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Photo 1  
Juniper/Trinitie Trail Culvert looking West 

 



Introduction: 
 
This report has been prepared for Rachel Patrick and the Town of Southern Shores to address the persistent 
settlement issues on the roadway above the Juniper/Trinitie Culvert and find a long‐term solution to the 
problem.   
 

Background: 
  

Portions of the roadway across the Juniper/Trinitie Culvert have been settling for many years.  Multiple repairs 
have been made.  There are currently two depressed areas on each side of the culvert centerline.  The cross 
section of the bridge is attached to this report which shows the base and surface courses of the bridge.  John 
Abel, NCDOT, in a conversation with Rachel Patrick of the Town of Southern Shores, stated that there were 
settling issues previously prior to tie‐backs not initially being either properly installed and/or missing.  As a 
result, NCDOT went back and reconstructed/added the tie‐backs several years ago.  The last time settlement 
occurred one could visibly see the metal culvert starting to slightly collapse.  No soil compaction records have 
ever been provided by NCDOT. 

Pavement depressions (settlement) in localized areas of limited size are sometimes accompanied by cracking.  
When water collects in these depressions they become not only a source of pavement deterioration but also 
A hazard to motorists.  Depressions are caused by traffic loads heavier than the substrate below is able to  
support.  

 
Observations: 
 
The centerline of the culvert under the roadway is the road high point as it crosses over the culvert.  
Unfortunately, there is one area to the North and one area to the South of the culvert centerline which have 
settled significantly across the entire width of the road.  These settled areas occur in an area eleven to 
thirteen feet from the culvert centerline/high point and occur on each side of the culvert centerline.  The 
depressed areas have resulted in two consecutive dips for motorists traveling over the bridge.  Water now 
ponds in these areas despite the overall relatively aggressive drainage slope from the culvert centerline North 
and South.  

 
 



 
Photo 3 

Interior ceiling of the culvert looking West 
 
 

There are numerous potential causes for this differential settlement including the five detailed and discussed 
below.   
 

1. Improperly compacted backfill. 
2. Substandard backfill materials (material with excessive amounts of decaying organic material). 
3. Erosion and soil migration from under the road bed (down into the canal). 
4. Inadequate asphalt subgrade. 
5. Natural settlement combined with repeated vehicular traffic loads. 

 
The most recent repair occurred in 2015 but the settlement continued.  As a result, the potential causes of the 
settlement can be narrowed to the following: 
 

1. Substandard backfill materials (material with excessive amounts of decaying organic material). 
2. Erosion and soil migration from under the road bed (down into the canal). 
3. Natural settlement combined with repeated vehicular traffic loads. 

 



Geotech borings were taken this year and found areas of poorly graded sand, silt and organic matter.  As a 
result, the following recommendations were made by GET Solutions, Inc.: 
 

Given the findings of the subsurface exploration procedures, it is our opinion that a shallow foundation 
system is not a feasible option considering that the footings would be founded on FILL soils. As such, the 
proposed bridge should be supported by deep foundations consisting of round timber or 12‐inch pre‐
stressed pre‐cast concrete piles. Although the maximum foundation loading conditions associated with 
the new bridge were not known at this time, it is expected that they will be required to support HS‐20 
loading conditions. However, based on our experience with similar projects, the maximum pile 
foundation loads are not expected to exceed about 20 to 25 tons for round timber piles or about 50 tons 
for 12‐inch pre‐cast concrete piles.  
 
The structural slab option should be supported by deep foundations consisting of either round timber or 
12‐inch pre‐stressed pre‐cast concrete piles. Although the maximum loading conditions associated with a 
structural slab were not known at this time, it is expected that they will be required to support HS‐20 
loading conditions. Additionally, they are expected to vary relative to the selected pile type and 
potentially range from about 20 tons to 50 tons.  
 
The finished deck elevation of the bridge or finished grade elevation of the alternative structural slab 
option is anticipated to coincide with existing site grade elevations. However, an excavation depth 
ranging from approximately 2 to 15 feet may be required in order to effectively remove the existing FILL 
and/or culvert system for the construction of a new bridge. At this time it is anticipated that the existing 
natural sloped embankments adjacent to the construction area will remain (side slopes). As such, fill 
operations are not expected to be required in order to establish the design grade elevations within the 
approach and embankment areas. Due to the conceptual stage of this project and the unknown necessity 
of sloped embankments on the canal side of the bridge option (end slopes), slope stability analysis has 
not been included in our scope of services at this time. Once the design has been selected and if needed, 
G E T Solutions, Inc. can complete a slope stability analysis upon request. 

 
 

 
Conclusions: 
 
Substandard backfill materials (material with excessive amounts of decaying organic material) 
Poorly graded sands, silt and organic matter were found in the borings. 
 
Erosion and soil migration from under the road bed (down into the canal) 
No evidence was seen of erosion or soil migration from under the road bed into the canal or to the sides of the 
embankments.  The interior of the culvert was inspected and it looked clean, no soil migration was observed 
anywhere around the culvert or embankments.  However, this is definitely not to say erosion and soil 
migration are not occurring.    
 
Natural settlement combined with repeated vehicular traffic loads 
Natural settlement of backfill (under repeated vehicular traffic loads) over time can be expected.  The goal is 
to expedite that settlement during the construction and compaction process thereby reducing future, post‐
construction, settlement as much as possible.  Deeper backfill depths (as we have) will naturally result in 
greater settlement when compared to shallower backfill depths.  Regardless of how well backfill is compacted, 
a certain amount is likely over time, especially with repeated vehicular loads. 
 



It takes time to properly compact upwards of eighteen vertical feet of backfill as it is typically compacted in 
vertical “lifts” or sections.  If these lifts are too large or not properly compacted at each stage they will see an 
increased amount of settlement, especially with repetitive vehicular traffic loads.  Even properly compacted 
backfills can and do settle over time, more so with repeated loading.  Factor in decaying organic matter and 
the settlement issues can be magnified. 
 
In order to put this persistent settlement problem to bed a deep foundation is recommended as stated in the 
Geotech Report by GET Solutions, Inc. prepared on October 21, 2016.  The deep foundation would consist of 
deep pilings.   Either a precast concrete bridge made by Contech or a structural roadway slab designed by a 
structural engineer are the two best options.  A precast concrete bridge made by Contech would likely 
required fewer pilings and be able to span a greater distance than a conventional, poured‐in‐place, reinforced 
concrete slab and result in shorter construction time. 
 
 

Recommendations: 
 
The settlement is likely due to several of the above‐mentioned factors including natural settlement.  While soil 
borings have provided some additional insight into the root causes of the settlement, a deep piling foundation 
and precast, pre stressed/post‐tensioned bridge by Contech (or similar) is the best option to eliminate it.   
 
As a result, at this time, a precast concrete bridge as manufactured by Contech (or equal) is the 
recommendation.  All existing vertical and horizontal clearances for boats in the canal would either be equaled 
or exceeded with the new bridge.  Upon approval to move forward, all costs associated with such a project will 
be identified as accurately as possible and submitted for review. 
 
 

 

 

 

 

 

 

 

 

 

 

 





The design and information shown on this drawing is provided as a 
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Engineered Solutions LLC ('CONTECH').  Neither this drawing, nor 
any part thereof, may be used, reproduced or modified in any 
manner without the prior written consent of CONTECH.  Failure to 
comply is done at the user's own risk and CONTECH expressly 
disclaims any liability or responsibility for such use.

If discrepancies between the supplied information upon which the 
drawing is based and actual field conditions are encountered as 
site work progresses, these discrepancies must be reported to 
CONTECH immediately for re-evaluation of the design.  CONTECH 
accepts no liability for designs based on missing, incomplete or 
inaccurate information supplied by others. MARK DATE REVISION DESCRIPTION BY
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GENERAL NOTES:

1.  THIS BRIDGE HAS BEEN DESIGNED FOR GENERAL SITE CONDITIONS. THE PROJECT ENGINEER SHALL BE 
RESPONSIBLE FOR THE STRUCTURE'S SUITABILITY TO THE EXISTING SITE CONDITIONS AND FOR THE 
HYDRAULIC EVALUATION --INCLUDING SCOUR AND CONFIRMATION OF SOIL CONDITIONS.

2.  PRIOR TO CONSTRUCTION, CONTRACTOR MUST VERIFY ALL ELEVATIONS SHOWNTHROUGH THE ENGINEER. 

3.  ONLY CONTECH ENGINEERED SOLUTIONS LLC, THE CON/SPANⓇ APPROVED PRECASTER IN NORTH 
CAROLINA MAY PROVIDE THE STRUCTURE DESIGNED IN ACCORDANCE WITH THESE PLANS.

4.  THE USE OF ANOTHER PRECAST STRUCTURE WITH THE DESIGN ASSUMPTIONS USED FOR THE CON/SPANⓇ
STRUCTURE MAY LEAD TO SERIOUS DESIGN ERRORS. USE OFANY OTHER PRECAST STRUCTURE WITH THIS 
DESIGN AND DRAWINGS VOIDS ANY CERTIFICATION OF THIS DESIGN AND WARRANTY. CONTECH Engineered 
Solutions, LLC ASSUMES NO LIABILITY FOR DESIGN OF ANYALTERNATE OR SIMILAR TYPE STRUCTURES.

5.  ALTERNATE STRUCTURES MAY BE CONSIDERED, PROVIDED THAT DRAWINGS AND CALCULATIONS SIGNED 
AND SEALED BY A PROFESSIONAL ENGINEER, REGISTERED IN THE STATE OF NORTH CAROLINA, EMPLOYED BY 
THE PRECAST CONCRETE BRIDGE SUPPLIER, ARE SUBMITTED TO THE ENGINEER 2 WEEKS PRIOR TO THE BID 
DATE FOR REVIEW AND APPROVAL.

6.  ALTERNATE STRUCTURES MAY BE CONSIDERED, PROVIDED THAT THE ALTERNATE DESIGN DOES NOT REDUCE 
THE HYDRAULIC OPENING OF THE STRUCTURE AS SHOWN ON THE DRAWINGS.  AT A MINIMUM THE 
ALTERNATE STRUCTURE MUST PROVIDE THE SAME OR LARGER SPAN AND RISE AS THE STRUCTURE SHOWN ON 
THE DRAWINGS.

7.  THE PRECAST ARCH SUPPLIER MUST ATTEND THE PRE-BID MEETING, IF ONE IS HELD.

8.  SUPPLIER OF PROPOSED ALTERNATES TO A CON/SPANⓇ BRIDGE SYSTEM MUST SUBMIT AT LEAST TWO (2) 
INDEPENDENTLY VERIFIED FULL SCALE LOAD TESTS THAT CONFIRM THE PROPOSED DESIGN METHODOLOGY 
OF THE THREE SIDED/ARCH STRUCTURE(S). THE PROPOSED ALTERNATE, UPON SATISFACTORY CONFIRMATION 
OF DESIGN METHODOLOGY, MAY BE CONSIDERED AN ACCEPTABLE ALTERNATE.

9.  PROPOSED ALTERNATE STRUCTURES MAY BE CONSIDERED, PROVIDED THAT THE PRECAST CONCRETE 
BRIDGE STRUCTURES ARE PROVIDED BY A SUPPLIER THAT HAS A MINIMUM OF TWO (2) REGISTERED 
PROFESSIONAL ENGINEERS ON STAFF THAT ARE DEDICATED TO THE DESIGN OF THESE TYPES OF STRUCTURES. 
SUPPLIER MUST PROVIDE THESE NAMES, P.E. LICENSE NUMBERS AND DATES OF HIRE AT TIME OF ALTERNATE 
SUBMITTAL. 

DESIGN DATA

DESIGN LOADING:
BRIDGE UNITS: PHL-93
HEADWALLS: NONE
WINGWALLS: NONE

DESIGN FILL HEIGHT: 1'-0" TO 4'-0"
FROM TOP OF CROWN TO TOP OF PAVEMENT.
DESIGN METHOD: LOAD RESISTANCE FACTOR DESIGN PER AASHTO LRFD SPECIFICATION ASSUMED NOMINAL 
BEARING RESISTANCE: 0 PSF
ASSUMED FACTORED BEARING RESISTANCE: 0 PSF 

*AT THE TIME OF DESIGN, A GEOTECHNICAL REPORT FOR THE PROJECT SITE WAS NOT AVAILABLE. IT IS THE 
PROJECT ENGINEER'S, OWNER'S AND/OR THE CONTRACTOR'S RESPONSIBILITY TO VERIFY THAT THE ACTUAL 
SITE CONDITIONS AT THE TIME OF CONSTRUCTION ARE CONSISTENT WITH THE ASSUMED ALLOWABLE SOIL 
BEARING PRESSURE WITH A GEOTECHNICAL INVESTIGATION FROM A QUALIFIED GEOTECHNICAL ENGINEER.

MATERIALS
PRECAST UNITS SHALL BE CONSTRUCTED AND INSTALLED IN ACCORDANCE WITH CON/SPAN® 
SPECIFICATIONS. CONCRETE FOR FOOTINGS SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSF. 
REINFORCING STEEL FOR FOOTINGS SHALL CONFORM TO ASTM A615 OR A996-GRADE 60.

BRIDGE PLAN

42'-0" (OUT TO OUT)
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