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Mr. Stephen Boyett

Village of Bald Head Island Building Inspector
P.O. Box 3009

Bald Head Island, NC 28461

Re: Middle Island POA Cape Creek Marina Flooting Docks As-Built Structural Assessmen/

This letter is submitted in response to a request by Mr Alan Reynor of the Middle Island Property Owners
Association, Inc. (MIPOA), in regards to the structural adequacy of their as-built two year old Cape
Creek Marina docks (at the end of Cape Creek Road). Particularly with reference to the 13 PTSYP
Timber Guide Piles.

The pre-fabricated docks, were built by Belingham Marine Timber Dock Division, Casfle Hayne, NC,
Belingham Timber is the successor company of Sound Marine, who built the majority of the Bald Head
lsland Marina, Deep Point Marina and Indigo Maring floating docks, | am including o copy of
Bellingham's laycoui drawing(s).

The marina engineering was provided by Jeff Troutman, P.E. of CTT Consulting Engineers, now the
Ardura Group. Seal date for the final engineering drawings is 3/6/18. Drawings were prepared in
accordance with the 2012 NC Building Code (NCBC), us the effective date for the 2018 Code was not
until January 1, 2019. | am also including e-mail correspondence from Mr. Troutman dated 9-5-19, in
which he gave me approval fo review his drawings and assumptions for this analysis. His plans were
based on approved CAMA Permit 8-19.

The Design Criteria is listed on Sheet $0.0. Desigh Maximum Wind Speed is for 140 mph Unoccupied
lie. no boats), and 72 mph Occupied {wilh boats). Design Wave and Water Criteria are for 1.5’
significant wave height for the Cccupied Condifion, with Current Velocity 2 FPS (feet per second)
Estimated. For the Unoccupied Condition, wave heightis 3.0'.

Mr. Troutman also has a requirement for vessel impact at a 10 degree angle off of centerline for the
dock ends, at a vessel impacting speed of 0.5 FPS. NCBC Chapter 34 specifically indicates to use 1.25
x the Kinetic Energy of the impacting vessel. Referenced ASCE 50 recommends using LA2 * 12 as a
vessel weight estimation.  Using the largest boat = 30', the weight = 30A2*12 =10,800 Ibs, K.E.=
W VA2/2*g; thus = 1.25%10800*0.5A2/(2*32.2) = 53 Ib-ft.

Estimoting a fiat bow impact length over the 4' finger pier end, the impact load is 13.25 bs; over the §'
finger pier end is 10.6 Ibs, both very minimal. If we conservatively say 1he impact is more of a point
load, over a 2" length, because bows aren't really sharp and the docks have vinyl fendering, then the
point load = 318 |bs. Multiplying by 0.985 (the Cosine of 10 degrees) = 0.985 = P =314 lbs. The finger
dock frames consist of double 2x10 ptsyp “Whalers", assumed as #2, with an NDS 2012 allowable
bending strength Fb of 1500 psi x 0.85 wel service factor = Fb'=1275 psi. Bending Moment M for
point lodad is PL/4. To keep consistent with units, the 58’ finger dock has a width of 60".  The larger M
from boat impact = 314 x 60/4 = 4710 inch-lbs. Section Modulus S for the Double 2x10's = bhA2/6 =
(3x9.25A2) /6= 42.8 inchesA3. Stress = M/S = 4710/42.8 = 110 psl, which is much less than Fb' = 1275 psi.
Note that all of the finger dock end centers are "protected” by the piles and sieel pipe hoops,

Ignoring the additicnal strength of the 4x4 "Torsion Beam" backing the mechanically laminated

“Whalers”, if we assume that the 4xé {nominal) "Cross Beams' have a spacing of 72" a 10 degree
impact would be 314 x 72/4 = 5652 inch-lbs /42,8 inA3 = 132 psi. If hil at a splice, then 264 psi.
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Back-calculating, if hil at a splice joint (i.e. only one 2x10 "active") and if there were no 4xé Cross
Beams, the Whalers are good for a length of 29'. Thus, the as-built finger docks are sfructurally
sufficient for vessel impact.

In order to perform my as- built analysis, | did site visits on 8-29-19 and 10-18-1%. The 8-29-19 visit, with
you, wds at or very near to low tide, and rising. | measured 19" from the fop of the docks to the water,
i.e. dock freeboard. This meets deadload freeboard standards. ASCE Manual 50, a Troutman
referenced document, "Planning and Design Guidelines for Small Craft Harbors, ASCE Manuals and
Reporfs on Engineering Practice No 50", Third Edition, 2012, indicates private pedestrian marinas to be
designed to 30 psf Live Load. Per Section 36 of the 2012 NCBC, floating docks are to be designed for
a 20 psf Live Load. Jeff Troutman had called out 40 psf Live Load on Sheet 50.0, but | understand that
he agreed to Bellingham's 30 psf standard use for the purchased series of docks.

The Dead Load Only submerged float portion is appx 6 %". | rounded up to 0.6' for my calculations.
There is a tolal of 4'x108'+2x4'x24"+2x4'x22'+5'x35' = 1191 sf of floating dock. 30 psf x 1191 sf = 35730
Ibs. Dividing by 185 lbs AWPP (Average Weight Per Person) = 193 persons. The 30 psf Live load sinkage
would be approximately to the underside of the 9.25" 2x10 Whalers, which is about 0.8' of live load
sinkage. | Don't think there are that many people on Middle Island, let alone to be on the dock all at
once for 9 boats. Again, this meets industry standards for floating docks, keeping the "Whalers" at or
above the water at full Live Load.

As | have done on several occasions elsewhere on the island, | called to the BHI Harbor Master to getf a
simultaneous measurement of distance down to the water at the Bald Head Island Marina Bulkhead
Cap. On that day/time, it was 87" = 7.25".

The Bald Head Island Marina Cap elevation is app 4.92 FMSL NAVD 88. (It was built as 6.0 FMSLin 1983-
1984 using then in effect NGVD27). Using the Monthly Daily Tide Charts for the year, there is a
maximum tide range of 6.3'. For drawing purposes, MLLW is at -2.4' FMSL and MHHW is +3.9" FMSL, or
about 1' below the marina cap. Which is about right, as the Ferry Terminal Gate A Landing is 1' below
the cap, and a few times a year {king tides, or with several days of south or southeast winds, we gel
water over the A Landing. The Contractor “B" Gate Landing is level with the bulkhead cap, so does
not get affected. In 20 years, | have only seen or heard of only about 3 or 4 documented over
toppings of the bulkhead.

Using the above values, | calculated the approximate top of guide pile elevation as 13' FMSL. This is 8
above the Bald Head Island Marina Cap, and is probably on the tfall side of the Bald Head Island
Marina floaling dock guide piles, which are in the é' to 8' range above the bulkhead cap. Neilher the
NCBC 2012 or ASCE 50 have specific pile height requirements, Mr. Troutman, for bid purposes,
indicated 45' pile lengths for both the 5 waterward and 8 landward piles. He also indicated a top of
pile height of +18 FMSL, or 13' above the BHI Marina bulkhead cap. There would be serious problems
with the enfire island if the water ever got that high. In the e-mail submittal for Building Permit, Middle
Island POA indicated the selection of 35' pile length for the waterward piles and 30' for the landward
piles, (my understanding per POA vote based on cost estimates and available budget).

Mr. Troutman's Cover Sheet S0.0 indicates a design wind speed of 72 mph Occupied (with boats} and
140 mph Unoccupied (i.e. no boats), Design wave and water criteria are for 1.5’ significant wave
height for the Occupied Condition, with current velocity 2 FPS {feet per second). For the Unoccupied
140 mph Condition, design wave height is 3.0'.

These seemingly simple design criteria actually lead to numerous sheets of design calculation, as |
needed to evaluate with wind and waves either parallel or perpendicular to the main (6'x108') dock,
current from any direction, and at MLLW and at MHW. For this report, | am only submitting the
believed highest two load cases: the Occupied Condition which is for the Waterward Piles,
Perpendicular Wind and Current, at Low Tide; and for the Unoccupied Condition, the Landward Piles,
Perpendicular Wind and Waves at Low Tide.
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Mil-HDBK 1025/5, as Referenced by ASCE 50, gives a worked wind example with calculations
separately for wind parallel and perpendicular to the main dock, (see pages 28, 32 & 33}. Shielding at
20% of load (0.20) is utilized for other than “first row". The Figure 15 Sample Calculation for Wind
Loading on a Floating Pier System looks quite simple when only calculating wind load on the boats, i.e.
occupied marina. ASCE 50 details the same shielding approach for wind and water.

Sheet 50.0 references ASTM D25-12 (Reapproved 2017) “Standard Specification for Round Timber
Piles". Table X1.3is the relevant page/table for pile sizing for Southern Yellow Pine Timber Piles, giving
pile Butt Circumferences and Diamelers lor pile length groupings, and their corresponding minimum
tip circumference and diameter, as timber piles have a taper to them. Butt diameters are measured
at three foot from the top (= fat) end. While structurally a butt end down pile would theoretically have
better pull out resistance, in practicality driving the small end down is easier to install and to mere
precisely position. Marina Guide Piles are almost always driven tip down. ASTM D25 further references
ASTM D2555-17a Standard Practice for Establishing Clear Wood Values; and ASTM D289¢ Standard
Practice for Esfablishing Allowable Stresses for Round Timber Piles.

For timber pile and embedment analysis, | also utilized FEMA P-55, the Coastal Consfruction Manual,
and its companion CCM Calculator; “Self-Supported Wood Poles Fixity at ANSI Groundline” by Mehran
Keshavarzion, P.E.; ASCE Manual of Praclice 141 "Wood Pole Structures for Electrical Transmission
Lines", 2019; ANSI O5.1-2017 Wood Poles: Speclfications and Dimensions; the “Timber Pile Design and
Construction Manal" published by the Timber Pile Council; “Foundatlion Analysis and Design”, by
Joseph Bowles, P.E.; and “Advanced Foundation Engineering” by V.N.S. Murthy, 2007. The latter four
ulilize Broms Methodi(s) for the Analysis of Laterally Loaded Piles, based on his papers published in 1964.

As excerpted from Advanced Foundation Engineering, "his (Broms) theory deals with the following: 1.
Lateral deflections of piles at ground level at working loads. 2. Ullimate soil resistance of soll. He has
considered short and long piles embedded in both cohesive (clayey) and cohesionless (granular)
solls.” Broms theory is considered under the following headings: 1. Lateral deflections at working loads
in saturated cohesive scils (1964a). 2. Ultimate lateral resistance of piles in cohesive soils {1964a). 3.
Lateral Deflections at working loads in cohesionless soils (1964b). 4. Ultimale lateral resistance of piles in
cohesionless soils (1964b).

Topics 3 & 4 are appropriate for the Cape Creek Marina piles. First thing is fo calculate, and fo
understand, the embedment designations of Long Pile, Short Pile and Intermediate Pile. Short Pile
embedment is such that a soil failure is predicted. le. the pile can tip over. Just like the recent
example of the border wall in California. Long Pile embedment is such that there wil be a limited
amount of soil deflection at the groundline interface. In such cases, the piles will lean (static) or work
back and forth (cyclic loading). Guidelines are for recommended design static deflection in the
range of 0.5" to 1.5" at groundline, with cyclic loading said to be double the static deflection, There
are no limits indicated on pile movement (groundline deflection} on sheet $0.0, which is the typical
case for timber guide pile marinas. You can go up and push on a pile, and it will move. This greatly
reduces the stress on a plle. However, pile movement also makes it more difficult to calcuiate.

Note that NCBC 2012 Chapter 34 is silent on pile deflection, pile height and pile embedment. We do
know that sand is somewhat self-healing, as fines and silt can redeposit over time and help lessen pile
movement. With Long Pile Embedment, it is possible for a pile to break. However, with calculatable
movement at the groundline (or mudline, as often used for piles that are installed below water), and
the inherent flexibilily of a timber pile, the piles are only quasi-rigid members. the breakage to me is
less likely to occur with when analyzing based on ultimate strength of the piles, as ultimate strength of
the soil is used to calculate groundline deflection, rather than NDS (National Design Specification for
Wood Construction) allowable strength. In wood, the ultimate strength is called the MOR, the Modulus
of Rupture. NDS allowable sirengths Fb has a 4 or higher Factor of Safety.
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ASCE 141 "Wood Pole Stuctures for Electrical Transmission Lines" and ANSI 05.1-2017 Wood Poles:
specifications and Dimensions give relevant guidance on the MOR values and Modulus of Elasticity E.,
ANSI O5.1 indicates in Table 1, Group D, for Southem Pine Poles a MOR of 8000 psi and Modulus of

Elasticity E as 2.13 x 1046 psi. ABS (American Bureau of Shipping) "ABS YACHTS 2018, Part 3 Chapter 2
Section 3 Table 10 Properties of Various Woods" lists Southern Pine MOR as 14,500 psi with £

10/6 psi. NDS does not indicate MOR, but for design Modulus of Elasticity of 1.5

=19
X 10Aé psi,

Calculations, | use an average of the 3 Modulus of Elasticily E = 1.9 x 1024 psi = 1900 ksi.

8 x
For

From the above calculalions, you can see that the As-Buill and the Troutman Bid 45' Piles all meet the
Long Pile embedment criteria of nD >=4. Also per the calcs, you can see that the larger diameter =
stiffer 45' Length 14" butt diameter ASTM D25 taper Southern Pine piles embedded with their fops ot
elevation +18 FMSL, require an addifional appx 1.5' of embedment to meet the 4.0 Long Pile criferia.

INITIAL CONSIDERATIONS

2-6. Single pole load and deflection test,
Senerce: Osmiose LINNities Services, Ine., reprinted with pesmission,

Figure 2
We rarely see utility poles or marina piles bent this much, but poles/piles can take all
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There are no limits indicated on pile movement based on sheet $0.0.  This is the typical for fimber
guide pile marinas. You can go up and push on a pile, and it will move. This greatly recuces Ihe stress
on a pile. However, pile movement also makes it more difficult to calculate. The NC 2012 Chapter 36
is silent on pile deflection, pile height and pile empedment. See the below calculations for mudline

deflection.
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For the With Boats, 72 mph (Category 1 Hurricane) load case, with 1.5' waves and 2 FPS current, the
calculaled deflection for 1he as built piles af mudiine is 0.39" for the waterward and 0.33" for the
landward piles. If ihe landward piles were 45' in length 14" diameter at 3' from the end, the deflection
at mudiine drops to 0.14". For cyclic loading, references indicate that the deflection values should be
doubled. So, we are talking about in a Cat 1 Hurricane %" of predicted deflection as-built, and 5/16"
with 45" piles without adding the extra wind lateral load and moment due 1o the 5' taller pile height,

So maybe 3/8" of predicted pile movement difference.
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Waterward Piles in 140 mph wind and 3' waves. .78" stalic deflection for as-built, 0.63" for 45" piles,
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Rosults

! Maximum Deflection & 0.79 in at 0.00 ft
Maximgm Moment is 19.86 k-1t at 050 ft
Maxnum Shear s -4.71 kips at 272 ft
Pier{Pile Tip Movement is -0.01 in at the bottom (9.90 ft}
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Note that the Landward as-built pile 30" timber pile mudline static deflection is predicted at 0.79"
deflection and the Waterward as-built 35" piles is predicted at 0.78" static load deflection, so the 35
walerward and 30' landward maichup has pretty even calculated deflection, and both are under 1"
static mudline deflection. Again, it would be correct to at least double that amount for cyclic loading
of wind and waves, and duratfion could mean more. But as a comparative analysis, the mudline
deflections for both the as-buill and the bid sized piles are within reasonable structural limits. (Nothing
says though that after a huricane that piles might nol need some aesthetic straightening and
reselting. And marina piles should be checked yearly for worms, borers, and signs of decay.)

In my load cases analysis, the low tide condition had higher lateral load than the high fide condition.
For simplicity, the above software printouts which show both lateral load and moment load, were only
run for the load tide case. | have dlso run with dense sandy soil which indicates less deflection, but |
am sure that reams of paper do not change the overall trend shown in the above six printouts.

Based on proprietary soil reports on Bald Head Island that | have been privy to, the initial sand layer
goes to an elevation depth of appx -50 FMSL of Soil Classification SP (Poorly Graded Sand), and
thence a 5-10' band of Clayey Sand (CS), and thence dense to very dense sandy clay (SC). My
assumption is that the piles are entirely in the SP soll classification.

Typically, in Brunswick and New Hanover Counties, marina timber piles are driven to refusal, which in
the Southport/Bald Head lsland area is in the 6' to 10'-12' depth of embedment range. Trying to go
deeper can cause the piles lo splil. | have locally even seen concrete piles specified 1o deeper
depths crack when tried to be over-driven past refusal.

Bruce Marek, P.E. MIM Dock As-Built Analysis 2-2-20 8



As a point of reference, at the Bald Head Island Club, the (new) pool restaurant (Horizons) piles, which
were specified to a 16’ embedmeni, had to be auger driled inside of a steel casing (hollow steel pipe,
| think 18" or 24" in diameter), and then backfiled once the pile was inserted, set and backfiled, in
order to achieve the 16' pile embedment of the 10"x10" {and | think some 12"x12") building piles. A
specidlized firm was employed 1o reach those depths, at much cost.

Please note that the pile software caleulates a maximum moment location which is in the 3" to 12"
range below the mudline. If these were piles rigidly embedded into concrefe (a fixed cantilever
beam condilion) maximum moment would be at the top of the concrete. 1 point this out fo show that
accommodation is taken for this groundline movement. | do not include o further reduction for scour,
as the loss of soll rigidity would be similar whether the as-built or the bid piles. As the creek flow can
change based on upstream or downstream shape changes due to siltation and/or erosion, with or
without hurricane force storms, it goes to the see something/say something mantra, that the marina
users should notify the POA representatives if they observe changes at the marina or by relative pile
push movement.

The final segment of analysis is the strength of the piles. My program runs used the average pile
diameter below 1the mudline, but lor pile strength | use the actual pile avg diameter at mudiine. (i.e.
that version of the software doesn'i accounl for limber pile taper). The area and moment of inertia |
inputted above, however, are for the actual mudline diameter. For pile strength | use the same loads
and moments as in the software runs, but convert to lbs and inch-lbs rather 1han kips and kip-ft. Note:
Section Modulus $ = [pi*bA3)/32: Shear Stress fv = 4V/3A; Bending Stress fb = M/S

Waterward Piles with Boats: Lateral Load (Shear) at mudline = 1250 Ibs; Calculated Max Sheor below
grade = 3.580 Ibs; Calculated Max Moment = 17.29 kip-ft = 207,480 inch Ibs, mudline diameter b= 8.4",
Section Modulus § = 58.2 inA3, Nominal Shear Area A =55.4 inA2, Thus fv at mudline = 30 psi. fv max =
86 psi. Bending stress fb = 3565 psi.

Landward Piles with Boats: Lateral Load (Shear) at mudline = 1200 Ibs; Calculated Max Shear below
grade = 1980 Ibs; Calculated Max Momeni = 8.36 kip-ft = 100,320 inch lbs, mudline diameter b= 7",
Section Modulus § = 33.7 inA3, Nominal Shear Area A =38.5 inA2. Thus fv at mudline = 42 psi. fv max =
69 psi. Bending stress fb = 2977 psi.

For the Occupied Slips Condition with 72 mph wind, 1.5' waves and 2 FPS current, the pile shear
stresses are all beneath the ND$ 2012 Table 6A allowable shear stress Fv= 160 psi, even at max shear
below groundline. Waterward Pile Bending Stress has a Factor of Safety of 2.25 based on ANSI OS.1
MOR 8000 psi. Landward Pile Bending Stress has a Factor of Safety of 2.68.

Waterward Plles without Boats: Lateral Load (Shear) at mudline = 2400 Ibs; Calculated Max Shear
below grade = 7240 Ibs; Calculated Max Moment = 34.94 kip-ft = 419,280 inch Ibs, mudline diameter
b= 8.4", Section Modulus § = 58.2 inA3, Nominal Shear Area A =55.4inA2, Thus fv at mudline = 58 psi. fv
max = 174 psi. Bending stress flo = 7204 psi.

Landward Piles without Boats: Lateral Load (Shear) at mudline = 2260 2600 Ibs; Calculated Max Shear
below grade = 4239 4350 lbs; Calculated Max Moment = 19:86 17.2 kip-ft = 238326 206,400 inch Ibs,
mudline diameter b= 7", Section Modulus $ = 33.7 inA3, Nominal Shear Area A =38.5 inA2, Thus fv at
mudiine = 303 90 psi. fv max = +63 150 psi. Bending stress fb = 7071 6125 psi.

For the Unoccupied Slips Condition with 140 mph wind, 3’ wave, the pile shear stresses are beneath the
NDS 2012 Table 4A allowable shear stress Fv= 180 psi except for the max shear below groundline on
the waterward piles of 174 psl = 9% over; untactored values are a bit more difficult to find, but my boat
books have various values of 640 psi fo 1040 psi for vertical shear: 174 psi Waterward falls well below
vltimate values. Waterward Plle Bending Stress has a Factor of Safety of 1.11 based on ANSI O5.1 MOR
8000 psi. Landward Pile Bending Stress has a Factor of Safety of 1.30. Note that for Timber Utility Poles in
extreme wind conditions, a F.S of 1.0 is considered struciurally sufficient.

Bruce Marek, P.E. MIM Dock As-Built Analysis 2-2-20 with page 9 corrected LW Piles wo Boats 9



The flimber guide piles have relatively ne axial down load to them other than self- weight, and would
only be expected to have axial upload during an exireme storm only it the dock height floais to
above the appx 12.75 FMSL pin height to the 14 FMSL VE zone, that could possible raise the dock about
15", but not enough to pull the piles out of the mudiine.

wood piles do require checking, as worms, checks, etc can degrade the structural inlegrity. Likewise,
creek scour and/or currents can change the bottom profile, even when not storm related. A jut
out/sand build up on one side of the creek can greally aftect the depths along the creek as the
waterflow adjusts direction.

Additionally, | have looked at the fixed pier structure ai the top of the dock ramp, and while the
decking looks in good shape, the piles are starting to show their age. As you are aware, NC DEQ
CAMA issues repair exemptions for pile repair/replacement and dock repdirs. Deck board
replacement now no longer needs permission.

This cerification of marina structural as-built sufficiency should not be taken as not needing owner
provided maintenance.

Please note that NFPA 303 Marinas would require tire extinguishers at a maximum spacing of 75", le.
one near the base of the ramp and then one 75" max away along the &' wide main dock.

Certification:

| find that the Belingham Marine Timber Division Wood Docks and the Middle isikand HOA procured 30°
and 35' timber piles have structural sufficiency for the designated design lateral shear loads and
moments from wind, water, waves, current with boats for a Category 1 (72 mph) Huricane, for a 140
mph Extreme Wind & Waves Event without boats, and for vessel impoct and for vertical dock loads as
indicated, based on my August and October 2019 site visits and subsequent engineering calculations.

Respectiully,

)

"a:pc: "'ﬁ_\:g 'P‘ﬁﬁ?:'. Q’ﬁ\;

idaer® » -.l

. - 1,0 g 4 [/
Bruce Marek, P.E. / ; -ﬁ?ff’u Qo /Zf /jr/' %}}
29I /AP

L&

PAGes - 0

Bruce Marek, .E. MIM Dock As-Built Analysis 2-2-20 10



fflh D28 - 12 2017)

TABLE X1.3 Specified Butt {i % with Corresponding Minimum Tip Circumisrsnces for 8 Yeliow Pine Piles*850F

Feau o7 Mdmwn P 2% »H 21 *» 2% 4 m a7 5 57
Crioylennie N m L 19] {10} {13 132§ 12l {14 {15} 6} 118}

2 R TrOm Buks
Leagn (1) MR TP L3 rmiemones, in

20 16 1B 18 21 2% 5 a1 kT ar 1] 47
(6.1} 130} BN 1.7 8.9} 18.99 &8 {10.8] (1.8 nzn peg

26 16 18 17 20 E 27 2 X 18 ) 4%
[s.4} )] [&A4} 164} tr.f ey [i17] 1168 110.4] n24) (144

36 10 16 18 1% n o6 o 2 36 a &
) .} (6.4 (6.1 101 5% B3 E2) Hoa [BR)] M213 1189

a6 - 1% 2 7% 20 o £ Ed [*]
157 18] 18.0) .6} 9} o] (| {149

&0 7 2% 24 28 a0 a3 x ]
{5.4) 2| i o) (8.5 {10.5) me (an

' = . 0 > 28 » a2 % 42
fRef 7.3 m.a o2 0.2y [y {1a4)

60 - - 1% 22 6 ) a 4 4
(6.0f 79 B.0f B9 (] (18] 12y

58 - 2 2 Ed 30 E] 4.
7] .8 168} pa posy (127

40 - - - - f-3 2 P ] E) 3¢
184 7.3 (9] w3 poay  {124)

[13 g - . £} 22 x 26 3] %
16.9] 7.0 {|0) __ @@ (9] (2

™ . - 58 2t 2 24 2 14
(&%) jo.5 2 ©.5) (&  [148)

F11 - s 3 % P 36
18.4) 3y By @2 fit4)

80 . 19 z 26 8 3%
{9 7.0 B B3] ()

85 . " ! 12 25 o4 ar £
B.7 i 76 .o} [104]

A \Whedo Tj spwit appliaci o the butl ar v 104 UreLy ot 20 93 Ol 4os than T& L, T P10 Vit=! VERIAE hisvd heeD Indraaesa % 181N, i aneure

arenrta of bAn, By 107 pEposes of siving

T F Gomrl 10 IS demarmsni 1 . = 254 mm.

Ol A QD am all e Mo with & eeuctisg rgmas minmum e EEse ot A4 1L 4t 31 from tus

O Cless B prey mm roie Bsles Wil i agsctllog regulind Pt diearntizenos o1 6 I bult 0! 35 i wnd ogioe o 20 Lo 25 1 minfrum crosrieninos atd ftfiom
DT O 8 . AP Mg of 20 10 S0, ARG MU drmaTiEtenae &7 % IO ) of 41 M A0 RngTE of 5 (4 S0 N

R ik PG Uikl @5 Oner Y avalabin M en{ane shomar 1 70 1 an inn of o midl 50 Rl T8 From BUB. A feAzaindi {ins It a8 Comn $es gratie
e BUAE (B0WE the i) Wkt BIb QR avidkdis TN putchand ’)UIn TP &0 o avanabity of wies ostow tha Hined



BRUCE MAREK, P.E.
5489 Eastwind Rd
Wilmington, NC 28403

Feb 2, 2020

With over thirty years of licensed professional engineering experience, Bruce Marek is a
Life Member of the American Society of Civil Engineers. Bruce is licensed in 10 states plus
Washington, DC. Bruce has over twenty years of project engineering on Bald Head Island,
including: CAMA and Stormwater Permitting, Marina and Bulkhead Engineering, Site Design and
Infrastructure Engineering. He also designed the Bald Head Island 82’ Aluminum Catamaran
Ferries Patriot and Ranger. Dock engineering projects include National Harbor Marina, Prince
George's County, MD and M.LT.'s dinghy docks.

1976 - University of Notre Dame - B.S. Civil Engineering

1990 - Graduate Level Foundations Engineering Course, NC State University Distance Learning.
This class was in conjunction with the Wilmington Army Corps of Engineers and was taught by
Professor Joseph Bowles, P.E, author of “Foundation Analysis and Design”, an industry standard.
1996 - Graduate Level Composites Engineering Course, NC State University Distance Learning

Professional Engineer - Civil Engineering (1988)
Professional Engineer - Naval Architecture (1999)
Professional Engineer - Structural I Engineering (1998)
Professional Engineer - Mechanical Engineering (2006)

Affiliations:

American Society of Civil Engineers, Life Member 2018
Society of Naval Architects and Marine Engineers
American Welding Society

United States Sailing Association

Wood Specific Engineering:

2002 AFPA National Design Specifications for Wood Construction Canvas Committee Member
1996-1999 Product Technical Engineer for Louisiana-Pacific's Engineered Wood Facility on Hway
421, Wilmington, NC (Wood [-Joists and Laminated Veer Beams (LVL))



marekyd@ec.rr.com

From: Jeffrey Troutman <jtroutman@ardurra.com>
Sent: Tuesday, September 3, 2019 4:31 PM

To: marekyd@ec.tr.com

Subject: RE: Middle Island Marina Dock

Bruce,

Per our phone discussion this afternoon, you have my permission to perform a review of my floating dock
drawings and specifically for the timber guide piles. Thanks for your assistance.

Thanks,
Jeff
Jeffrey R Trautman, PE, SECB, M. ASCE
Ardurra Group North Carclina
Technical Director
Sr. Project Manager/Structural £Engineer

A / [ froulmangnardures,corm

o 0:910,397.2829
M: 910.297.4049
ARDUR R A 3809 Peachtres Avenue, Suite 102

TOLLAUORATE. JHHQYAT(, CREAYT . .
: wilmington, NC 28403
www,ardurra.com

From: marekyd@ec.rr.com <marekyd@ec.rr.com>
Sent: Tuesday, September 03, 2019 4:21 PM

To: Jeffrey Troutman <jtroutman@ardurra.com>
Cc: marekyd@ec.rr.com

Subject: FW: Middle (sland Marina Dock

Missed the first “r".

From: marckyd@ec.rr.com <marekyd@ec.rr.com>
Sent: Tuesday, September 3, 2019 4:18 PM
To: jtroutman@adurra.com

Sub}&:t: Middle Island Marina Dock

Hi Jeff,

It was a pleasure talking to you today. As | mentioned, | have been asked by a member of the Middle Island
Homeowner’s Association to take a look at their marina dock piles. Before doing any appropriate calculations, | wanted
to inform you that | have been asked to look at your drawings to evaluate the as-built sufficiency of the piles. As|
understand it, your drawings specified, for bid purposes, 45’ marine treated timber piles. Due to budget constraints,



shorter piles were purchased and installed. | probably won’t get to calculations until after Hurricane Dorian comes
through the area later this week, and probably will do another site visit to verify conditions.

Bruce

Bruce Marek, P.E.
5489 Eastwind Rd.
Wilmington, NC 28403
910-799-9245

Cell 910-228-2484
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View Table

Maximum Deflection Is 0.14 in at 0.00 ft
Maximum Momenl is 848 k-ft at 1.00 it
Maximum Shearis -1.54 kips at 348 ft
Pier/Pile Tip Movement is 0,00 in at the bottom (19.90 ft)

View Al Graphs

View One Graph
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wg: 2 of 2 |
Note: Head island Marine Bulkhead Cap = 4.3 FMSL NAVD B8
{Which wos 6.0 FMSL+/~ NGVD 29)
Ferry Terminal “Gate A” landing is 12° beiow butkbead cop = 3.3
FMSL. 1t will typiceliy be closed down o few times ¢ yeor st high
tide, ;nwnof ai ¢ "king tide™ or with sterm driven wave build
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e Top Blev: wa.nc_oconm. A :m:m of meosuring ot Middle Islond Marine, BH
) ] | ‘arbormaoster simul cbmocm_w mecsured 84" down %o wcter from
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NOT TO SCALE

Design Wind Load: 15 PSF

Perpendicular Wind
40" Boats: 8 Each x 19' Beam x 5.5" Height x 15 PSF
Fingers: 9 Each x 4' Beam x 1.5' Height x 15 PSF

Multiply by 1.5 for Row of 30’ Boats = 1.15 x 13,350 Lbs.

78" Boat: 20’ Beam x 7.4' Height x 15 PSF
TOTAL PERPENDICULAR LOAD:

Parallel Wind

78" Boats: 78' Each x 7.5' Beam x 15 PSF

40" Boats: 8 Each x 40' x 5.5' Height x 3 PSF

30" Boats: 10 Each x 30’ x 4.8' Height x 3 PSF

TOTAL PARALLEL LOAD:

Reckon Parallel windloading for Design

won

n

12,540  Lbs.

810  Lbs.

16,352.5 Lbs.

2,220.0 Lbs.
17,6725 Lbs.

8,658 Lbs.
5280 Lbs.

4,320 Lbs.

18,258 Lbs.

Figure 15

Sample Calculation for Windloadihg on a Fleating Piler System
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Copyright by National Fire Protection Association (NFPA). NFPA 303 is
licensed, by agreement for indlvidual use. No other reproduction or
transmission In any form permlitted without written permission of NFPA. For
inquires or to report unauthorized use, contact licensling@ntpa.otrgy.

6.1 Portable Fire Extinguishers.

6.1.1 Placement.

6.1.1.1
Placement of portable fire extinguishers shall be In accordance with Chapter 5 of NFPA 10 unless otherwise permitted by 6.1.1.1.1,
6.1.1.1.2, 0r8.1.1.1.3.

61.1.141
Placement of portable fire extinguishers on piers and along bulkheads where vessels are moored or are permitted to be moored shall
meet the following criteria:

(1) Extinguishers listed for Class A, Class B, and Class C fires shall be installed at the pier/fland intersection on a pier that exceeds
25 ft (7.62 m) in length.

(2) Additional fire extinguishers shall be placed such that the maximum travel distance to an extinguisher does not exceed 75 ft
(22.86 m).

(3) Extinguishers shall be protected from environmental exposures to prevent damage and lack of cperability.

6.1.1.1.2 Fuel-Dispensing Areas,

6.1.1.1.21
Poriabie fire extinguishers that meet the minimum requirements of Chapter 5 of NFPA 10 for extra (high) hazard type shall be installed
on two sides of a fuel-dispensing area.

6.1.1.1.2.2
On piers or bulkheads where long fueling hoses are installed for fueling vessels, additional extinguishers installed on piers or bulkheads
shall meet the requirements of Chapler 5 of NFPA 10 for extra (high) hazard type and 6.1.1.1.1 of this standard.

6.11.1.3
All extinguishers lnstalled on plers shall meet the rating requirements set forth in Chapter 5 of NFPA 10 for ordinary (moderate) hazard

type

6.1.2 Visibility and Identification.
All portable fire extinguishers shall ke clearly visible and marked.



