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DESIGN CONSIDERATIONS FOR SURFACE 
MOUNTED FLOODWALL SYSTEMS  
FOR FACILITY FLOOD PROTECTION 

ABSTRACT 
Planners, Engineers, and Government Officials are often confronted with needs of Facility and 
Building Managers to implement facility flood protection programs, due to perceived risk or actual 
loss due to flood. Frequently, these programs are directed towards relocation of assets, less 
effective counter measures or acceptance of losses resulting from flooding. Surface Mounted 
Floodwall Systems provide more flexibility and an alternative superior to, relocation or “do-
nothing.” 

 

INTRODUCTION 
A Surface Mounted Foundation Floodwall System consists of reinforced concrete vertical floodwall 
-spread footing segments, connected and sealed to form a protective flood barrier for the interior 
facility or building. The wall is constructed on a shallow foundation, avoiding subsurface 
infrastructure. Integral spread footings distribute the loads to a 4” asphalt base course supported 
by an 8”compacted impermeable base fill layer.  

A watertight concrete slide gate seals the wall protecting the facility or building from flooding, 
reopening post flood to allow access and operations to continue. Surface Mounted Flood Wall 
Systems (SMFS) can be deployed for facility/building specific flood protection. Figure 1 provides a 
perspective of the typical system. 

The protection provided is effectively over and above that provided by local, state, and federal 
flood control systems. An SMFS can be designed to meet most flood challenge or site-specific 
condition faced by facility operators, government planners and engineers. The fundamental design 
template is complete for conditions that are typical of suitable low permeable soil and 
groundwater conditions. A spreadsheet-based design model computes the static, and dynamic 
loadings and code required load combinations applied to the structure. 
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FIGURE 1 RSA SURFACE MOUNT FLOOD PROTECTION SYSTEM 

DESIGN TEMPLATE SITE CONDITIONS 
Using advanced computer aided techniques, applying site specific conditions to the design, the 
Design Template for the SMFS can be tailored for any site and array of site-specific conditions. 
SMFS are very well suited for public or private facilities or buildings that are subject to chronic 
flooding and do not have the means to relocate or that may or may not be protected by existing 
or future public flood control systems. An SMFS brings flood control to the site, providing an 
alternative to “do nothing,” for those facilities with less means and whose communities are being 
adversely impacted and would be further severely impacted by the loss or relocation of the facility 
or building. 

A typical site would include a building or facility in or around low-lying areas, streams, or rivers. 
The risk due to flooding to these facilities may be moderate to severe. Facilities and buildings in 
Risk Categories III and IV, Table 1604.5, IBC 2018; and are subject to potential or chronic flooding, 
should consider an SMFS as a cost-effective approach to mitigating risk due to flooding. 

The standard template for the 10 FT SMFS is designed for a 10 ft base flood elevation (BFE). The 
basic 10 ft section measures 15 ft horizontally at the base existing ground elevation. The footing is 
3’ 6” thick. Measuring from the top of the footing, the wall section is 6 ‘ 6” tall. The complete unit 
measures 10 ‘ from existing grade. The footing and wall section dimensions vary along the length 
of the cross-section for segments where the risk is lower or the ground elevation is higher with 
respect to the BFE, maximizing effectiveness and minimizing costs. Other modules are used for 
corners and site-location specific flood elevations. Figure 2 provides a perspective of modules that 
can be applied to maximize cost effectiveness. 
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Figure 2 Typical SMFS SECTIONS  

 
SMFS STRAIGHT SECTION SMFS CORNER SECTION 

 

SMFS REDUCE CROSS-SECTION FOR LINEAR BFE 

 

SMFS TYPICAL CORNER FORM 

 

SMFS VARIABLE CROSS-SECTIONS 
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FOUNDATION  
The asphalt seal-slab extends to 12” beyond the profile of the floodwall and prevents seepage 
directly beneath and increases the hydraulic gradient across the wall. The base of the wall is placed 
at pre-existing grade. An asphalt filet seal is placed at the wall base wet side to further prevent 
seepage directly beneath the footing. 

Soil bearing pressures resulting from the weight of the structure, dead load, are calculated to be 
0.640 kips/ft2 (ksf). This is the day to day load on the asphalt seal slab and subgrade. Soil bearing 
pressures resulting from the hydrostatic, hydrodynamic and debris impact forces during the design 
storm event conditions is calculated to be 2.0 ksf at the toes.  

The relatively low soil bearing pressures makes the SMFS suitable for a wide range of site soil 
conditions. Figure 3 shows the base reactions under day to day, dead load, and flood service 
conditions. 

 

Figure 4, The International Building Code 2018, Table 1806.2 , provides the Presumptive Load 
Bearing Values covers most types of soils encountered in construction. The relatively low design 
soil bearing pressures demonstrate that an SFMS is suitable for just about any site solid conditions.  
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WALL AND FOOTING STRUCTURAL 
The footing and wall structure are constructed of cast-in-place or precast reinforced concrete. 
Rebar is standard 60 ksi. steel and the concrete compressive strength specification is 5,000 psi. 
The wall and footing are cast monolithically using pre-shaped forms. Prefabricated reinforcing 
steel cages are placed onto the asphalt seal slab. A single form is used to cast the wall and footing 
segments monolithically with the vertical wall. The system performs as a “water” retaining wall 
during design or lesser storm conditions and as a security barrier at all times. The factor of safety 
against overturning and sliding during design storm conditions are 1.5 and 1.6, respectively. Figure 
5 shows a steel cage, forms, poured forms and finished product 

Figure 5 - 10 FT Template Profile 

  

  

Forces during flood service conditions include hydrostatic , hydrodynamic and debris impact  loads 
to occur during a 10 FT BFE event. Design water velocities are calculated at 6.5 fps. ASCE 7-10 
design criteria allow the hydrodynamic loadings from moving water to be converted to an 
equivalent hydrostatic surcharge load added to the BFE elevation and the resulting hydrostatic 
load applied to the projected area of the wall. Impact loads are calculated from a 1,000 lb. object 
striking the top of the wall. Figure 6 is an example template design approach. Figure 7 provides a 
graphical representation of the individual and combined loads for hydrostatic, hydrodynamic and 
impact. 
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FIGURE 6A EXAMPLE SMFS TEMPLATE DESIGN 

 



Surface Mounted Flood Protection Systems  
for Facility Flood Protection 

July 16, 2020 

9 

FIGURE 6B EXAMPLE SMFS TEMPLATE DESIGN 
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FIGURE 6C EXAMPLE SMFS TEMPLATE DESIGN 
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FIGURE 6D EXAMPLE SMFS TEMPLATE DESIGN 
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FIGURE 7 SERVICE LOADS 
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MECHANICAL GATE 
A concrete mechanical sliding gate seals the interior during flood conditions, reopening allow 
access and operations to continue following flood conditions. The gate consists of a reinforce 
concrete frame that is tied into the adjoining flood wall. A 27 ft long by 1.5 ft thick concrete block 
slide wall forms the wall seal. 

The wall block slides on steel roller wheel bearings located on a bottom side of the sliding gate 
panel and a guide track is located on the base section. The roller wheels mate with the guide track 
and allow the sliding gate to move along a recessed sealed channel. A system of overhead pulleys, 
motor and frames hold much of the load from the wall block. A motor and pulley system moves 
the wall block into the opened and closed positions. An emergency manual crank system provides 
backup in the event of a power loss to the facility. Design gear ratios allow manual operation of 
the gate with a single operator. Figure 8 provides a detail of the concrete mechanical gate 
assembly. 

 

DRAINAGE AND PUMPING 
A typical site is located adjacent to a river, bayou, or other stream. Recent and frequent historical 
flooding events may have inundated these facilities for extended periods of time. In many cases, 
prior planning and capital efforts did not address flooding due to extreme, previously 
unexperienced events. These events have in these cases, overcome other pressing needs of the 
owner(s)/community. SMFS provide a rational solution to owners/operators to relieve their efforts 
to protect their buildings and facilities from flooding and poor site/regional drainage. It is as easy 
as it looks. It is hard to imaging building a 10-foot wall on dry land to prepare for what is sure to 
come. Or a flood wall that is not supported by long piles into the ground. 
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Flow nets and groundwater intrusion also come to mind. To address site specific conditions or 
special considerations for groundwater intrusion, more sophisticated tools including HydroCAD 
and GMS can be used in conjunction with an aerial lidar survey and a soil boring network, tied to 
survey control to precisely apply the SMFS to a specific site  

Figure 9 provides a rational approach to consideration for groundwater infiltration. Assuming the 
influence of the floodwater elevation decreases with respect to the distance away from the wall, 
a 6’ x 6’ x 2100’ soil cross-section is chosen for the analysis. Applying Darcy’s equation, Q = KiA , 
the calculated infiltration rate is 0.012 cfs. 

 

Under typical site conditions, the flood wall system is supported on a sandy silty soil profile. A site 
requiring a 2100’ floodwall would occupy approximately 0.35 acres. Using the rational method for 
calculating stormwater runoff from that rainfall inside the floodwall, runoff flows are calculated at 
0.12 cfs. Note 0.2 cfs ~90 gpm. This represents the sheet flow from rainfall inside the wall system, 
for this 0.35-acre facility. 

Drop inlets are strategically placed behind and near, ~10’ from the flood wall base. The inlets are 
placed below the pre-existing grade directing radial sheet flows to the drainage system. The drop 
inlets are tied to the drainage system with schedule 40 PVC pipes, sloped to discharge to a pump 
sump. A vertical turbine pump directs the discharge up and over to the flood side of the wall. An 
independent drop inlet sump pump is provided to drain the rainfall and intrusive groundwater 
along the length of the forward flood wall segments. Typical pumps used are vertical turbine water 
pumps, 5 hp to 15 hp. Goulds Canned Lineshaft Pumps range in capacities from 50 to 20K gpm. 
Using a stormwater computer modeling system, the location, number of inlets, sumps and pump 
can be strategically placed to optimize the floodwall plumbing system. Figure 10 provides a 
perspective of the plumbing system in relation to the flood wall. Figure 11 is a high-resolution 
rendering of the plumbing system in service 
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FIGURE 10 SMFS PLUMBING SYSTEM 
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Figure11 A High-Resolution Rendering  Plumbing System in Service 
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The floodwall and plumbing are an integral, state-of-the-art, flood protection system. Public 
Facility Managers and Owners should consider an SFMS essential to the design and function of 
their real and improved assets.  

RELIABILITY 
RSA performs an aerial drone lidar survey of the facility to provide a dense point cloud with the x, 
y, z of lidar return signals tied to ground survey control. The point cloud is post process to a 3-
Dimensional, extremely accurate representation of the site. This surface is used to prepare the site 
grading and drainage plan, wall alignment and variable segment design, plumbing plan and return 
period flood analysis. Figure 12 is a representation of the aerial drone lidar survey. The figure 
shows the point cloud and the ground survey control. 

FIGURE 12 LIDAR AERIAL DRONE SURVEY 

 

Delivery of the BFE criteria must be based on the most up-to-date regional rainfall data obtained 
from local, state, and federal sources. Storm curves are developed for the site and are then input 
to one or more computer software models, SWM, HydroCAD, or HEC-RAS to assess any project 
return interval criteria, 25, 50, 100 or 500 yr. event. 

To compliment the aerial lidar survey a network of soil borings will yield site specific soil profiles 
and other soil characteristics. Combined with the lidar data, the geotechnical information can then 
be utilized with GMS to assess the hydrology of the site more accurately. 
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CONCLUSION 
Installation of an SFMS is a rational approach to flood protection. It affords the Owner a solution 
absent local or regional flood control project(s). Further, an owner may decide that flood 
protection provided by regional systems is not sufficient to address concern for ever more frequent 
historical rainfall events. The RSA SMFS is a practical solution to site specific flood protection 
needs. 

Construction is straight forward. Steel cages and forms are combined for a monolithic continuous 
placement. The shallow 12” excavation required relieves the owner of design and construction 
fees to relocate subsurface utilities or structures. The system does not require costly pile design 
and construction. 

The compacted 8” fill and 4” asphalt seal slab provides an impermeable structure beneath the wall. 
Along with the asphalt fillet seal along the wet side of the wall prevent water from interfering with 
the bearing surface of the wall footing and increases the hydraulic gradient across the wall. 

The structural profile dimensions are adjusted using computer aided techniques to maximize the 
effectiveness both in flood protection and costs along the length of the wall. The BFE remains fixed 
and the wall height and cross-section are adjusted to match existing grade. The BFEs are computer 
generating using advance stormwater computer modeling. 

Groundwater intrusion is expected to be minimal with respect to rainfall inside the perimeter of 
the wall. Some minor grading and installation of drop inlets at specific locations promotes radial 
sheet flow to the drop inlets. The drop inlets discharge to sumps with vertical turbines sized 
according provide a secure and reliable plumbing system. 

The structural design is accordance with the ASCE 7-10 and FEMA 55, the manuals for design loads 
for these structures. All hydrostatic, hydrodynamic, and impact forces are accounted for using 
these methods.  

The 10 FT BFE is designed for a 6.5 ft stillwater elevation with respect to the bottom of the footing. 
The reduction from 10 ft to 6.5 ft is associated with the probability that a 10 ft water level would 
actually occur. 

One or more concrete mechanical sliding gates can be installed for accessways. The concrete slide 
gate on roller wheel bearings is moved by an overhead motor, gear, and pully assembly. The weight 
of the concrete slide wall is supported by coated steel frames and the overhead gear and pulley 
assembly. An electric motor moves the slide gate into and out of the closed position. A backup 
manual crank is provided with a sprocket and gear ratio, allowing for operation by a single 
operator.  The slide gate seals the system from flood intrusion at accessways, providing a complete 
flood protection system. 
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