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Extracted ACIP Piles for the New Harbor Bridge Project

The nearly $900 million U.S. 181 Harbor 

Bridge Project (HBP) in Corpus Christi, 

Texas, will include the development, 

design and construction of 6.2 miles 

(10 km) of combined bridge and roadway. 

The HBP will include the construction of a 

new six-lane Harbor Bridge along with the 

reconstruction of adjoining sections of two 

freeways. This will be the longest cable- 

stayed bridge in the U.S. when the project 

is completed. Once the new bridge is open 

to the traveling public, the existing steel 

arch Harbor Bridge will be demolished.

The Texas Department of Transpor-

tation (TxDOT) has determined that U.S. 

181 and the existing Harbor Bridge must be 

improved to maintain a safe and efficient 

transportation corridor. The existing bridge 

has safety issues associated with the lack of 

shoulders, steep grade, a reverse curve and 

an accident rate that is higher than the 

statewide average. In addition, the existing 

Harbor Bridge has high maintenance costs 

and provides no acceptable access for those 

on foot or on bicycles. Furthermore, the 

bridge’s vertical navigational clearance of 

138 ft (42 m), which met World War II 

standards when it was constructed, makes 

it difficult for the Port of Corpus Christi to 

compete with other Gulf Coast deep water 

ports because of current larger ship sizes. 

The top of the existing steel arch bridge is at 

a height of 243 ft (74 m), but the vertical 

navigational clearance of the new bridge 

will be 205 ft (62.5 m), meaning that the 

existing structure would almost fit under 

the new bridge.

The new bridge will allow TxDOT to 

improve safety, thereby reducing accident 

rates; provide better opportunities for 

moving people and goods throughout the 

region; provide adequate capacity to meet 

future traffic demand; and provide greater 

economic development opportunities for 

the Port of Corpus Christi. 

The new cable-stayed bridge will have a 

main span length of 1,661 ft (506 m) 

between the main towers. When completed, 

the main towers of the bridge will be 538 ft 

(164 m) tall, making the bridge the tallest 

structure in south Texas. The main towers 

will be supported on a group of 20 drilled 

shafts that are 10 ft (3 m) in diameter with an 

embedded length of 230 ft (70 m). The 

north tower is located where a previous 

industrial warehouse was sited, which was 

supported on closely-spaced augered cast-

in-place (ACIP) piles that are 16 in (400 mm) 

in nominal diameter and embedded 65 ft 

(20 m). Where the ACIP piles conflicted 

with the proposed drilled shafts, the ACIP 

piles had to be removed, and the amount of 

steel reinforcement in the ACIP piles 

required that each pile be extracted in one 

piece. In addition, the actual diameter of the 

piles was expected to vary significantly due 

to the layered soft soil conditions encoun-

tered in the upper 50 ft (15 m) of the profile.



reinforcing steel present in the existing 

piles, the ACIP piles had to be extracted in 

one piece rather than attempting to simply 

drill though or demolish the piles. 

However, the pile extraction process did 

allow for an interesting visual inspection of 

the pile shapes. While most of the extracted 

piles were relatively straight, many of the 

ACIP piles exhibited unusual shapes.

The nominal diameter (i.e., auger 

diameter) of the ACIP piles was 16 in 

nondestructive integrity testing tech-

nology (e.g., Thermal Integrity Profiling) 

can also be used to determine pile diameter 

versus depth in the installed piles. This 

type of testing would provide better 

information on what the pile shapes are in 

these soil conditions.
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(400 mm) but the measurements of the as-

constructed / extracted piles ranged 

between 13 and 24 in (330 and 600 mm). 

Typically, where bulges in the pile section 

were present, the bulges were not 

concentric, but tended to be on just one 

side of the pile.

A few of the extracted piles showed 

what can only be described as a seemingly 

continuous bend. Although the very upper 

section could have been straight and 

plumb, it seems once these piles started 

curving they tended to follow that same 

curve along their full length. The piles were 

clearly not “dog-legged” where they 

showed a sharp change of direction at a 

specific depth.

The piles were installed in 1999 before 

the use of  automated monitor ing 

equipment (AME) was prevalent in the 

industry. The results of these pile 

extractions in soft and variable soil 

conditions demonstrate the need for good 

quality control and quality assurance 

practices to be used when installing ACIP 

piles. Furthermore, the use of newer 
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North Tower Foundation
The foundation for the north tower is 

positioned adjacent to the Corpus Christi 

ship channel  where an industr ia l 

warehouse had been located. The 

warehouse was built in 1999 and is 

supported on ACIP piles that are either 16 

in (400 mm) or 18 in (450 mm) in 

diameter. Each of the ACIP piles are 

approximately 65 ft  (20 m) long. 

Coincidentally, the author was also the 

regional manager in charge of the ACIP pile 

installation for the original 1999 project.

The group of 10 ft (3 m) diameter 

drilled shafts that support the north tower 

conflicted with many of the existing 16 in 

(400 mm) diameter ACIP piles, such that 

the existing piles would have to be removed 

prior to the installation of the drilled shafts. 

The ACIP piles were heavily reinforced with 

relatively large diameter steel rebar and 

consisted of a 25 ft (7.6 m) long rebar cage 

at the top with four No. 9 (29 mm diameter) 

bars along with a full-length No. 9 center 

bar. The amount of reinforcing steel in the 

upper portion of the piles required the piles 

to be removed in one piece rather than 

trying to drill through them.

Soil Conditions
The soil conditions consist of a loose-to-

medium dense sand to a depth of about 

15 ft (4.5 m), which is approximately the 

depth to the groundwater and the water 

level in the ship channel. Underlying the 

sand is a very soft clay to a depth of about 

50 ft (15 m) with SPT N-values ranging 

from 0 to 2 blow/ft (per 0.3 m). A medium 

dense-to-dense sand layer with SPT N-

values of 15 to 31 blow/ft (per 0.3 m) of 

variable thickness ranging from 5 to 10 ft 

(1.5 to 3.0 m) is present below the soft clay 

stratum. The dense sand is underlain by a 

stiff-to-very-stiff clay down to a depth of 

about 90 ft (27 m) with SPT N-values 

ranging from 12 to 18 blow/ft (per 0.3 m), 

although the typical SPT N-value was 

about 12 blow/ft at the pile tip at a depth of 

65 ft (20 m). These layered soil conditions 

resulted in high grout takes (i.e., pumped 

volume) and variable diameters for the 

constructed ACIP piles. There was no way 

to know what pile diameters would 

actually be encountered in the soft soil 

conditions at this site.

Extracted Piles
The shapes of the extracted piles were 

measured and photographed so the 

variability could be documented for these 

soil conditions. Several aspects or features 

were noted from the extracted piles. Most 

of the piles showed a smooth and straight 

side, and several of the piles also showed a 

bulge in the pile section that was only on 

one side. These bulges were unusual in that 

they were not concentric but typically off to 

one side of the pile.

On Pile No. 29, the alignment of the 

pile had a noticeable bend, and exhibited 

the largest bend of any of the extracted 

piles. However, most of the piles looked 

fairly plumb after being extracted.

The bottom section of Pile No. 25 was 

unusually shaped for being installed in 

stiff clay. The bottom portion measured 

about 24 in (600 mm) in diameter, but the 

length immediately above, presumably in 

the dense sand, measured only 13 in 

(330 mm) in diameter. Of all the extracted 

ACIP piles, Pile No. 25 had the greatest 

variation in diameter.

The bottom section of the piles was 

only reinforced with a center bar, so no 

rebar cage was present at this depth. The 

typical pile tip was the shape of the auger 

bit since the piles were tipped in stiff clay. 

At the tip, the piles were slightly oversized 

relative to the pile shaft.

Conclusions
Existing pile conflicts with the 

proposed drilled shafts for the new bridge 

required many of the existing ACIP piles to 

be extracted prior to drilled shaft 

installation. Due to the amount of 
Interaction / conflict of new drilled shafts with existing ACIP piles

Significant bend in Pile No. 29 as it is suspended from a crane 

Typical geometry at the pile tip

The difference in pile diameter near the tip for Pile No. 25

Typical smooth and relatively straight shaft
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