

HURRICANE PROTECTION I 
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SECTOR GATES , 
STRUCTURAL 
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NIF+ll34 
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TYP POO:ET RElNf 

SEE OETA'L 1$◊/ll 

' \'11 STEPS;-S£E 
Sf.Cl 17L/13 

H!GH PT 
El 6. t/.b 

>I'- 0" 

{.A'lt snwc:UR( Si'M 
fiBT CL ro TH!S POINT 

_9'' 

<---I 

1........1 

tt H)tt PT 
EL 6.25 

<iO• ASCE RAil- SlOPf; ,\"•t '- 0" 

'HRTI GIL SHL ! L
SH s,cr 226/18 

,_ 3" 

ClJ I DE ROLltR 
SEt SEC1 227/ !8 

Gt,TC IN £XT£NDE!1 ?OSITiON 

-CL SHAl'T-SEE SECT 181/1~ FOR 
OEHIL OIHtNSIOHS & EQUIP 1101 SHOWN 

-TOP OF RAIL ... fl 6.00 
FACE OF GATE POCKET 

\ 

! REV Is I o_N_s ______ ---.----,-----
IL.s_Y_MJ..1 _________ 0_,_s_c_R_,_._T_l_o_N ________ _.c......O-AT_t i ~-- t,.PP".'~vu,, __ 

f'.OR Olr!ER UAH '- Rt.IL 
DETAILS SE[ SHEET 15 

GATE TIE DOW! 
S£E Sf.CT l57/i2 

WEO&E f'ls~NFAR Sil.)£ 
OF T~ENCH-Stf SECT 

2.33/ !8 

i 
WHEEL STOP TO f 111 
'$0 ASCE R4 ! L 

& 12"<' WHHL 

!f '- ', 'l '· 

CL Of f;ATE 
ST!i:UCIUR[ 

' '' /~=\::T_-_l 
~-----.. ---" ---.. - ... - ... -- -·-·---~ ,.--,--·-··----·----- -· -,-~•1... ~ -· - ----- ill .. ,, ..... --+·~ 

""'·~ -.,.,. ·_c:'tr)· -.. __ .. ..,_,;.-_-_ --~~--: __ -_-__ -_-_,_~---. ---.. -,,-_ .. ,_-___ ~---•• -.-•• --.,..-,-__ -_-_-_,,._-------------"---'~,:,;_---~ ~ ~ \ ; 

•~-,,.,.~_,,:..., ""W--~-••~ ~-,-------,-.. ---•• -,_----i!-'t:t=tt:::;=:f. 

WRL 

-ryp "E'" W1.\L'.. 
FOR O I ls ENS! OIL 
DETAILS l REIHf 
SH SHEET 9 

Cl FRAMF v:i 
SOLIO COVER 

fTI ORhlH-SIM TO 
!H'.ENf.K q,:_1~932-A 

SINGLE L(hf .. , 

'.;J,TCH-Sff 

SECT 171/1.• 

'}" 

Cl BOLT #" 

{SCLT 1101 SHOWN) 

STRUT TIE ~0'1N. 
\H HC 202/15 

•t" STUB 

PLAN SECTION 

L 
L-{iAiE SlRUCTtJRE 

SYM ABT Ct ~144\ 
,o TH Is r, 2Trn 

'/ 

l 

FlxTUP.£ SF21SO 

>, GAH IH STORED ?0$1110~ 

\11 STEPS~ 

SE"( S€CT l/'l/13 

H JG !l PT 
tL C,,25 

L. 

.1. 

GROUT 

NOTE: 

V!·. RT! CA:.. SlAL Pl.
SH. StC:T 22G/18 

;"t BOI.TS-Sct 

SECT 197/15 

GArE AND SfRUT TIE DOWN StlOWN SECT l$7/12 
APPLIES AS SIIOWH AND OPPOSITE IIAND TO ltlE 
MAIN ST. l1AH. THE STRU 7 TIC DOWN AS S!!Oi1N 
WILL BE SIMILAR fOH THE RAMP "G' OA!L lHE 
GATE TIE DO~N AS SHOWN WILL BE SIMILAR l'OR 
THE HORTH SERVICE ROAD OAH, I., 

~------------+--,----! 
SCH£: l""I '- O" 

I 

FO~ HP REINF SH SECTIONS SHffI I I 

_j 

OPPOSlTE 
HAND 

-· GAH IN EXTENDEO POSITION 

CL SHAFT-SEE SF.CT 181/1:1 FOR 

FCR ◊THE! GAff & RAIL 
DcTAILS Sf.f. SHEET 16 

W'lttl, STOP TO FJT 
60'• ASC£ ~Al L 

}-- CL Of GA TE 
SHUCTL!Rf 

DETAIL DtM£NSIO!-IS & EQUIP NOT SHOWN WHF.E L ·; 

TOP OF RAIL-EL 6.00 
, FACE OF GAH 

3 '- I I'" 

WlOGE Pls•Nf,\R Si'JE 
Of lRENCf-SEE SECT 233/ IH I 

/ 
J..J.' 

I ! !_ 9'., 
r--,--· .,.... 

G,\H Tl€ DOWN 
S'.:E. StC-1 207/16 

F t.OOR 
0 RAIN 

,,.,, ~,,---, ~I -~•-·T<, 
l~ 

P ! U: f-M8E0MtNT 
S[f:' D£T,U l llt6/ l 1 

' 

_j 
~-/~-~-! 

SECTICN 

PI LE tMSfDMEH T 
SEE OfT,\IL i'l6/l I 

Q j I :u 3' 6' 
CTID~-·-•¼·I------ l. _____ , ___ __, 

NOTES: 

FOR CONDUITS & SLEEVES 
SH SHEET 8. 

- ·1--:~ 
l1 ,_ ,·,.. 

I, Hl 'i(HlcH TIMBER Pllfc, SHO)!H OH THIS SHEET v/lU. SE PAIII FOR 
UHOE!l COHT 1l!CT PAYHEHT !'IE~ t.~' 

2, ALL BATTER((! TIMBER ?lLES SHOW~ ON THlS SHEET i'>"iLL BE ?A10 f0C! 
UNl>ER CONTRACT PAYMEHT ITEM 4b' 

3. HST PILE LOADING Will BE PAi'o ro, UND,R (QN'rl(ACT f'AYlfLNf ltfM t.,;, 
All ELECTR!r,H 110RK AHO LIGHTIHS SHOWN 0~ Iii IS Sll[f: w Ll Bf PAID 
fOi? UHDE~ tONTRACl PAYMEHT :Tt.M ··q 

5, E1UPT AS OTHERl\'ISE HOTED OA 1 NDICI.Tl:0, All WO!K SIIOWH fN 1H12 
SHHT WILLS[ PA ID UNDER CONHAC1 f'.\YM£H1 ITEH ,"' 

HAYES, SEAY, MATTERN & MATTERN 
ARCHITtCTS & fNGINEtRS 

ROAHOKt, VIRGINIA 

;svs. f:IY 
,/ 

CHIEF S flt U t;; UR A --- SfCTlON 
APP. RtC, 
CHJ£F t>UIGN BRANCH -------
APP. UC, 

CHIH fN.GINEtRlt>!G OIV!SION - .... 

IJ, S. ARMY ENGINEER DISTRICT. NORFOLK 
CORPS OF ENGi N EERS 

NORFOLK, VIRGINIA 

FLOODWALL NORFOLK, 
CENTRAL BUSINESS DISTRICT 

M A I N S T, & R A M P " ,, 

GA1E STilUClURE · SECTlPiNS 

VA. 

AP'PJ:OVU>: CODE IDENT, NO, SIL€. 

coL., cott.PS or rnc;Rs 01S.TRICT rn<m·U.tR F 
NORFOLK DISTRICT rllf NO 

C- 5o - 1 0 · I 1 ( I 2 ) 

SCALE: AS N6TEC1 I SHEET J 2 Of 3 : 
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EL 6, 25 

FOR ELECTRICAL 
OETA IL. SEF. 
SHEET q 

STA 22+0~ ,64 
.I 

W~ TtR~TOP 

,4>9EF 

;;4·,. I 2EF 

0 OWE LS TO_ 
HATCH 

EL. I 2. n_:· '-.._ 
:.,f 5-¥5 

1 

,L ,,.. 

i;tj..;9 

3"CLR(TYP) 
3.,5 

r 

NOTES: 

I. ~~~F~Egm~c~l~:~!E~iLf*E!H~iN. OH WS SHE£T WILL Bt PAtO FOR 

2. ALL BATTERED TIMB£q PILfS SHOWN OH THIS ~HHT WILL BE l'AiO FOR 
UNDER COHTP!c.T P!YMENT ITEM @. 

3. TEST PILE LOAOIHG 1'1LL BE PAID FOR UHDrR CONfRACT P4YMEHT llEM ~~. 
4. ALL HECTRICAL WORK ANO LtGHTIHG SIJOWH OH TIIIS SHHT Will 8E PAID 

FOR UHD!R COMTRAn PAYMENT nm ~t,. 
5, EXCEPT A$ OTHERWl1[ HOTEQ o,q IHDICAHD. ALL WORK SHOWN ON rn1, 

SHEET WILL BE PAIO UHDER CONTRACT PAYMfttl IIE!-1(1). 

7 
-~··-··--=~---·-= ... -~=-··---· ... ··· .•... _ .. - ........... . 

FOR TYP REINF 
SEE SECT 172/13 

I - ) ----=::-r--- .. . ...... -·-··---

4 
KO i E: ( 
ABOVE OR 

-1·· LEDGE FOR FUTURE 
, APPROACH SLAB(TYP 
VOTH SIDES) 

\ 
28 '· O' 

,---2'-0"x2'·0" SINGLE 
/ LEAF HINGED STEEL 

SCALE: f=l'-0" 

// ACCESS DOO~ W/FRAME I 
=' ~ ......... ·-•··--·· ----·--·~··-·-----,,-.,...,---,-------

-t:.....:,;;-;t11 +-I ~.r-i=. ·~'.."' ... "'.:._,..-,!':::.::: __ :: __ ~~~~-'"-.=·:,.;:~----=======· -~~ -,..------ .. __ .,. __ .,. ___ . •.,.·...---.. c,-•• -~ ,:---:-:::J_
1 

:c ... ===-===-===---c.c: ... --c.==·-=·:::· ""· -
N r- - .. ff-·----··---, ... -~ -··--- ---M••--· ·-··-···--~ -- ---- ·--r----~ 

····-2-#5 # FACE 

~,,,I· 
iL......-1\, .. , 
i.i•-o.::; n WI EHBEOOED 
L--....1 MANHOLE STEPS 

[",,, WRL 1,, CL RAIL 

l92 I'- 0 11 2'·· I?. :--·-r · ! · . 
.. ,..1{~11' 

.El7~ 
. .. .. .,. 

µq DOWEL 
·, 12 

. ,.w. 5 .. g5 
.. 65012 .\,,8-ti-5 

LIGHTIHG FlnURE Sf 2/60 

• GATE IN STORED POSITION 

EL 

(® 3 ! I 
-t.-• 

·1'7€'\ /c~lTcL 3HAF.T 
FOR DIMENSION~ 
OF .tEH RECESS 
SEE SECT· 181/1~ 

. L2x2xi 

. 3 
L2x2xs. 

'L3x3x¾ 

WELDED STUDS 

3 
L3x3xij 

) 
~5x3xg"x I 1 .. 6° 

SECT 227/18 

GH~ IN EXTENDED POSITION 

AFT•SH SFCT 181/14 FOR 
L DIMrnSIOHS & EQUIP; HOT SHOW~ 

FOf: SL£EVES SH 
fiHf.!:T ti., 

'ie~=::~====:b::=1 _ _/~1'_:E OF GATE POCKET 

& DOOR-SEE SEC-T 180//q 

SECTIO.N 
··scuE, s"=l'-O" 

'" 7ij 7" 

I °"· 5LQCKOVT 
6-¥8 .. --;- PT OF SILL•EL 6.25 WRL •· ,-, '·-.., CL 

' 

~EMOVA8LE TRENCH 
COVER W/FRAME
SEE SE◊T 230/18 

-~l: - ;q, 12 

, ... 2-115 
i · - 3-l'e , .• 

'• .. ;' . t;-. ;• . . ' .. , •,, • I '\ . • 9-P 8 

) f ·tr-'v:· t> ·\· #8012 
/. __ : 1;f: l \.t.· \· 

SECTION rJE) 1 13 13 

I 

6->8 --····· ~-··
#4@ 12 ----::::E~l=,--
2-Hs ---'°:r~ 
#ij@ 12 ----- · 

9-U-8 ----~- •:!.ii' ~':::£i-:::;;,.....,_1--,<..,__.__....;o.:_t-:-:~:.::=~ 
#8@12 ---. ,, 

SECTI-ON 

~CALF: f"=I '- O" 

SECTION 

SCALE: f =-i 1- 0 11 
C 

FOR OTHER GATE & RAIL 
fffi\lLS,SEE SHEET 17. 

S E C T 1 0 N 
SCALE: '· O" 

i 

IN 8LOCKOUTS, £TC. °f()R 
G•J1r.,r ROLLE1<s1 OP_F.RATll:J<>. 

DETAIL DWGG. 

I HG BLOCKS
SEE SECT 218/17 

-@ 
DOOR & IIIHGE 
SEE SECT 218/ 17 

~ 
I -BLOCK0UT 

,-.-•·i-·~t"'''---t-

.1'.:7 .. ~ 

HAY!:$, $£/\Y, M,\.TTERH Ii MATTERN U. S. ARMY' £HGIHEER 
CORPS OF 

FLOODWALL 

GRAPHIC SCALES 
CENTRAL 

0,.. -rl •_., T2_' ~3_" ___ 6-c-'-' __ ..,9_" __ -,1 ' 
LLC_,r ___ ~--~i-~~ 
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';,, J·SEH · 

EL 1,25 ·-- -
(TOP OF s1u\Ll 
& CL IOW' 39 .. 
ll~H GATE CLOSED) 

TOP OF RAIL EL 1,00 
a FACE OF OPEH ING 

ACCESS DOORS 
NOT SHOWN-SEE 
':HEST l1L /' 

...,.@=~ 8~/4---,(. 
\ 

2" L FRAM I NG__/ 
OPENING T & B I 

I 

.&. 

' 
I 

hrrr=="""'·m··· !· 

S E C T I O N 

CRES OFFSET 50X ENO WRENCH 
FOR I" SQ HD r 

1r~.5 UNC-2A CRES BOLT-----~ 
(RIGHT LEAF•RH THREADS; CRES pt sfx 1fxo' • sf 
LEFT LEAf•LH TIIREAOS) r PL c CL 

TYP .. 

CRES TUB I HG & GREASE FI TT! NGS 

CUT 2">xzt 5E1'L tAr., TO 
CLEAR BOLT & NUTS 

CUT FLANGE OF if TO --·--\Z"'-;'-""'-"'--¥ 
ALLOW ROTATION OF TIE 8lR 

CUT a"'Xf' TRENC/i 
SF.AT Ill WAY OF ti" 
TlcUOV/N ANCliOR It 
f1E1.D WE:J..D FoR 
WAT"-R il<:>f-17 CONNe'.<'.T, 

I 0 11 CL RAIL 

Ir BAR CONT 

. -WHEEL &_ WHEEL 
HOUSING SEE 
SECT 230/18 

L J•SEAl 

i) 

l 

L 60~ RAIL {ASCE) SLOPE 
f • I'- O" FOR TRE~CH 
DETAIL SEE SECT 230/18 

GROUT 

MAIN STREET GATE ELEVATfON 
SCHE: l"=f•. O" k ... 

'SKIN PL 

(PROTECHD SIOE VIEW SHOWING SOUTH(HFT) 
LEAF, NORTH LEA_F OPPOSITE HAND AHO SIMILAR) 

El 12.SO(GATE 
CLOSED) 

'"··' .. ""' .. ~ FLG PL S" xii . ' Jr 

·- CL ROLLERS 
EL 11.52 

•.• 3 
L 3x2x]\" 

OOOR HASP 
SEE SH I 4 

CL SijAfT 
EL 9.22 

IO [25 

SECTIQN 
SCALE: I "-I' •O" 

WHEEL·SEf SECT 230/18 

TOP OF SILL 
EL 6. 25 

.,., t- . 

SQ HD. AT TOP OF BOLT 

SOC HO CRES SET SCREW 

.. ,,-,,,-~-·~·-- 411 00·) ·I :r I oxl" THI< 

,, 
· ii Pl 

1 PROTECTED 
STOE 

EH BOLT ---

REIHF E1vE BOLT 
w/Pl 311x·r---

~" pt 

EL 
OF 

GUIDE L•SEF. 
SECT 227/18 

4 '-.J * .. .---~·-·'"-
EL 9.89 -- .. 
(GATE CLOSED) 

SEE SECT 20 I /t STRUT. ~ 
!) ,, /;' 

5'· 9:fi; CL-CL BOLT / 

, . .~ ./ ;;;:; 
I; /4~ REMOVABLE TREN 

, 1/ COVERS MOT SHO 

5. 79 

T I N 
SCALE: !"=!'- O" 

CL RAIL 

' CRES WASHER1flN ILL OV~R) 
CRES TA PEHO 
SHOULDER BOLT 

f 
·' • . ' j· 

' \ ,! -[,•,, 

,',\ l..'fPOXY ~ORTAR OVER PL 
'-- CUT TRENCH SEAT J~ ,.\,, 

:,f 1t c: .. 

I'' f 
2ii 

Off CG OF GATE 

WATER 
SIDl 

5W' l~.5 

SKIN PL 

2 

6.25 

DOWN 
SECTION' 197 /16 

.t 

SCALE: 3"~1 '· O·" 12 
~ -rt ANCHOR BOLTS 
2'- O' LG '11/6" LEG 

REVISIONS 

.... SYM DATE 

6 '- 2" r-m m¥i"~LEmEPT 
~~-,~•""'·-~·-·-~-··ff~«~•-- .. ~·· i .. C'L.JOIH, 

1· 
~ 

GATE LATCH SEE-
'SECT 228/18 

PROTECTED 
SIDE 

• WEDGE OPERATOR· 
SEE SECT 233/18 

- PIT COVER NOT 
SHOWK•SEE SH 12 

S E 

SCALE, 

T I ON 

' 

½ Y. i X d 
WELD TO 

I" 
12 ·6 UHC-2A·~ f CRES SHOULDER 

BOLT 
½1 CRES FIH WASHER 

I" ""·-·. 2 CRES PLS 

STRUT & ST5 :.,NI -~--~~fX~ 
=- J_ __ ..J·=·=;:e:=:===;;.;.e~:l;==.:r:=:~:d ~~;:-::.2~;..:.""~1-1 

L 
./ 
CLASS LC 7 f IT BETWEEN 
SOLT AND THESE PLS, 
ASREQ'O 

REAM HOLES 

SECTION 
SCALE: 3"=1 '· 0" 

l" 
4 PL CL 

DECK DRAIN-SEE CRES PL 4.21''xl"xO'- 6-,''. 
.SECT 140/ JI 

WHEEL STOP FOR 
60H RAil & 12"P 
WHEEL 

31•'P 
I ii CRES SHOULDER 

,IJ) 00\..T '10.-CRES 
CHS HEX NUTS 

Pl..------------
FOR EL SEE 
s-ecr 195/ t 5 

..f,.---·'"1----"',.f-__ ~3 n1T·!>--
T~" pl'·,, 3" 

,; '--ii CRES SWING 
BOLTS( I EA 
SIDE) 

r CRES SHOULDER 

BOLT(_HINGE ASSY) 

-- CRES WASHER 

PL,T & 8 (ORES) 

- • ..__CRES WASHERS, T &B 

r' CRES FLAT HEAD BOLTS t ~"OC 

COUNTERSIHi HOLES I~ KEEPER PL FOR BOLTS 

. - ·-fCRES SWING BOLT 

(ONE EA SIDE) 

SHOULDER 

CONT RUSSER J-SEAL 
LEFT LEAF ONLY 

-·-fSKIN PL 

,; 

·····• -ST5 

·--·- ALLOW SUFFICIENT 
L PLAY IN HINGES TO PERMIT 

, SwlNG BOLTS iO 'PULL THE 
---"U--../~--,._._,,,.,RUT SNUG "AGAINST 

q ... ril PLUG WELDS--------

OLE~-'-" J-cL MOUNT PAD~OVAL HOLE 1-..... .l.!L. .. _ RAIL IN MOVABLE PAO OHLY), 

·-·-WATER 
SIDE 

-·CL RAIL 

PL 

1 EA FACE 1, 3,, 
DRILL & TAP FOR ij Xi LONG ·- Ltt ACME THREAD 2'00, q mos PER !NCH 
CRES HEX HtAD SCREW FCR 
!.U&R I CAT! CU PLUG\ 

\ 
CRES ROD 'II/ACORN HUT EA END 

I' ', 
5"' '-.. 

3- '-.. 

<· 
L RH ACME TH~EAD 2"0~';--·- MACHINE 

q T!IOS HR I NCH BAR 
MALE THREAD AND HUS ASSEMBLY FROM 3"' CRES 

/ 
"'-._ • ·fULl PENETRATION WELD 

5" TY P•GR I ND SMOOTH ·--
Sa'\/ 2-L 3{x3-½•~ (CRES) 

8"0f CRES CHAIN \'l"ELOEO TO 
HEAD OF SHOUlDER BOLT & 

DETA ~ 
..!Sc!..C~A~LJ..E ,-"-... 3~": ... 1-•--0-• -----~-~UY 

½x¾ x o'-2'½" di act.r Hc-:.-cRES 
WE_LD TO 1'; FL 
CRES SHOULDER BOLT W/NUT (SEE DETAIL 198/15) 

CLR STOP 

STOP 

WAS EIL~f ..Al!.C..llDLIJ)J.L ~---+--'<'---, 

' ,111=-··. 
· -·- 1•\l HOLES FOR ff ANCHOR BOlTS 

CRES PL . 

:.~cl ~~ · \----,.--,,,,,l;:=1=;6,,....-' 

-~ E __ ...... . PL 

PL 

·CLASS LC7 FIT BETWEE~ 
SHOULOER 30L1 AKD Tl1fSc 
PL,. REAM ~o•.Es AS REQ'D, 

"FOR -ELEVATION SEE 

fCRES PL EA--; /__ fcRES WASHER 
SIDE 

-1-<!HAltl--,-4"-----....1<./-,-1-"'·..,...:;S.:E.;;..C.:.;T S:,.:I 95 / I 5 2 08 / I 6. 

b, f.jGTE: 
fZ)(C!i:PT AS OTHCRWISE INDICAT!;D, 
,\LL WORK SHOWN ON THIS 

jECTION 
SCALE: 

~iiEET WILL BE PAID 
Fon VNOCR COlffRACT 
PAtMENT ITE:lv\ CD. 

GRAPHIC SCALES 
0 11 2' 3' 

0 l" 2" 3 11 6' 9" I' 

HAYES, SEAY, MATTERN & MATTU 
AlCHITE<.tS & 1NG1NllRJ. 

I\OAMOKI', VllGIMJA. 

__ 210.2 .... 
15 15 

U. S. ARMY ENGINEER DISTRICT, NORFOLK 
. CORPS OF ENGINEERS 

NORFOLK, VlllGINIA 

FLOODWALL NORFOLK, VA. 
CENTRAL BUSINESS DISTRICT 

MAIN STREET GATE 
ELEVATION 

NORFOLK DISTRICT FILE NC. 

C-56-10-11(15) 
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EL 6,25 (TOP OF 

& CL I 011'39 WITH 

1---
1 

L 
'r I 

t-r ~~ 
S I LL ) .._..•·' r--.:::=..;...;:...;...;:. 
GA TE CLOSE OJ!?-

WHEEL & WHEEL HOUS!NO---
SEE SECT 230/18 

FOR DOORS 
SEE SHEET fq. 

TOP OF RAIL·EL I.OD 
t FACE OF OPENING 

2" L fR4MIHG---i··-----
OPEN I HG T & B I ·-------

. 
0 

S E C T I O N 
SCALE l '1 ::c:J , ... 0 11 

>/~ K "'" 

!0[25------------
I 8nl Ls ----;-";I 

CRES BAR l". 
3 11 x·2»xo1- 112 

OETAIL 
SCALE 3"=1 ' .. 0" 

SYM OOUT CL EXCEPl' FOR 

: 

MEET I MG ENDS l STRUT 

------..;1:-:2:J:0~8,:i 

J SEAL 

3 
, --~L3 X 2 X 8 

- PITCH LI HE OF RACK GEAR 16 '· O" OVER 
LENGTH OF RACK. RACK SECTIONS SHALL BE 
AS LOHG AS PRACTICABLE:AHD BUTTING ENOS 
S~ALL BE MILLED AHO PROPERLY MATCHED TO 
MAIKT.A!H PITCH. PITCH Ll!IE SHALL BE 
SCR mm ON HEAR s I OE OF· RACK FOR FULL 

I O\<f39 
(HORIZONTAL) 

t) 0 

. _f: I '·0" SLOPE 

0 ,, 

I_ 
60'.' RAIL (ASCE) SLOPE r=f •. 0" 
FOR, DETAIL OF TRENCH SEE 
SECT! OH 230/ 18 

R A M P " G " G A T E E L E V A T I O N 
SCALE I "=I'· Q" 

{PROTECTED SIPE V![W SHOWING LEFT LEAF, 
RIGHT LEAP OPPOSITE HANO & SIMILAR) 

WHEEL STOP FOR 
GOH RAIL & 12"~ WHEEL 

I 
,.....;ii--i---'--- EL ! 1.50 (GATE CLOSED) 

~·~-~------cl ROLLERS El 10.02 

,..-·-;:::-·-CL PINION SHAFT El 9.18 

Hll-+-1---+--~li~ 

i 
I 

PRQTfCTED SIDE----

,./ 

I , 

~·-····-~~ .. · 

ST 5Vf .10.5 

OF GATE 

·-i ------ G4TE LATCH SEE 
__.- SECT 228/18 

--·WATER SIDE 

1s 1s I 
' . 

·~1.6 
COPE LEG Of GU I DE 
ANGLE TO CLR WEDGE 

GATE CLOSURE LATCH 
SEE SECT 228/18 
(2 REQ'O AS SHOWN) 

--1'/E'LIJ'ED r PL BETWEEN 

a• cs1 BEHHiP WEDGE 
ccet , r:-L "T:::.:' :.:L i::t..Q 
f./Alt- S TC:O. 

· . .. / 

\_,,,,W" 
. KEEHAtt R R.q953A 

FLOOR DRAIN 

61 -STG .· 
CL-n SOLT 

/ m~~----CDHT ~UBBER J•SEAL 

,,~ ---
IN I> 3-12 

!Ll---"~-WHEEL SEE SECT 230/18 

- r ---+ 
~-CL JOINT !-,_ 

PL 

I ,."J 
:...;-::... -

TRENCH 
NOT SHOWN 

199 
5 IS 

LEFT LEAF OHL Y 

......,f;;11l-clt----- IO C 25 

l"ffl'"lt----,----. ff CR_ES FLAT HEAD BOLTS O q"oc 
COUNTERSINK .HOLES IN KEEPER PL 

. FOR SOL TS 

EL 6. 25 

' ~·~ ,,} 

""- '•.,,,,~;'- ' .,,..,- .""--- PIT ORA IN SEE SECT J 57 / 12 
-~.,,.--- 5 " CL RA I l 

J ,L4L ASSY 
SEt 230/!8 \ 

L...., __________ q_._'•_5..:.T..:.,; ____ _ 

1: 

SECTION 

--:;::, i 
-~_1.,--sr I f;F. 

I.IL. I 
I - IP 

BC 

WEB,WELO EXTENDED 
FLANGES OF 8C TO iOC 

EL 6. 26 

111 I" 
✓-CRES PL S"xl2 XO'· 6i 

'74'f'j;;;:::::~l:;:1i::..+.'.:::j=):~;:::;;:::fl'~j:::!.---... f 11· ANCHOR BOLTS 2'-0" 

LONG W/6" LEG CRES 

S E 

6. 25 
s~. z ,,. ..... 

I" 
Q·ST!FF PL CENTEREO-_ --\ 
OH½ STIFF PL 

3" 

'CRES PL 2 11 x.l 1'x0 1 -5" 

f CRES PL·· 

lij CRES SHOULDER BOLT 
SEE SECT 200/15 

'FOR $TROT AMO 

EL 10,73 
(GATE 

TYP 

ACME ADJUSTMENT SCREW 
MOT SHOWN • SEE 
SECT ZOI / I 5 

b¾ y o'-2'' @ BOLT 
HEAD·C:RES 
WEL.D :,-0 ½ PL. 

3" 
8 CRES PL 

r CRES PL 

OE TAIL 

SECTION 
SCALE 3"=1 1 -0" 

II 1
- 1 I 

GRAPHIC SCALES 

0 It 2 I 

I ''=I 1- Q11.,. ~· I I I I ! I 

I' 

SYM 

r SKIH PL - r PL T & ~{ CRES) 
·-·-.... CRES WASHE.RS , T&B 

CRES SWING BOLT 

SHOULDER BOLT 

DESCRIPTION 

SUFFICIENT PLAY IH HINGES TO PERMIT 
BOLTS TO .PULL THE STRUT PAD SNUG AH J HST 
PAO(OVAL HOLE IH MOVABLE PAO OHLY), 

CLOSURE LATCH 

MOTE: 
DETAIL SIMILAR TO DETAJL 200/15 

.. ---r CRES SHOULDER SOU (H IHGE ASSY) 
.il----- CRES 'I/ASHER 

NOTES: 

CRES PL 

jll !11 

2ii Xii SEAL PL 
CRES•r:HOEO 

12 

3tt{, 
-i[ CRES SWING BOLTS 

( I E·A SIDE) 

I. EXCEPT AS OTHERWISE NOTED OR INDICATED, ALL 
WORK SHOWN ON THIS SHEET WILL SE PAID FOR 
UNDER CONTRACT PAYMENT ITEM. 0 

PA"rlt APtAOV[O 

HAYES, SEAY, MATTERN J. MATTERN 
ilCHITlCTS &- JHGIMdltS 

lOAtHOKE., VIIU~0,(1.4 

U. S, ARMY ENGINEER DISTRICT, NORFOLK 
CORPS 01' ENGINEERS 

$1,18, I'( 

A • • 
ctfiuois!Gif IRAHCH -------
..... ,. JtfC, 

CH.ll!f' EN-HRlttH OMSIOM -
A PROVID: 

- CORPS 01' INGIIS DITTR!CTIHG1Nfn. 

HORFOL)(, VIRGINIA 

FLOODWALL NORFOLK, VA. 
CENTRAL BUSINESS DISTRICT 

RAMP "G" GATE 
ELEVATION 

NORFOLK DISTRlGT FILE NO. 
C-56-10-11 ( l6l 
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.. :: .. , 

- :,,-:, 

EL 11.00 (GATE 
(11.59 STORED) 

EL 6.25(TOP 01'
SILL & CL OF 
101'1'89 WITH GATE 
CLOSED) 

t FACE Of OPENING 
FACE OF OPENING 

CL RAIL 

8" 

r-I "r, SHANK EYE BOLT - (Srl~ULOcR TYPE) 2"{, EYE • / W/PLAIN WASHER & HEX HUT (R!MOVE & STORE 
1 UPSIDE OOWN WHILE NOT I« USE) 

..•. : J SEAL 

,, 
RAIL ( ASCE) SLOPE ij: I 1• 0" FOR 

DETAIL OF TRENCH SEE SECT 230/13 

~ORTH SERVICE RO AD GA IE ·ELEY A I ION 
SCALI: I ll;J '· 0 11 

(PROTECTED SIDE VIEW) 

SYM DU~RIPTION 

~ ______________________ ... _.L . --1 

0 

---·•··.---~. 
--WHEEL STOP FOi 60# RAIL 

& 12"9 WHEEL 

1NSTll.U.ATION NOT.:'.! 
L.;•,1:TE[: '"I ·.TALLt-T10N ,:.u:,,r .. 1,-1•,i(:[" JN,Y 
r,t:-.-1""\/AL -:-. 1 :·\~~-;~;·;,,r:.:~ .)-:::>t.:t..t...::, Lcr-:N,Rt 

TYP. 

HS 

" ',-Tf<t>JCH 
SEE S>iT, 1::0 

' ' 

2x2 

EL I I. 50 

CL LATCH 

~ CL L/.TCH 
..L 

SHEET PI LES 

SLOTTED HOLES 

AROUND 
UP END 

7 JI ,: 11 r- - - -- - -....;..---1--- r BAR 2" X <!" X LGTH. TO SUIT. 
DRILL e TA,P FOR ¾" <\) BOLT (TYP.) 

---'-~- f--~--J-----.---
c~" a x r;t SLOTTED HOl..£..S roR 

4 J BOLTS FOR HORIZ 
ADJUSTMENT. 

FOR ACCF.SS 
DOOR SF.F. 
SHEET I q 

·.®-:: __ _ 

2" L FRAMING 
OPENING T & B 

1 
I 
I 
I 
I 
I 

S E C T I O N 

'' I.O z 
~ () 

r STIFFEN!']'; 
OMIT if' •1, VEMi 
HOLES IN WAY CF 
LATCH EN~_.:_os1JnE. 

r--·-
0 

l 
/, 

J 
-L3x2xa 

--EL 11.00 (GATE CLOSED) 

ROLLERS 

· ~CL PIHION SHAFT 
, ___ ·- EL 3. 18 

PL 3"Xf UNDER EYE BOLT___/ 

GU I DE L & SPUR RAcX ·
SEE SECT 183/ pj 

PROTECTED SIDE ·-----'"-

\.OCA TE OM C. G. OF GATE 

CONT SX I H ?L 

FOR' SEAL ASSEMBLY 
SEE SECTION 228/18 

GTH. TO BE: Dt:TERMINEC. 
lfl FIE:LD (TYP.) 

TOP .. OF STIFFENERS 

.. _1" --STEEL SHEET PILES 

GATE 

C\. LATCH 

;.. -------~ --~ 
ST 5 lfl0,5 

( FOR PAYMENT ITEM 
/ . ~a sE:E SHT. 10) 

, C, RAIL 
I 

N 

I" 
xe PULL BAR 
E SFCT 218/17 

u;:G.N•J"'t 

10 C 25 

· ·•·--·-- WHEEL- SEE SECT 230/ 18 

-·---EL 6. 25 

WEDGE OPERATOR ----.. 
SEE SECT 233/18 

REMOVHLE TRENCH 
COVER NOT SHOWN 

3
, -·llfATER SIDE 

--·8 SKIN PL 

---
- EL 6,:/b 

-.. .. -. •• %, L 

•·i-'f-1- · 
I 

- J,,M NUT '""S'-'-E-'C_T.:.,.;:I_Oc..;..N ______ -1-...;.;..;......i 

., 2f' 
DEVELOPED VIEW 

OF WEDGE & 
PULL. BAR PL-2" I "{CONT) 

L3x3x¾ ( CONT) 
rnLL BAR ( CRES) 
TO I"• ENO 

SCALE 
~O TE, 

BOLT:- I ¾11 ¢ X3
11 

7_,c---.µ..------1---------'---
SHEEf 

13 3 
L2x~xa KEEPER H,LOIHG 
v SHL l•l ?LACE-

· .. :\·q'-> 
.. i ~- , 

£Xcrr:"f A~;· C:'t'[\',;\V:S.L: t~('Tlc :; 

L Aiet-1 .b:c.-i:ltNc',,'t' DIME)lSi0!,1$ 
AND MATERIAi..$ SHAU_ · 
CONFORM TO SE"CT. 2.28/18. 

------ If' q> VE.h'T HOLES 

J SEAL CONT A~-~-~;;:S'. 
EOf A•O 1/P rnr, 

S. E C T I O N 

__ P_L_-+!ml,11-- r q_ RAIL 

.,--·-·-- · --- f!Clll' WEU) JOINT BETWEEN HORIZONTAL . SE:1'L BLOCK 
· ASS(MBLY. AND END $£AL A.SSt:MBLY FOR A WATER

TIGHT ·coNNECTION. /.>.LL \1,/1::LDS tN COtffACT W!Tti 
SC.ALS SHALL: BE C;R,OUND SMOOTH. 

'ANCHORAGE 

ASSY·SEE SECT 21$/17 

13 

GRAPHIC SCALES 

0 I -1 2' ~HORIZ SETTIMB A,SSY SECT Io N SEE SECT 230/ IB ----·--· _________ _,.....;:.:;:.,;....,l 
SCALE; -311:: It_ O't 13 

s ''.::.::j. , .. o" 
0 I" 2" 3" 6" 9" 

3 I 

I' 

qy-flttANOHOLE 
BLOCK PRIOR 
TO PLAr.EMEHT 

-lit>H-!--·-:-1--":,_,'+ _ __,_,f-O F CO H C. • 
ti_ LATCH 

w EL.6.25 

'.;,, .. ! ____ '\,,LIL.-++-..JJ..'-1'..-.---~ i" ,IO V ERS I ZE 

HOLES (TYP)- il"+ 
DOUBLt 1:uTTSD 
AMCrlOR aous 

CL LA.I CH 

S E C T I O N 
SCALE: 1"~1 1-0" 

i'JOTE:: 
.E\lCEPT A-;, CT\-ISRVl'.:,E INDIC.ATE!:-'.L ALL WORK 
THIS 'SHt'.ET Wll,L.. BE' Pt>.ID FOR l.il-lDE.R 
p/:{~v\~ ''. l iJ:-: ~!' 0 ~ 

SHOWN 01~ 
CONTRACT 

HAYE$, SEAY, MATTERN & MATTERN 

CtUff DUIGN IRA.NCH -------
A .. l'. IUC, 
CHfEF, (MGINtERING t>JVl$10N 
APPROVlP; 

ciSC, d.f11.,s OF EMGRS PISTa.lCT ENO:T~!O. 

U, S. ARMY ENGINEER DISTRICT, NORFOLK 
CORPS OF ENGINEERS 

NORFOLK, VIRGINIA 

FLOODWALL NORFOLK, VA 
CENTRAL BUSINESS DISTRICT . 

NORTH SERVICE ROAD GATE 
ELEVATION 

NORFOLK DISTRICT FILE NO. 
C-56 · l 0-11 ( 17) 

'AS KOHO JANUARY 19 17 OF s; 
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