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components of the pier structure were loaded in a manner that would not have been considered in

their design. 

The weather forecast immediately after the event called for poor conditions including rain and

high wind. There was no confidence that the wrecked state of the gantry system would be

adequate to support the dead load of the crane with additional lateral loads due to wind. The

crane was in danger of collapse and that emergency stabilization efforts were required to

eliminate the potential for additional damage to the crane, loss of the crane entirely, or additional

damage to the pier structure. 

Immediate steps were taken to enhance the stability of the crane structure as follows: 

1. Wide flange columns/braces were welded to the sill beam at all four corners of the crane.

The columns/braces were angled down from the sill beam to the top of the pier’s concrete

deck. In some cases, the bottom of the columns/braces were secured with water laden

containers. 

2. At least four of the eight main equalizer beam connections to the intermediate beams

were in a visible state of failure. At these locations, the bolts securing the connections

failed allowing the components to separate. Plate materials were field cut and welded

between the separated components in an effort to preserve the post event condition of the

connection.

3. In a clear weather window, the crane was further stabilized by removal of the

compromised gantry assembly components below the main equalizer beam and placing

the remaining crane structure on cribbing as follows:

a. Utilizing ZPMC NA’s crane transporter beam (Big Bird) and Berard’s Self

Propelled Modular Transporters (SPMT’s), the crane structure was lifted and

relocated to the north end of the pier. During the relocation work the damaged 8x

intermediate gantry assemblies (below the main equalizer), the 2x stowage pin

brackets, the 4x tie down devices, portions of 2x landside stairways, and the

checkers cabin were removed and placed in the yard. 

b. The crane was placed on crib stacks of various materials provided by ZPMC NA

and Berard in a strategic location of the pier which was suitable to support the

crane dead weight with limited points of support. 

c. Utilizing ZPMC NA’s cribbing materials and their climbing jacks the crane was

further and systematically lowered in elevation by about 4.5 ft until it rested

firmly on 8x high capacity stands provided by ZPMC NA and Berard.

Recommendations for Permanent Stabilization and Storage:

Although the emergency stabilization effort was completed, we are recommending additional

stabilization efforts to secure and store the crane for a period of 6 months or more while

replacement parts are procured and final repairs can be implemented. 

1. As we expect that the procurement and installation of the needed replacement parts will

take over 180 days, the current and governing building code stipulates that the means to

secure the crane must be suitable for full hurricane winds. Therefore, we recommend that

the crane, pier and support stands are analyzed for stowed load combinations including

hurricane winds. If required by analysis, additional stands and tie down devices should be
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added. This analysis is currently in the works and we have confirmed that at a minimum

tie downs must be installed between the crane structure and the pier to prevent toppling in

hurricane winds. We are still working toward verification of the pier and stands. 

2. The gantry level crane-to-crane collision absorption system (bumpers) were removed

with the damaged gantry assemblies leaving the crane vulnerable to gantry collisions. We

recommend that temporary gantry end stops be fabricated and secured to the concrete

gantry rail beams between Crane #37 and the adjacent operating crane. The intent of

these end stops would be to prevent the adjacent ship to shore crane from inadvertently

colliding with the subject crane. 

Recommendations for Repair: 

The following outlines our recommendations for repair and returning the crane to service.

1. In order to eliminate doubt, replace all main equalizer beam to sill beam connection bolts.

All of the collision forces flowed through these connections/bolts. The connection/bolts

in question are not designed for such a load case. 

2. During our inspection work on February 5th, we noted that although the distance between

the main equalizer pins at corners 1/4 and corners 2/3 measured within ¼” of each other,

the straight-line measurements between the ends of the main equalizer beams at corners

1/4 and corners 2/3 varied by as much as 2 11/16” from the least to the greatest. This is

an indication that some or all of the main equalizer beams may have rotated at their

connection to the sill beam and/or that there could be damage to the main equalizer beam

that has permanently changed their shape. We recommend that a licensed land surveyor

be engaged to complete a thorough survey of the main equalizer beams relative to the sill

beams. The survey information should then be evaluated to see if additional repairs are

required at the main equalizer beams. While the surveyor is on site, it might be

convenient to complete a survey of points of the boom relative to the sill beams for final

verification that the boom-girder are correctly aligned. 

3. Although a brief visual inspection of the crane has been completed, it focused on the

point of impact, alignment of the boom-girder, and the gantry assemblies. We

recommend that a more thorough point to point visual structural inspection is completed

on the remaining crane structure.

4. All damaged platforms at the boom tip should be repaired. In addition to the platforms

the walkway lighting system and lighting grounding system will need to be repaired. In

order to complete this work, the crane will need to be boomed down and the trolley used

to transmit materials to the boom tip. The current support system for the crane as well as

the pier structure will need to be checked for this load combination. Booming down and

moving the trolley toward the water will result in increased loads on the waterside

supports (stands) and the pier. 

5. We recommend that all of the components below the main equalizer beam be replaced

with the exception of a few items which can easily be relocated. We make this

recommendation for the following reasons:

a. The loads imposed during the event are not considered in the international design

codes that would have been followed in the design of the crane. Therefore, we

believe that through an analysis of the gantry componentry it would be

determined that some to many of the components have been overloaded. Although
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the components are robust, overload conditions may result in a reduced expected

useful life. 

b. The gantry assemblies are manufactured using designs, tolerances, and processes

suitable for high grade machinery. This is required for the long term performance

of the crane. The precession that was involved in the manufacture of the crane

may have been offset by the slightest damage to an individual part. 

i. It is possible that this damage would become evident through testing, but

it may not become evident for years resulting in deteriorated crane

performance and additional repair cost to SCPA at a later date.

ii. In the case that the damage becomes evident in testing, the process of

repairing and returning the crane to service will be further delayed to the

burden of SCPA. 

c. There is obvious physical damage to many components of the assemblies.

However, most of the componentry is not visible and must be disassembled

entirely to physically inspect and test in order to rule out any damage. 

i. This work would need to be completed by personnel skilled in the

manufacture, maintenance and repair of high grade machinery. It would be

time consuming and expensive.

ii. We would expect that some or many of the components that did survive

the event and might be reuseable in the future may be damaged in the

work of salvaging from the other wrecked components. 

d. We understand that the original crane manufacture (ZPMC) has been engaged to

provide the replacement components. They have the expertise to manufacture,

assemble, outfit, and ship in significant sub-assemblies at very reasonable cost

compared to what could be obtained in the US. Although we have not analyzed

the potential cost differences, we would expect that receiving the sub-assemblies

from ZPMC for installation by a US contractor would be more cost-effective than

salvaging undamaged parts from the damaged assemblies, integrating them with

the new components supplied by ZPMC and then installing them on the crane.

e. The method of jacking the crane for the installation of the new components may

be different than that used for removal. The method for jacking and installation

should be planned/engineered prior to arrival of the new components in case

additional jacking equipment is required to complete the work. 

f. After all repairs are completed above, the crane should be re-commissioned,

tested (including overload testing), and recertified by OSHA. 

g. After the testing, the crane will need to be relocated to its proper position on the

pier with the ZPMC NA crane transport system (Big Bird) and SPMT’s. 

h. The temporary crane rail beam end stops will need to be removed. 

i. Once all of the above are completed the crane can be returned to service. 

Other Work to Consider:

1. We recommend that the underside of the pier in the area of the event is inspected. 


























































