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Laurence and Associates, LL.C
918 Government Street
Mobile, AL 36604

February 7%, 2024

SOUTH CAROLINA PORTS AUTHORITY
200 Ports Authority Dr
Mt Pleasant, SC 29464

Attention: Eric J. Scanlon
Mechanical Technical Specialist, Crane and Equipment Maintenance

Subject: SCPA ZPMC Crane H-39-037 (#37) Vessel Impact Damage Assessment
LA, LLC Project Number 2405

Mr. Scanlon,

We have inspected the damage due to vessel impact with the boom of ZPMC Crane #37 at the
North Charleston Terminal (NCT) in North Charleston, SC. The 1initial inspection was carried
out between January 5™ and January 8™, 2024 immediately after the vessel impact event.
Additional inspection work was carried out on January 11, 2024 and on February 5™, 2024. The
mspection included a visual inspection of the point of impact, some of the critical structural
joints, obvious points of distress, and key components where alignment is critical (boom hinge,
boom-girder trolley rail, and main equalizer beams). The inspection work was completed around
activities to stabilize the crane.

The visible damage noted included a nearly complete wrecking of the gantry assemblies at each
corner (compromising the cranes stability), minor damage to the checkers cabin, damage to the

platforms and appurtenances at the boom tip (point of impact), dislodging of the crane from the

pier’s gantry rail system, and surface damage to the pier structure.

A visual survey of the boom hinge areas and the trolley rail along the length of the boom and
girder indicates that the boom alignment is acceptable. Additionally, the boom has been raised
and the trolley driven from about the middle of the boom to the extreme backreach position
without issue, both providing further evidence that the boom alignment is acceptable.

The following reports on the emergency stabilization steps taken, recommendations for
permanent stabilization and storage efforts, the recommendations for repair, and other work to be
considered.

Emergency Stabilization:

The gantry assemblies provide the vertical and lateral support for the crane structure. The event
caused significant damage to the gantry assembly such that their ability to support the crane dead
weight or the lateral forces (from wind and operating inertia forces) has been compromised.

The pier structure is composed of pile supported reinforced concrete crane rail beams and
interior reinforced concrete deck slabs. The crane rail beams are designed to support the
operating load cases (wheel loads) of the crane (such as dead loads, lifted loads, wind loads,
inertia loads, etc). The deck slabs are designed to carry the lighter loads imposed by terminal
traffic (such as cargo laden trucks). During the event the crane was dislodged off of the crane rail
beams and onto the deck slabs in several locations. Therefore, immediately after the event certain
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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. Ina 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.

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.

l.

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.

During our inspection work on February 5™, we noted that although the distance between
the main equalizer pins at corners 1/4 and corners 2/3 measured within '4” 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.

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.

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.

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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g.
h.

1.

the components are robust, overload conditions may result in a reduced expected
useful life.

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.

1. Itis 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.

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.

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.
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.

After all repairs are completed above, the crane should be re-commissioned,
tested (including overload testing), and recertified by OSHA.

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.

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

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.
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If you have any questions concerning this letter, please feel free to call or email.

; /
Sincerel RCLAAUT

William H. Laurehce, PE =

Mobile:
E-Mail: [

Attachments:
ZPMC gantry drawings with requested new parts indicated.
ZPMC crane general arrangement drawing.
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R@E- No descripfion date :@” [ Twin Twenty 65LT
: Rated Load under Spread
ﬂ% mg% HjL|ao gied Load under Spréader | qingle Container 50LT
APPROX. 112000 Rated Load under Hook BOLT
wih |
vain Hoist Lifted Load(L7)| 65 | 50 [ 40| 25 | ey spooter
1 - in Hois -
1 N 1 1 ' speed(m/min)| 60 | 70 | 85|15 170
>, 4 Speeds | yain Trolley 240m /min
@_‘_H_‘ - l Gantry 60m/min
i““‘“ J Boom Heisting Time <5 min
| ' Main Hoist 2x373 Kw  635/1800 rpm  IP55
& Main Trolley 400 Kw 1750 rpm IP55
Motors
13 i - Gantry 20x24 Kw 1750 rpm P55
B — ) 6400 ,
A I Boom Hoist 300 Ke 1750 rpm IP55
- Rail Goge 30.48m Trim 135
| "Esti= S |
] f@ Out reach 60m List 15
1
Back reach 22.86 Ske +3
. 0 oo | %: § 12 ck reacl m W
] Above rail |
- S ) Height of lift ' 35.05m
i & Total 50.25m
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* The quantity and weight of this list is to one set

1 set/crane, kg/set, kg/crane  PAG:  1/2
PROJECT NAME or CODE: SUB-PART NAME: SUB DRAW NO:
Norh Charefon G5LT Confiner Crane ey e on ¥ ANGEMENT J227A00
NO. SUB-NO. or STDD NAME & SIZE MTRL or STYLE QTY/SET |PIECE WGHT  [TOTAL WGHT
1 1J227A0100 ﬁﬂ%@ Structure 1
2 |J227A0200 | &4 Mot amangement] !
3 |J227A0300 | HF EEFE | Aok gy |
4 J227M0400 | AFATENM  |Gantry 4
5 [J227A0500 | ZEAMEBATE | ovtors potee ]|
6 |J227A0600 | FERUSE BB E | inki oo, |
7 |J227A0700 i/J\$;‘é\)5§. Trolley arrangement 1
8 [J227A0800 | EANFHHAM  |1ioley e | |
9 [J227A0900 |HAHAR4L Festoon System| |
10 [J227a1000 |FFEREE  [g [
11 J227A1100 | ERIHA Main Hoit Drivg |
12 [J227A1200 | AREB TS |Senice Potiord |
13 [J227A1300 | A Boom host divd |
14122701400 | BERHZEE [T down sytem| |
15 [J227A1500 | A& E Machinery house| |
16 |J227A1502 | #EXE Rereeving system |
17 22771600 |BOLTRABE  |ouge bean 12/4
18 [J227A1700 | %44 Boom Latch 1
19 [J227A1800 | A b2 Headblock 1
20 [J227A1900 | KEHEEE ikt tser deicd |
21 [J227A2000 |%HA4E Nanege anameme1t1
22 [J227A2100 | AEHAER L oo od doie | |
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* The quantity and weight of this list is to one set

1 set/crane, kg/set, kg/crane  PAE  2/2
PROJECT NAME or CODE: SUB-PART NAME: SUB DRAW NO:
North Charleston 63LT Container Crane: GENERAI:&%% ANGEMENT J227A00

NO. SUB-NO. or STDD NAME & SIZE MTRL or STYLE QTY/SET |PIECE WGHT  [TOTAL WGHT
23(J227A2200 | ERABERE | bi s e ] |
24|J227A2300 | EANEBGRYE | kit oy rye v |
25|J227A2400 | FIVEREE | bom b e ] |
26(J227A2500 | FERANFELRER | iy by e e |
270422702600 | BABAAE  |limit switch| |
28422702700 | Wi Seaside Anchof |
29(J227A2800 | ¥4 Lubricaton system] |
30(J227A2900 | ZEAAL Air compressor sy
31[J227A3000 | REAS Test Tank |2/ 4
32|J227A3100 | % boon et o]
33| J227AH KEER% ydrauic system| |
34| J227AE HARA Flectrical system | |
35 RAM & RAM Spreader | |
356 RAM #EZH Overheght Spreader | /4
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