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1.0 INTRODUCTION  
Atkinson-Noland & Associates (ANA) conducted a one-day site visit at the McElmo Flume 
(Flume) near Cortez, Colorado to assess the integrity of the concrete and steel structural elements 
and to evaluate stabilization and repair options. Engineer Carlo Citto of ANA conducted site 
work on May 16, 2013. The structure consists of a semicircular wood-stave flume supported by a 
concrete and steel substructure (Figure 1). A plan view of the Flume is shown in Figure 2. 

 

 
Figure 1. Overall view of McElmo Flume, looking east. 

 

 

 
Figure 2. Plan view of the Flume (image from LIDAR scanning conducted by the Center of Historic 

Preservation Research, University of Colorado Denver) 
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The wood condition assessment was previously conducted by Anthony and Associates, Inc. The 
investigation conducted by ANA was limited to the steel and concrete structures. The work was 
primarily based on visual methods supplemented by appropriate nondestructive techniques. 
Sounding of the concrete was done on representative elements to determine the presence and 
extent of any delaminations within the cross sections. The following techniques were used during 
the field investigation to gather the information about the condition of the structural steel. 

Pachometer Scanning 
A metal-detecting pachometer was used to scan concrete elements in order to locate embedded 
metals such as ties and reinforcement. A Proceq Profometer 5 was used at select areas of the 
concrete supports. 

Steel Ultrasonic Scanning 
A Panametrics–NDT ultrasonic thickness meter was used to measure thickness of the existing 
structural steel elements used as part of the concrete-steel structure supporting the wooden flume. 
The objectives of the testing were to determine typical thicknesses of beam and column flanges 
and evaluate the degree of section loss due to corrosion.  

2.0 OBSERVATIONS AND DISCUSSIONS 
As a result of the structural assessment conducted at the Flume, distress conditions affecting the 
steel and concrete structures were characterized as follows: 

• Concrete cracking and spalling 
• Steel corrosion 
• Foundation erosion 

The extent of damage observed ranged from moderate to severe.  

2.1 Concrete Cracking and Spalling 
Concrete was used to encase steel elements to generate a composite section with greater 
capacity. This approach was used in the construction of the columns, diagonal braces, and a 
section of the horizontal girders near the abutments. Extensive concrete spalling and cracking 
was observed at the Flume, as shown in Figure 3 through Figure 12. The distress is particularly 
severe at the diagonal braces: of the four frames, the northern two are damaged the most. At 
these locations, the concrete at the southern braces had spalled around the entire perimeter and 
for the full length of the steel element (Figure 7). Spalling was also observed at the base of the 
four columns (Figure 5 and Figure 6) and at the encased portions of the girders, near the 
abutments (Figure 3and Figure 4). Concrete columns were also affected by vertical cracking, 
typically found along the embedded steel columns (Figure 9 through Figure 11). Concrete at the 
braces of the southern frames appears to be in good conditions.  
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The distress is primarily caused by the corrosion of the steel. As the steel is exposed to water and 
oxygen, it oxidizes and produces corrosion. After the process has started, the oxidized metal can 
expand up to 7 to 10 times its original volume, causing intense bursting forces in the surrounding 
concrete, which will eventually crack and spall. The concrete used to construct the composite 
section can also function as a protective layer for the encased steel. For steel exposed to weather 
however, the clear concrete cover outside of any steel surface should not be lesser than 1½ “ to 
be effective. At some locations, the cover was only ¾“. Furthermore, because the steel girders 
are not entirely encased in concrete, corrosion of exposed steel will likely initiate cracks in the 
adjacent concrete. Once the concrete is damaged, moisture and water will collect in the open 
cracks, with the potential of causing more corrosion. 

Metal ties were consistently observed at locations of damaged concrete. The primary function of 
these ties is to absorb tensile stresses in the concrete, substantially reducing material cracking. To 
do this, the ties need to be completely surrounded by concrete in order to develop enough bond 
to carry the tensile stresses. However, at the Flume the ties didn’t accomplish this task as they 
were incorrectly installed in contact with the steel flanges.  

 

 
Figure 3. North end of western girder showing typical concrete cracking and spalling at top flange of 

encased steel beam. 
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Figure 4. North end of eastern girder showing typical concrete cracking and spalling at bottom flange of 

encased steel beam. 

 

 

     
Figure 5. Spalling and concrete deterioration at base of columns. At left: northwestern column. At right: 

northeastern column. Severe distress conditions were observed at these locations. 
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Figure 6. Spalling and concrete deterioration at base of columns. At left: southwestern column. At right: 

southeastern column. 

 

 

 
Figure 7. South diagonal brace of northwestern frame showing severe concrete spalling. Both top and 

bottom flanges are fully exposed.  
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Figure 8. Typical spalling and concrete cracking at top of diagonal braces of southern frames.  

 

 

 
Figure 9. Typical concrete cracking (marked with red lines) at column-girder connection.  
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Figure 10. Typical vertical cracks (marked with red lines) at concrete columns. This photo shows the 

southwest frame, looking west. 

 

 

 
Figure 11. Large vertical crack at west side of northwestern column. The crack is likely due to corrosion 

of the vertical steel reinforcement that was located by Pachometer scanning.  

 



McElmo Flume Investigation  Page 8 
Atkinson-Noland & Associates, Inc.  June 14, 2013 

 
Figure 12. Concrete crack near top flange of encased steel element at north brace of northeastern frame. 

The crack extends for approximately 6 ft. Similar crack was observed at the north brace of the 
northwestern frame.  

2.2 Steel Corrosion 
Corrosion of the steel structures was observed throughout the Flume. The level of corrosion 
varied from minor (surface pitting) to moderate (flaking, less than 15% loss of original material) 
and severe (flaking, more than 15% loss of original material).  

Overall, girders are in fair to good condition, with minor surface corrosion (Figure 13). However, 
moderate corrosion was observed at locations where the girders are encased in concrete (Figure 
14). At these locations, it is likely that the steel experienced prolonged exposure to water trapped 
in concrete cracks. Corrosion was also observed at the steel inside the beam pocket. The cavity at 
the northwest end appeared empty (Figure 15), while the pocket at the north-east end appeared to 
be filled with an elastic material. ANA did not conduct additional investigation to determine the 
nature of the filling material. 

The steel at the south frames appears to be good condition. The only steel exposed at the time of 
this investigation was at the base of the columns, where minor to moderate corrosion was 
observed (Figure 17). Severe corrosion was generally observed at the columns and braces of the 
north frames, as shown in Figure 16 and Figure 18. At locations were the concrete has spalled off 
and the steel was exposed, spiral-type metal ties were observed. These ties were installed in 
contact with the steel members. The ties were in poor condition, showing severe corrosion due to 
long exposure to weather. Ties are shown in Figure 14 through Figure 19.  

Extensive corrosion damage was observed at all of the plates that provide support for the wooden 
stringers, as shown in Figure 20. In some cases, the corrosion of these elements produced 
substantial uplift of the stringers. Severe corrosion damage was also observed at the connection 
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between the diagonal brace and the girder. This condition was observed at the two north braces 
of the northern frames and is shown in Figure 19. The corrosion is particularly severe at the 
bottom surface of the girder’s flange and at the angle used to connect the two structural elements. 
The corrosion reduced the thickness of the angle to approximately 0.15”. However, it was not 
possible to estimate the original thickness at the time of this investigation. It is common for these 
types of connection to have an angle with thickness of ¼“ or greater. This would result in a loss 
of original thickness of 40%. Furthermore, corrosion was observed between the angle and the 
bottom flange. Considering that corrosion produces volumetric expansion of the metal, this 
condition has the potential of introducing additional tension in the rivets used in the connection.  

 

 
Figure 13. Minor surface corrosion affecting the majority of the steel girders exposed surface. 
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Figure 14. Moderate corrosion was observed at the portions of girders encased in concrete. This photo 

shows corrosion at the bottom flange of the east girder, near the north abutment. Note severe corrosion of 
metal ties. 

 
 

 
Figure 15. Corrosion at the girder inside the bearing pocket was observed. The empty cavity is likely to 

trap water and moisture, which will accelerate the corrosion process.  

 



McElmo Flume Investigation  Page 11 
Atkinson-Noland & Associates, Inc.  June 14, 2013 

 
Figure 16. Severe corrosion at the south diagonal brace of the northeastern frame. 25% loss of original top 

flange thickness was measured at this location. 

 
 

 
Figure 17. Typical minor corrosion at base of southern columns. At these locations, extensive concrete 

cracking with some spalling was observed. 
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Figure 18. Severe corrosion at the flange of the encased column at the northeastern frame. 55% loss of 

original thickness was measured at this location. 

 
 

 
Figure 19. Typical corrosion at the diagonal brace-girder connection. The corrosion is particularly severe 

at the bottom surface of the girder’s flange and the angle used to connect the two structural elements. 
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Figure 20. Typical severe corrosion affecting the stringers supporting plates. Note the amount of uplift 

experienced by the stringer due to the increase in steel volume.  

 
A Panametrics–NDT ultrasonic thickness meter and a digital caliper were used to measure the 
thickness of the existing structural steel elements and evaluate the degree of section loss due to 
corrosion. Results are summarized in Table 1.The thickness loss due to corrosion as a percent of 
the original thickness is quantified in the last column of the table. The original flange thickness 
used for comparison is based on values found in the AISC Rehabilitation and Retrofit Guide for 
elements with similar geometry and typically manufactured during the same years the supporting 
structures were constructed at the Flume. Field measurements were used to find the original 
sections in the AISC Guide. The matching sections are shown in Figure 21. 

This investigation confirmed that the sections of girders encased in concrete are generally 
affected by moderate corrosion, with an average loss of thickness of 12%. The diagonal braces at 
the north frames are affected by severe corrosion, with thickness loss as high as 25%. The steel 
columns are the elements that are damaged most by corrosion. While corrosion has reduced the 
original thickness up to 25% for the two southern columns, the material loss for the northern 
columns is as high as 55%. 
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Table 1. Summary of thickness measurements taken at existing steel elements.  

Location 
DA * 

(inches) 

Original  
Thickness 
(inches) 

Measured 
Thickness 
(inches) 

Thickness 
Loss (%) 

North end of east girder, 16” from 
abutment, bottom flange 

0 0.650 0.575 12 

1.75 0.923 0.800 13 

North end of east girder, 16” from 
abutment, bottom flange 

0 0.650 0.550 15 

1.75 0.923 0.840 9 

South brace of northwestern frame, 
top flange near column 

0.25 0.402 0.300 25 

South brace of northwestern frame, 
bottom flange near column 

0.25 0.402 0.380 5 

Column of northwestern frame, below 
diagonal braces, north flange 

0.25 0.398 0.298 25 

Column of northwestern frame, below 
diagonal braces, south flange 

0.25 0.398 0.225 43 

Column of southwestern frame, below 
diagonal braces, north flange 

0.25 0.398 0.354 11 

Column of southwestern frame, below 
diagonal braces, south flange 

0.25 0.398 0.300 25 

Column of southeastern frame, below 
diagonal braces, north flange 

0.25 0.398 0.350 12 

Column of northeastern frame, below 
diagonal braces, north flange 

0.25 0.398 0.280 30 

Column of northeastern frame, below 
diagonal braces, south flange 

0.25 0.398 0.180 55 

South brace of northeastern frame, top 
flange near column 

0.25 0.402 0.330 18 

South brace of northeastern frame, 
bottom flange near column 

0.25 0.402 0.300 25 

* Indicates the location of the measured point from the edge of the flange 
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Figure 21. Shape and dimensions of original steel sections from AISC Rehabilitation and Retrofit 
Guide. 

2.3 Foundation Support 
The concrete piers and diagonal braces at the south end of the flume don’t have a foundation 
system (Figure 22). The soil and bedrock that once provided support to the piers have eroded six 
to eight feet below the base of the piers. While the existing girders were able to overcome the 
lack of support without any substantial failure or collapse, the original design assumptions at this 
location appear compromised. The lack of vertical support produced vertical cracks at the 
intersection of concrete pier and girder (Figure 23). Being narrower at the top and wider at the 
bottom, the cracks can be considered flexural cracks. However, it is likely that the pier-girder 
connection was not designed and constructed to resist flexural moments. The steel girder is not 
continuous over the pier. Furthermore, a smaller steel section was used to construct the south 
beam, which spans between the pier and the abutment. The top of this beam was visible at a 
location where the concrete had spalled off. The connection between the encased steel beams and 
column is likely a shear connection and is not suitable for carrying flexural stresses. 

A different configuration was observed at the north end of the flume, where concrete piers were 
not used to provide additional support to the girders near the abutment. A diagonal brace was 
only used at the east girder and the bottom support is compromised (Figure 24). However, the 
steel beams are continuous at this location and don’t show any signs of distress directly related to 
the missing support.  
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Figure 22. Unsupported piers and diagonal braces at south end of flume due to soil erosion.  

 

 

 
Figure 23. Flexural cracks at pier-girder connection at the south end of the flume. A smaller steel beam 
was used in the construction of the south beam that spans from the pier to the abutment (steel sections 

shown in red). The connection between the encased steel beams and column is likely a shear connection. 
Similar cracks were observed at the opposite pier.  

 

 

Smaller steel 
section used at 
south beam.

S20x80 girder 
at north 
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Figure 24. Diagonal brace without support at north end of east girder.  

3.0 CONCLUSIONS AND RECOMMENDATIONS  
Based on the extent of damage observed to date and assuming that the Flume will not be used to 
carry water in the future, the structural stability of the existing structure does not appear 
compromised. Stresses in the deteriorated portions of the structures have redistributed to 
accommodate section losses. As a result, the structure found a new load path to effectively 
support the empty wooden flume. However, existing distress should be addressed to prevent 
future damage from undermining the stability of the structural elements supporting the Flume. 
Because the rate of corrosion increases over time, repair actions need to be implemented in the 
near future to stabilize the structure and avoid the risk of catastrophic collapse. Furthermore, the 
extent of damage requires that public access to the Flume be restricted to preservation activities. 

The following repair approaches are recommended to address the distress conditions at the 
Flume.  

3.1 Concrete Repair 
• Deteriorated, damaged, or defective concrete should be removed until sound material is 

reached. Care should be taken in the removal process to not damage the embedded steel.  
• All exposed steel surfaces should be thoroughly cleaned of all loose concrete, rust, and 

other contaminants by sandblasting. For limited areas with minor corrosion, wire 
brushing or other hand methods may be acceptable. 

• Surface of sound concrete should be prepared to receive the repair material by removing 
thin layers of surface concrete. Use sandblasting or other equivalent methods. 
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• A repair material compatible with the existing concrete substrate should be used to 
restore the original cross section. Conventional concrete composed of portland cement, 
aggregates, and water is acceptable. 

3.2 Steel Corrosion Repair 
• All exposed steel surfaces should be thoroughly cleaned of rust and other contaminants 

by sandblasting. For limited areas with surface corrosion, wire brushing or other hand 
methods may be acceptable. 

• Cleaned steel should be protected with appropriate coating. A zinc rich primer, e.g. 
Sherwin-Williams Corothane 1 or equivalent is recommended. 

• Diagonal brace-girder connections at the northern frames should be fully exposed. 
Because of the corrosion between the angle and the girder bottom flange, the existing 
angle needs to be removed to allow cleaning and protection of the corroded surfaces as 
described above. Based on the extent of damage observed at the existing angles, these 
elements should be replaced with new ones.  

• The girder bearing pockets should be filled with sealant to prevent moisture and water 
from collecting inside the pocket. If compatible with the preservation approach, a 
flashing could be installed at the top of the beam to shed water away from the concrete. 

• All of the steel plates that provide support to the wooden stringers should be replaced. 
The new plates should be protected with appropriate coating. As an alternative, a self-
weathering steel (COR-TEN) could be used for the replacement plates. When expose to 
weather, this material forms a stable layer at the surface with a rust-like appearance that 
functions as a protective layer for the steel. 

3.3 Foundation Repair 
• The existing piers and diagonal braces at the south end of the Flume should be supported 

with a new foundation system.  
• The existing bedrock should be exposed and evaluated. If sound rock is found, a new 

spread footing can be cast on top of it. Should the bedrock be not stable, micropiles or 
helical piers could be used to support the new footing.  

• A concrete column or wall should extend from the footing to the base of the piers. A 
concrete cap should be used to provide support to both the piers and diagonal braces.  

• Erosion protection should also be provided at the base of the new footing. A rip-rap 
structure of a wire enclosed rock gabion system would work. 
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