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1.0 Introduction 

In January of 2008, Harris County Flood Control District (HCFCD) contracted Texas Sterling 
Construction Co. (TSCC) for the construction of several improvements to a 0.9 mile section of 
Goose Creek in Baytown, Texas.  Through the value engineering efforts of TSCC and the 
structural redesign efforts of Brown & Gay Engineers, Inc. (BGE), the construction cost was 
greatly reduced and the speed of construction was significantly improved.   

1.1 Project Description 

Goose Creek runs South from Highlands Reservoir, located approximately 6 miles north-
northwest of Baytown, Texas, to Goose Lake and, finally, to the Houston Ship Channel.  The 
creek stretches approximately 8 miles between the reservoir and the ship channel.   

 

Figure 1. Project Location Map 



 2 

 

 

This project involved several conveyance improvements to a 0.9 mile section of Goose Creek 
beginning at Baker Road and ending approximately 500 feet north of Lynchburg-Cedar Bayou 
Road.  A project location map is displayed in Figure 1.  The proposed changes would expand 
and re-route the existing channel, which would increase capacity and improve flow 
characteristics.  Most of the proposed channel would also be lined with concrete or buried riprap, 
further improving conveyance and adding protection against erosion.  The most notable 
structures in the project are the 2,000 linear feet of a 54-foot-wide U-shaped channel liner 
located between Baker Road and Lynchburg-Cedar Bayou Road, and the 210-foot-wide control 
structure located approximately 200 feet north of Lynchburg-Cedar Bayou Road.   

1.2 Project History 

TCB/AECOM completed the original design of the project and issued plans for bidding in 
December of 2007.  It was designed to match an adjacent section of Goose Creek located 
downstream from the site of the proposed work.  Figure 2 shows a photograph of the existing 
adjacent channel (left) and a drawing of the originally proposed channel section (right).  The 
original design used steel sheet pile for the 6-foot-tall walls of the U-shaped channel liner as well 
as for the 13-foot-tall control structure.  HCFCD awarded the contract to TSCC.  Recognizing 
the potential for savings in construction costs, TSCC hired BGE to develop alternate designs 
using cast-in-place concrete walls in lieu of the steel sheet pile walls in the U-shaped channel 
liner and control structure.   

 

Figure 2. Existing Adjacent Channel (left), Originally Proposed Channel Section (right)  

2.0 Value Engineering 

Value engineering is a method of improving the value of a product, in this case a retaining wall, 
by focusing on what the product does rather than what it is.  In an engineering context, value can 
be defined as the ratio of function to cost.  Therefore, greater value can be achieved by making 
something function better, or cost less.  When value engineering a retaining wall or anything that 
affects the safety of the public, it is important that there is not a reduction in function along with 
a reduction in cost.  In the case of a retaining wall, the wall must retain the required amount of 
soil while maintaining the required factors of safety. 
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As a result of a value engineering effort, TSCC concluded that they could both reduce cost and 
increase function of the retaining walls by proposing an alternate design.  The proposed cast-in-
place concrete design would have the following advantages over the original steel sheet pile 
design: 

·  Reduced material cost 

·  Reduced construction cost through accelerated construction schedule 

·  Improved corrosion resistance 

·  Reduced impacts to adjacent properties 

2.1 Material Cost 

Steel sheet pile is, historically, a more expensive option than a cast-in-place concrete wall.  In 
addition, at the time that this project was bid, steel costs had reached an all time high, making the 
switch to concrete an even more attractive alternative.  Disregarding any other benefits of the 
design change, TSCC as well as HCFCD would immediately realize a substantial cost savings by 
switching to a concrete design.   

2.2 Accelerated Construction Schedule 

TSCC also recognized the potential for savings through speed of construction of the U-shaped 
channel liner.  The original design would have required driving the steel sheet pile first, and then 
placing the concrete channel bottom between the sheet pile walls.  Working between the sheet 
pile walls restricts access to the channel bottom as well as the types of paving equipment that can 
be used. 

Rather than treat the sides of the U-shaped channel as cut walls, as the original design intended, 
TSCC hoped to over-excavate the channel and construct the walls as cast-in-place concrete fill 
walls.  The over-excavation would allow the contractor to build ramps as necessary to access the 
channel bottom.  Additionally, the contractor could pave the channel bottom with more efficient 
paving equipment at a rate of 500 cubic yards per day instead of the 100 cubic yards per day that 
was estimated for the original design. 

To achieve even greater efficiency in the new design, TSCC proposed that the cast-in-place walls 
be designed in such a way that they could also be slip-formed like a highway traffic rail. 

Finally, TSCC proposed that the new design would allow the use of welded wire reinforcement 
as an alternative to conventional reinforcement to reduce the amount of time required to tie 
reinforcing steel.    

2.3 Corrosion Resistance 

Channel improvements similar to the ones originally proposed in this project have already been 
constructed along an adjacent section of Goose Creek, south of Baker Road.  The U-shaped 
channel was constructed using steel sheet pile for the walls with a concrete channel bottom.  The 
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existing sheet pile has experienced substantial corrosion and section loss.  A photograph 
displaying the extent of the corrosion on the existing sheet pile is shown below in Figure 3.  To 
prevent the same level of corrosion in the proposed section, the original design used a cathodic 
protection system to protect the steel sheet pile.  A properly designed and constructed concrete 
wall is resistant to corrosion.  If a concrete wall were used, there would be no need for the 
cathodic protection system and more cost savings would result.       

 

Figure 3. Existing Sheet Pile Wall 

2.4 Impacts to Adjacent Properties 

The section of Goose Creek being improved in this project winds through a residential area 
where the noise and potential damage to adjoining properties, caused by driving steel sheet pile 
into the ground, would be unwelcome.  Additionally, the project will be visible to residents of 
many of the homes lining the banks of the creek as well as to traffic on Baker Road.  Although it 
was not a significant factor in the design change, concrete walls could be considered an 
improvement in aesthetics over the rusted sheet pile.  
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3.0 Project Redesign 

BGE was hired by TSCC in March of 2008 to complete the structural design of a cast-in-place 
concrete alternative for the U-shaped channel liner and control structure, to be used in place of 
steel sheet pile.  In addition to the design of the concrete walls, the structural integrity of the 
channel bottom was evaluated for the new conditions.  Poor soils at the project location made 
global stability of the structures a special concern that demanded extra attention.   

3.1 Soil Conditions 

A geotechnical study was performed for this project in January of 2002 by Paradigm 
Consultants, Inc. (PCI).  In the report provided by PCI, the soils at the site were described as 
“dominated by clay and mud of low permeability, high water holding capacity, high 
compressibility, high to very high shrink-swell potential, poor drainage, level to depressed relief, 
low shear strength, and high plasticity” (3).  The clays in the area were reported to have a 
cohesion of 50 psf and an internal friction angle of 20 degrees.  During their site visit, PCI also 
observed several slope failures along the existing 3:1 sidewalls of the channel.  One of these 
failures is shown below in Figure 4.   

  

Figure 4. Existing Slope Failure 



 6 

 

 

The combination of the geotechnical test results and the visible evidence of slope failures 
indicated that the existing soils were far less than ideal.  There would be little shear strength to 
resist global failures, and the soils would exert high pressures on the proposed retaining walls. 

3.2 Global Stability 

Whenever a retaining wall or steep slope is being constructed, the global stability of the structure 
should be evaluated.  When the site has already experienced slope failures, as the site of this 
project has, global stability analysis is of the utmost importance. 

A global stability failure is the rotational movement of a retaining wall along with a large mass 
of soil around the wall.  A retaining wall can experience a global stability failure even if it is 
stable locally, meaning that it has the desired safety factors for sliding, overturning, and bearing 
failures. 

The most common method of global stability analysis is the limit equilibrium method.  This is a 
method of evaluating the factor of safety along a random potential failure surface.  It is most 
efficiently used with the help of computer software due to the high number of failure surfaces 
that are typically evaluated.  BGE used GSTABL7(w/STEDwin), a proprietary computer 
program, to perform the analysis on both the U-shaped channel liner and the control structure.  A 
typical GSTABL7 output showing several potential failure surfaces and their factors of safety 
can be seen below in Figure 5.  The limit equilibrium method assumes that everything above a 
potential failure surface acts as a rigid body, and that shear stresses along a potential failure 
surface are fully developed at the moment of incipient movement.  The factor of safety for the 
assumed failure surface is calculated by dividing the sum of the resisting forces by the sum of the 
driving forces.  The driving forces in a global stability analysis are generated by the components 
of the weight of the soil/retaining wall mass acting along the failure surface in the direction of 
assumed movement.  The resisting forces in the analysis are provided by the components of the 
weight of the soil/retaining wall mass acting opposite the direction of assumed movement as well 
as the resistance provided through the shear strength of the soil along the failure surface (Coduto 
528-529).  HCFCD requires a factor of safety of 1.5 for the long term condition where the 
groundwater level has equalized to its usual elevation, and a factor of safety of 1.25 for the rapid 
drawdown condition where the soil behind the wall is fully saturated immediately after a rain 
event.  The following factors of safety were calculated by BGE: 

·  U-Shaped Channel Walls, Long Term, F.S.=1.728 

·  U-Shaped Channel Walls, Rapid Drawdown, F.S.=1.529 

·  Control Structure, Long Term, F.S.=2.427 

·  Control Structure, Rapid Drawdown, F.S.=1.605 



 7 

 

 

 

Figure 5.  GSTABL7 Output 

3.3 U-Shaped Channel Liner Design 

There were several unique aspects to the design of the U-shaped channel liner.  The walls of the 
liner were designed to allow for slip-form construction.  This predetermined that the shape of the 
walls would match the shape of the contractor’s available slip-forms.  The result was a sloped 
6-foot-high wall that was 8 inches thick at the top of the wall and sloped out to a thickness of 
14 inches at the bottom of the wall.  Figure 6 shows a typical section of the U-shaped channel 
liner.  The additional thickness at the bottom of the wall also helped resist the high shear and 
moment calculated at the base of the wall due to the equivalent fluid pressure of 60 pcf applied to 
the back of the wall by the retained soils.  This equivalent fluid pressure assumes that the wall is 
well drained and hydrostatic pressure is not present.  At the contractor’s request, designs using 
grade 60 conventional reinforcing steel as well as grade 80 welded wire reinforcement were 
provided in the construction drawings to provide a potential for savings in the time spent tying 
reinforcing steel. 
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Figure 6.  U-Shaped Channel Liner Section 

Design of the concrete channel bottom presented a special challenge.  In the previous section, the 
global stability of the channel liner was discussed.  Satisfactory factors of safety were achieved 
only using a channel bottom with a thickness of 16 inches.  In the previous discussion of global 
stability, it was stated that the resisting forces in the analysis are provided in two ways:   

1. By the geometry and weight of the soil/retaining wall mass above the failure surface 

2. By the shear strength of the materials along the chosen failure surface   

Relating to the latter of the resisting forces, a common method of protecting against global 
stability failure is to intersect the assumed failure surface with a material that has a relatively 
high shear strength.  In this design, the 16-inch concrete channel bottom is used.  In the original 
design, the steel sheet pile was used.  Other common solutions include the use of soil nails, piers, 
or concrete cutoff walls. 

The challenge to this design comes in assuring that the channel bottom is adequately anchored 
such that the shear strength of 16 inches of concrete can be fully developed.  Another way of 
thinking about the problem is to consider what this large mass of soil and concrete is pushing 
against as it is held in place.  It is held in place by the weight of the other half of the channel 
liner.  Therefore, the channel bottom must be made stiff enough to engage the adjacent section of 
channel liner without excessive deflection, and it must be made strong enough to resist the 
moment induced by such a condition.  In the original design, the steel sheet pile was held in 
place by the passive earth pressures acting on its face.  The channel bottom was not being relied 
upon for its shear strength in the case of a global stability failure; therefore, a 10-inch slab 
thickness was sufficient. 

The first step in designing the concrete channel bottom was to determine the force that it was 
required to resist.  A free body diagram explaining the proceeding calculations is shown in 
Figure 7.  Once the critical failure surface was determined by trial and error, the driving and 
resisting forces along the failure surface could be totaled.  The sum of the driving forces was 
28,234 lb/lf of channel liner.  The required factor of safety is 1.5 for this long term condition, so 
the driving forces were multiplied by 1.5, giving a total of 42,351 lb/lf to be resisted.  The sum of 
the resisting forces, not including resistance provided by the shear strength of the concrete, was 



 9 

 

 

38,004 lb/lf.  The difference in the two totals, 4,347 pounds, is the force that must be resisted by 
the shear strength of the concrete.  

 

Figure 7.  Channel Liner Free Body Diagram 

Once the force in the concrete channel bottom was known, the amount of concrete adjacent to 
the critical section required to anchor the failing mass could be easily calculated.   

Length of concrete = 4,347 lb/150 pcf/1.33 ft (concrete thickness)/1.0 ft (design strip) = 21.75 ft 

This means that the concrete channel bottom would have to be stiff enough and strong enough to 
mobilize the 21 feet, 9 inches of concrete adjacent to the critical section.  A channel bottom 
depth of 16 inches was found to have enough stiffness to mobilize the required amount of 
concrete without experiencing excessive deflection or cracking.  Determining the proper section 
depth is an iterative process, since the change in depth affects the weight and, therefore, the 
length of concrete that must be mobilized. 

With the length of concrete required to anchor the section calculated and the thickness of the 
channel bottom selected, all that remained was a simple shear and moment design of the channel 
bottom.  The shear force had already been calculated, and the moment could be calculated 
conservatively by treating the 21 feet, 9 inches of concrete channel bottom as a beam 
cantilevered from the critical section being designed, with the only load being its self-weight.  

It is important to note that both the wall and channel bottom designs assume no hydrostatic 
pressure is present.  Therefore, the presence of properly working drains in the walls and channel 
bottom are essential to the proper function and safety of the structure.  One drain at the base of 
each wall along with four drains across the channel bottom were to be installed at spacing 
intervals of 20 feet. 

The reported factors of safety for the channel lining are only appropriate for the failure of one 
side of the channel.  This is due to that fact that the non-failed side of the channel is relied upon 
to anchor the failing side.  In discussions with HCFCD, it was agreed that simultaneous failure of 
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both sides of the channel was an unlikely scenario, and calculations of safety factors for such a 
possibility were not performed.  

3.4 Control Structure Design 

A cast-in-place concrete cantilevered wall was designed as an alternative to the original steel 
sheet pile design proposed for the 210-foot-wide control structure on the north end of the project.  
Typical sections of the steel sheet pile wall (left) and the proposed concrete wall (right) are 
provided below in Figure 8.   

 

Figure 8.  Typical Sections: Steel sheet Pile Wall (left), Cast-in-Place Concrete Wall (right) 

This structure was to be constructed using conventional forming and reinforcing steel.  The 
concrete wall was founded on 16-inch precast concrete piles at spacing intervals of 6 feet, 3 
inches.  This was, in part, due to the low bearing capacity of the soils beneath the toe of the 
retaining wall and also due to the possibility of undermining of the structure during an extreme 
event.  The wall was checked against sliding and overturning failure, and met the required 
factors of safety of 1.5 and 2.0, respectively.  Since this is a hydraulic control structure, drains 
were not used in the wall.  In design scenarios where water was present behind the structure, 
sliding forces became excessive and the lateral resistance of the piles was used to obtain the 
required safety factor for sliding.  The lateral load capacity of the piles was checked and proved 
adequate to resist the sliding forces.  The length of the precast concrete piles was calculated 
based on the resistance provided by skin friction and point bearing.  The top 10 feet of soil was 
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neglected in the pile design to account for potential scour.  These design procedures led to the 
use of 45-foot-long piles. 

4.0 Conclusion 

The conveyance improvements to Goose Creek in Baytown, Texas, are expected to be complete 
in August of 2009.  The value engineering performed by TSCC and the structural design 
performed by BGE has resulted in savings to HCFCD of approximately $410,000, which is 
roughly 5 percent of the original $8 million construction cost.  This was accomplished through 
the use of less expensive materials and innovative construction methods that led to reduced 
construction time.   

The design of the sidewalls of 2,000 linear feet of U-shaped channel liner was changed from 
steel sheet pile to cast-in-place concrete that could be slip-formed to accelerate construction.  
The full length of U-shaped channel walls were constructed in 3 weeks.  The design change also 
allowed better access to the channel bottom, which was constructed in one fifth of the time that 
was originally estimated.  Although poor soil conditions made structural design challenging, a 
safe and efficient concrete alternative was achieved. 

The design of a 210-foot-wide, 13-foot-tall control structure was changed from steel sheet pile to 
a concrete wall founded on precast concrete piles.  Although an increase in speed of construction 
is not anticipated, the change in materials will reduce the construction cost. 

Value engineering can result in a significant cost saving on a project.  The Goose Creek Channel 
Conveyance Improvements project along with the many other examples of successful value 
engineering may inspire designers to look at innovative solutions that focus on function rather 
than convention.  However, to create these successes, designers must be diligent in their review 
of these alternatives. 
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