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EXECUTIVE SUMMARY 

From December 2013 to February 2014, Halcrow performed a condition 

monitoring inspection of Pier 40 on the eastern shore of the Hudson River in Manhattan, 

New York. The scope of work included an above water and underwater inspection of 

the steel H-piles, concrete piles caps, pile cap beams, deck soffit, cathodic protection, 

and fender system, The purpose of the inspection was to provide a general condition 

assessment and load rating of the pier in its current condition, to evaluate and grade the 

condition of structural elements of the pier, and to develop repair recommendations with 

an associated order-of-magnitude cost estimate. 

The methodology used to assign both the general condition assessment rating 

and the structural element grading is described in Section 1.2 of this report. Based on 

this methodology and the inspection results, Pier 40 is in overall Poor condition. The 

allowable uniform live load rating for the pier is significantly less than its original design 

live load capacity. 

The repair recommendations and cost estimate contained in this report have 

been developed to maintain a 100 psf live load rating sufficient for public assembly use 

over the entire pier structure. The repair recommendations are also intended to provide 

enough lateral load capacity to resist ice, wind, wave, current, and mooring loads typical 

to this riverfront location, and to maintain sufficient structural capacity for fire truck 

access to the Court Yard (currently used as an athletic field} and the perimeter Pier 

Shed. The repair recommendations are not intended to bring the pier back to the 

original design live load capacity when the pier was first constructed. 

As depicted in Table 1 below, the steel H-piles supporting the pier are in overall 

Poor condition with 35% graded Severe and 22% graded Major. Deterioration of the 

H-piles is typically due to corrosion within the splash zone and at Mean Low Water 

(MLW) for those piles with no prior channel repairs. In general, the condition of the 

steel H-piles at and below MLW, with the exception of H-piles without prior channel 

repairs, has little bearing on the overall pile condition rating. This is because they 

exhibit only minor to moderate deterioration in those areas, and appear to be 

adequately protected by the sacrificial anodes of the existing cathodic protection 

system. A full visual inspection of the underlying steel of the H-piles was not possible in 
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every instance as some of the piles were previously repaired with an epoxy coating, and 

other H-piles above the high water line were previously repaired with both welded steel 

plates and epoxy coating. For those H-piles that received a more intensive Level 11/111 

inspection, the epoxy coating was removed in small sections to reveal the underlying 

steel. For those inspected H-piles with no prior welded steel plate repair showing rust 

staining through the epoxy coating, the typical condition revealed was a Severe pile 

section. Therefore, all H-piles that exhibited rust staining through an epoxy coating 

application, but which did not have a prior welded steel plate repair, were graded 

Severe. H-piles with visible rust staining through epoxy coating which had prior welded 

steel plate repair were graded Major. 

A summary of the H-pile ratings are provided in Table 1. 

Table 1 Summary of Pile Conditions 

No. of 
Minor Moderate Major Severe 

Location 
H-piles 

No. % No. % No. % No. % 

Pier Shed 2,845 505 18% 669 24% 698 25% 973 34% 

Court Yard 483 39 8% 255 53% 50 10% 139 29% 

Finger Pier 135 8 6% 17 13% 25 19% 85 63% 

Total 3,463 552 16% 941 27% 773 22% 1,197 35% 

The concrete pile caps under the Pier Shed and Court Yard are generally in Fair 

condition with corrosion cracks on the cap soffits that extend from the flange tips of the 

steel H-piles to the bottom corners of the pile caps. At a number of locations, these 

corrosion cracks have either extended along the vertical faces of the concrete pile caps 

or have resulted in spalls along the bottom corners of the caps. In the Court Yard, the 

pile caps typically have hairline map cracks on the vertical faces with efflorescence. 

The concrete pile cap beams under the Pier Shed and Court Yard are in Fair 

condition with typical rust staining and opposing longitudinal corrosion cracks that have 

resulted in delaminations along the beam soffits. In isolated locations, the 
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delaminations along the beam soffits have developed into spalls with exposed steel 

reinforcement. 

The longitudinal concrete and transverse concrete beams at the Finger Pier 

Extension are in overall Fair condition. Similar to the beams under the Pier Shed and 

Court Yard, the beams exhibit rust staining and delaminations in the beam soffits with 

isolated spalls with exposed steel reinforcing. 

The concrete underdeck at Pier 40 is in overall Fair condition with minor hairline 

cracks. There are isolated spalls up to 3 in. deep with exposed prestressing strands 

and reinforcing steel throughout the pier. 

The Finger Pier Extension concrete underdeck is in overall Fair condition with 

areas of shallow concrete cover and spalls with exposed steel reinforcing. 

The current vertical live load capacity of the pier is summarized in Table 2 

Table 2 Summary of Load Ratings for Pier 40 

Structure Governing Structural Element Current Allowable Fire Truck 
Uniform Live Load Access 

100 psi 
Pier Shed Steel H-piles rated Severe (with a 2% No Restrictions 

overstress) 

Concrete pile cap beam with 
Court Yard exposed steel reinforcing and 150 psi No Restrictions 

Severe piles 

O psi 
(with the possibility 

of ice loading) 
Finger Pier Extension Deteriorated beams and deck Not Applicable 

100 psi 
(with no possibility 

of ice loading) 

The Pier Shed is capable of supporting a uniform live load of 100 psf in its 

existing condition, and it is also capable of supporting a fire truck with a 24 kip wheel 

load and a Rescue Truck with a 26 kip wheel load. The results of the analysis indicate 

that the design ice load, which is based on an 8 inch thick layer of ice, is very 
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demanding on the pier structure and is the controlling load within Load Combination 8 

and Load Combination 9 (see Table 4-1 ). 

While the steel H-piles under the Pier Shed with a pile grade of Severe are 

currently sufficient to support the current pier usage, the level of corrosion on the piles 

has reached a critical level. Any notable amount of additional section loss, especially at 

the tops of the piles, could result in public access restrictions on the pier because the 

resulting allowable live load at the Pier Shed would likely be lower than the 100 psf 

needed for public assembly. 

The allowable uniform live load rating for the Court Yard is currently 150 psf, and 

is governed by the structural capacity of the concrete pile cap beams with exposed 

reinforcing. Although the extent of deterioration on the concrete beams varies 

throughout the entire Court Yard, the structure was conservatively rated based on the 

lowest load rating determined for the analyzed structural elements, which is 150 psf. 

At the Finger Pier Extension, the steel H-piles are capable of supporting a 

uniform live load of O psf in their current condition based upon the loading combinations 

outlined in the HRPT Design Guide. This rating is governed by the Ice Load outlined in 

Load Combination 8 and Load Combination 9 (see Table 4-1 ). Since the controlling 

load is an ice load, it is recommended that access to the Finger Pier Extension be 

restricted whenever there is the possibility of ice loading. When there is no possibility of 

ice load on the Finger Pier the allowable live load remains at 100 psf. 

Recommendations made in this report are grouped into the following three levels 

of importance. The definition of each level of importance is taken from the New York 

City Economic Development Corporation's (NYCEDC) Waterfront Facilities 

Maintenance Management System Inspection Guidelines Manual. "Immediate" level 

actions are recommended to be completed as soon as possible to prevent unsafe 

conditions. "Priority" level actions are intended to maintain the structure in a safe 

operating condition and/or prevent deterioration from continuing to a point where the 

future repairs will be significantly more costly. "Routine" level actions are intended to 

be undertaken as part of a scheduled maintenance program. They should be 

undertaken in accordance with good engineering and industry practice to maintain the 

structure and reduce future capital expenses. 
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A cost effective repair plan that addresses all areas of deterioration without the 

need for future phased repair efforts (aside from routine inspections and regular 

maintenance) was developed. Because of the size of the pier and complexity of the 

work, a single continuous design and repair effort extending over an approximately nine 

and one-half year period likely represents the most cost effective approach to 

maintaining current usage. 

The order-of-magnitude cost estimate for the recommended repair is 

summarized in Table 3. It is assumed that a detailed design and engineering effort will 

take approximately 2 years and precede the physical repair work. Because of the 

condition of the H-piles, we recommend that this effort commence as soon as 

practicable. 

Recommendations and assumptions regarding the timing and cost of repairs 

consider the extent of the repairs based on inspected conditions, the size of Pier 40 and 

difficulty in accessing the middle portion of the pier, environmental constraints, and lack 

of head room under the pier, particularly under the Court Yard, which forces more of the 

work to be performed underwater. Repairs specified at the interior/middle piles will 

therefore be significantly more labor intensive and costly than repairs specified along 

the pier perimeter. Environmental obstacles include pouring encasements in the winter 

months, which is not possible/recommended. Finally, large areas of the pier, especially 

under the Court Yard, have little to no headroom during some or all of the tide cycle. All 

of these factors contribute to the difficulty associated with a widespread and 

comprehensive repair effort, and, while cost effective, the recommended repair is 

nevertheless more costly than what would ordinarily be the case for a more typical pier 

structure. 
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Table 1 Cost Estimate for the Pier 40 Repair 

Timber Area of 
Repair Number of Piles to Repair Fender Beam and Cost Estimate 

Importance System Deck to 
Level Non-Structural Replacement Repair 

Structural Enc. 
Enc. (LF) (SF) Sub-Total 

Immediate 110 0 0 0 $3.96M 

Priority 1,671 1, 124 0 0 $61.1M 

Routine 168 390 2,405 1,730 $15.46M 

Escalation to Mid-Point of Construction - 7.5 Year Construction Period 

Escalation to 2016 (2 Year Design Period) 6.09% $4.9M 

Escalation to 2020 (Mid-Point of Construction) 11.72% $10M 

Total Project Construction Cost With Escalation $95.SM 

Note: Owner's costs, not included in the base pricing, totals $9.1 M. For detailed breakdown of costs 
please refer to Appendix C. 

TOTAL 

$80.6M 

$14.9M 

The recommended repair is a comprehensive program that encases every pile in 

a continuous repair program with an assumed nine and one-half year design and 

construction period. Fifty-six (56%) percent of the piles are recommended for structural 

encasement and forty-four (44%) are recommended for non-structural encasement. 

The resulting repaired structure should be relatively low maintenance and sufficient to 

support the current use requirements for the foreseeable future. In addition, any 

unknown deficiencies that exist now will likely be discovered and remedied during such 

a widespread rehabilitation effort. The $95.5 million cost estimate includes both 

expected contractor costs, such as insurance, overhead and profit, industry standard 

contingencies for design and construction, and annual escalations of 3%. 

Not included in the cost estimate are typical owner costs estimated at 

approximately $9.1 million which would be expended during both the design and 

engineering phase and during construction. Owner costs include items such as design 

services, construction administration, diving and controlled inspections. The order-of­

magnitude total for both contractor and owner costs is therefore estimated at 

approximately $104.6 million. 
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1. INTRODUCTION 

From December 2013 to February 2014, at the request of the Hudson River Park 

Trust (Trust or HRPT}, Halcrow performed a condition monitoring inspection of Pier 40 

which is located at the terminus of West Houston Street, along the western shore of 

Manhattan in New York. A vicinity map and location plan are presented on Figures 1-1 

and 1-2, respectively. 

The scope of work included an above water and underwater inspection of the 

facility's foundation structural and non-structural components, which includes steel H­

piles, concrete pile caps, pile cap beams, deck soffit, the top surface of the pier apron, 

cathodic protection, and fender system. The purpose of the inspection was to provide a 

general condition assessment and load rating of the pier in its current condition, and to 

develop repair recommendations with an associated order-of-magnitude cost estimate. 

The repair recommendations and cost estimate were developed based upon HRPT's 

request for a repair plan to address all areas of deterioration without the need for future 

phased maintenance or repair efforts. Immediate and Priority repair recommendations 

were developed to maintain a 100 psf live load rating over the entire pier structure and 

sufficient lateral load capacity to resist, ice, wind, wave, current, and mooring loads 

typical to the geographical area. Considerations for fire truck loading and access to all 

areas within the Court Yard and the perimeter Pier Shed were also included in the 

repair recommendations. 

A history of all previous inspections is provided in Table 1-1. 
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Table 1-1 Previous Inspections of Pier 40 

Report Date Inspection Date Inspection Firm Client 

2009 Jun. Feb. to Apr. 2009 HPA (Halcrow) HRPT 

2004 May HPA (Halcrow) HRPT 
2004 Aug. 

2002 Dec. to Jan. 2003 HPA (Halcrow) HRPT 

2001 Jun. 1999 Apr. to 2001 Jan. Goodkind and O'Dea NYSDOT 

1998 Dec. 1998 Apr. to Jul. Goodkind and O'Dea NYSDOT 

1996 Aug. 1999 May to Jun. Goodkind and O'Dea NYSDOT 

1994 Dec. 1994 Sept. Han-Padron Associates (Halcrow) Port Authority 

1993 Aug. 1992 Sept. to Nov. Han-Padron Associates (Halcrow) Port Authority 

1988 March 1987 Parsons Brinckerhoff, Quade and Douglas Inc. Port Authority 

1985 March 1984 Parsons Brinckerhoff, Quade and Douglas Inc. Port Authority 

1. 1 Inspection and Methodology 

The inspection was conducted by a three-person team lead by an engineer-diver. 

The underwater inspection of Pier 40 was performed using surface-supplied diving 

equipment staged from a van parked on the perimeter apron. The diving equipment 

included a Superlite 178 diving helmet, a three-part umbilical with continuous hardwire 

communications, and other commercial diving gear. Above water, the inspection was 

performed using a 12 ft aluminum boat outfitted with an outboard motor. Various hand 

tools, photographic equipment, and measuring devices were utilized to assess the 

condition of the structural components. 

The underwater inspection included a 100% visual (Level I) inspection of all steel 

H-piles below mean low water (MLW) and a detailed (Level 11/111) inspection on 

approximately 10% of the steel H-piles. The Level 11/111 detailed inspection was 

conducted on the same H-piles that received a Level 11/111 detailed inspection during the 

2009 Halcrow inspection. The detailed inspection was performed by using an ultrasonic 

thickness (UT) gauge to collect thickness measurements (readings) of the pile webs 

and flanges at the mudline and at mid-pile elevations. The mid-pile readings were taken 
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at either above existing channel repairs on the H-piles, at the top set of bolts connecting 

the repairs to the H-piles, within the areas of severe deterioration at MLW, at the bottom 

set of bolts connecting the repairs to the H-piles, or below the channel repairs. Pile 

ratings were based on a combination of visual assessment and UT measurements. The 

presence and condition of the sacrificial anodes connected to the H-piles were also 

noted and assessed. 

The above water inspection included a visual (Level I) inspection of the pile caps, 

beams, and deck soffits, and the portions of the steel H-piles above MLW. A detailed 

inspection of the above water portions of the same 10% of steel H-piles selected for the 

underwater detailed inspection was also performed. Thickness measurements of the 

pile web and flange were taken using the ultrasonic measuring device or by a 

micrometer. 

1.2 Rating Criteria 

The general condition assessment ratings for the entire pier and element groups 

are based on a six point assessment scale developed by the American Society of Civil 

Engineers (ASCE). The six condition ratings are: 

• Good: No visible damage, or only minor damage is noted. Structural elements 

may show very minor deterioration, but no overstressing is observed. No repairs 

are required. 

• Satisfactory: Limited minor to moderate defects or deterioration are observed, 

but no overstressing is observed. No repairs are required. 

• Fair: All primary structural elements are sound, but minor to moderate defects or 

deterioration are observed. Localized areas of moderate to advanced 

deterioration may be present but do not significantly reduce the load-bearing 

capacity of the structure. Repairs are recommended, but the priority of the 

recommended repairs is low. 

• Poor: Advanced deterioration or overstressing is observed on widespread 

portions of the structure but does not significantly reduce the load-bearing 

capacity of the structure. Repairs may be carried out with moderate urgency. 

1-5 



• Serious: Advanced deterioration, overstressing, or breakage may have 

significantly affected the load-bearing capacity of primary structural components. 

Local failures are possible and loading restrictions may be necessary. Repairs 

may need to be carried out on a high-priority basis with urgency. 

• Critical: Very advanced deterioration, overstressing, or breakage has resulted in 

localized failure(s) of primary structural components. More widespread failures 

are possible or likely to occur, and load restrictions should be implemented as 

necessary. Repairs may need to be carried out on a very priority basis with 

strong urgency. 

The pile rating criteria are based on a five point assessment scale defined by 

average residual thickness of the pile flange and web. The ratings are listed and 

defined below: 

• No Damage: Protective coating intact. No apparent loss of material. 

• Minor: Less than 50 percent of perimeter or circumference affected by corrosion 

at any elevation or cross section. Remaining thickness greater than 0.500 in. 

(1/2 in.). 

• Moderate: Over 50 percent of perimeter or circumference affected by corrosion 

at any elevation or cross section. Remaining thickness between 0.375 in. (3/8 

in.) and 0.500 in. (1/2 in.). 

• Major: Partial loss of flange edges or visible reduction of wall thickness on piles. 

Remaining thickness between 0.250 in. (1/4 in.) and 0.375 in. (3/8 in.). 

• Severe: Structural bends or buckling and breakage. Remaining thickness of 

0.250 in. (1/4 in.) or less. 

Corrosion of steel elements is classified using the following assessment terms: 

• Minor (or Light): A light surface corrosion with no apparent loss of section. 

• Moderate: Corrosion that is loose and flaking with some pitting. The scaling or 

exfoliation can be removed with some effort by use of a scraper or chipping 

hammer. The element exhibits measurable but no significant loss of section. 
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• Severe: Heavy, stratified corrosion or corrosion scales with extensive pitting. 

Removal requires exerted effort and may require mechanical means. Significant 

loss of section. 

The damage grades used to describe the concrete beams and pile caps are 

based on a four point assessment scale and are listed and defined below: 

• No Damage: Good original surface, hard material, sound. 

• Minor: Mechanical abrasion or impact dents up to 1 in. General cracks up to 

1/16 in. Occasional corrosion stains but no exposed reinforcing. Small shallow 

pop-out spalls. 

• Moderate: Structural cracks up to 1/8 in. Corrosion stains and cracks up to 1/4 

in. wide and open spalls with no exposed steel reinforcing. Signs of chemical 

deterioration. 

• Severe: Structural cracks wider than 1 /8 in. or complete breakage. Complete 

loss of concrete cover due to corrosion of reinforcing steel with over 30 percent 

of diameter loss for any main reinforcing bar. Loss of concrete cover (exposed 

steel) due to chemical deterioration. 

Chemical deterioration in the above context can include sulfate attack, alkali­

silica reaction, or ettringite distress. 

Cracking of concrete elements, defined as a separation into two or more parts as 

identified by the space between fracture surfaces, is categorized using the following 

assessment terms: 

• Hairline - Crack width less than 1/32 in. 

• Fine - Crack width between 1/32 in. and 1/16 in. 

• Medium - Crack width between 1/16 in. and 1/8 in. 

• Wide - Crack width greater than 1 /8 in. 
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The types of cracks identified include overstressing, corrosion, and general 

cracking. An overstressing crack results from external loads which cause high internal 

stresses that exceed the strength of the concrete member. Corrosion cracks are the 

result of the expansion of chemical products generated by the corrosion of the steel 

reinforcement. General cracks typically include shrinkage, thermal and chemical 

reaction cracks caused by the expansion of concrete, which occurs during chemical 

reaction between concrete constituents or these constituents and the environment. 
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2. FACILITY DESCRIPTION 

2.1 PIER DESCRIPTION 

Pier 40 was constructed between 1958 and 1962 and is an approximately 810 ft 

by 81 O ft steel pile-supported high-level platform, and includes a typically 175-ft-wide 

two-story shed along the pier perimeter surrounding an approximately 400-ft-long by 

410-ft-wide Court Yard (Photo B-1 ). The pier shed is currently being used as the project 

office and maintenance facility for the Hudson River Park Trust, a public parking facility, 

and various spaces for other commercial and not-for-profit uses, while the Court Yard 

currently serves as an athletic field. Along the pier perimeter, a 20-ft-wide apron serves 

as a public esplanade. At the southwest corner of the structure, there is a 55-ft-wide by 

142-ft-long finger pier extension supporting a one-story shed (Photo B-2). 

The main pier, which includes the Pier Shed and Court Yard, and the Finger Pier 

Extension are supported on 3,328 and 135 14BP89 steel H-piles, respectively. The 

area referred to as the Court Yard in this report is identified as the Truck Court in 

previous inspection reports. The H-piles are driven to bedrock (as indicated on Roberts 

and Schaefer Co. Drawing F-7). The pier's main deck consists of prestressed concrete 

panels supported on cast-in-place reinforced concrete beams and pile caps above the 

steel H-piles. Pile clusters are located along the building column lines under the Pier 

Shed and are spaced 50 ft to 55 ft on center in the east-west direction, and between 40 

ft and 55 ft in the north-south direction (Photo B-3). There are no pile clusters under the 

Court Yard, which is supported by 483 single steel H-piles (Photo B-4). 

The reinforced concrete pile caps over the single steel H-piles typically measure 

3 ft long by 3 ft wide by 4 ft deep, while the pile caps over the pile clusters are typically 6 

ft deep with variable length and width dimensions. The pile embedment within the 

concrete pile caps is 1 ft and the pile caps do not contain steel reinforcing around the H­

piles. 

The reinforced concrete pile cap beams that span between the pile caps in the 

north-south direction are typically 16 in. wide by 30 in. deep within the Pier Shed and 16 

in. wide by 36 in. deep within the Court Yard. The concrete pile cap beams that abut 

the concrete edge beams at the bents with H-piles clusters are typically 42 in. deep. 

The pile cap beams generally span north to south, except in the area directly west of the 
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Court Yard where the pile cap beams span east to west. One foot thick precast 

concrete panels with two layers of prestressing strands and a 2 in. thick wearing surface 

span between the pile cap beams to form the deck of the pier structure. 

The 135 steel 14BP89 H-piles supporting the Finger Pier Extension are primarily 

distributed along the north and south edges of the pier with a batter pile and plumb pile 

spaced approximately 5 ft on center (Photo B-5). There are a total of 18 H-piles located 

along the centerline of the Finger Pier Extension that support transverse concrete 

beams (oriented north-south) which span between three longitudinal concrete beams 

(oriented east-west) that run along the northern edge, southern edge, and center of the 

Finger Pier Extension. The longitudinal concrete beams also serve as pile caps for the 

steel H-piles. A reinforced concrete deck spans over the transverse and longitudinal 

concrete beams. 

A total of 11 bollards are located along the southern edge of the pier, seven 

bollards and two cleats are located along the western edge of the pier, and eight 

bollards and eight cleats are located along the northern edge of the pier. There are also 

four bollards and two cleats on the Finger Pier Extension. 

Four vessels: Hornblower Hybrid, Hornblower Infinity, Hornblower Serenity, and 

Vista Jubilee moor along the northern side of the pier (Photo B-6). A timber fender 

system comprises timber H-piles, wales, and chocks extends the length of the northern 

edge of the pier, and additional timber fender pile clusters are located at the 

northwestern corner of the pier and at the offshore corners of the Finger Pier Extension 

(Photos B-7 and 8). Four steel pipe H-piles with rubber fender blocks are located 

between Bents N and P-bar and serve as the fender system for the Hornblower vessels. 

Originally, an impressed current cathodic protection system provided protection 

to the H-piles and was operational for approximately ten years before it was abandoned 

due to maintenance problems. In 1989, a sacrificial anode system replaced the original 

impressed current system. A new sacrificial anode system with 33 test stations was 

installed by the Trust in 2000. 
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2.2 EXISTING PILE REPAIRS 

A total of four types of repairs were implemented on the steel H-piles at Pier 40 

during two repair phases in the late 1980s. Of these repair types, three are located at 

the tops of the H-piles and one is located at MLW. At the tops of the H-piles, either a 

protective epoxy coating, welded steel plates with a protective epoxy coating (steel plate 

and epoxy repair), or concrete jackets (encasement repair) were installed (Photos B-9 

and B-10). These repairs were installed to protect or structurally reinforce the H-piles 

within the splash zone, which is where a typical zone of severe corrosion is located. 

The repair at MLW, consisting of C12x30 or MC12x35 channels with 12 or 20 bolts, 

respectively, functions to span a typical zone of severe corrosion at the MLW elevation 

and structurally connect the H-pile pile sections above and below the corrosion (channel 

repair) (Photo B-11 and 12). 

Nearly all H-piles have at least one sacrificial anode installed. A typical elevation 

view of a pile with a channel repair is shown on Figure 2-1. 

2.2.1 Pier Shed 

Nearly all H-piles under the Pier Shed have channel repairs, and the majority of 

H-piles from Pile Bents F through S and between Pile Rows 4 and 19 have either a 

steel plate with epoxy coating or an encasement repair installed above MLW. The steel 

plate and epoxy repairs consist of welded steel plates from approximately 3 ft above 

MLW to within a few inches of the underside of the pile caps. The epoxy coating 

extends to the pile cap. Throughout the Pier Shed, a total of 438 H-piles were observed 

with steel plate and epoxy coating repairs. A total of 382 H-piles have protective epoxy 

coating without steel plates. 

Encasement repairs are generally 3 ft to 4 ft in length and extend down from the 

pile caps. A total of 254 concrete encasements were observed on H-piles under the 

Pier Shed. The greatest concentration of encasement repairs are located under the 

Pier Shed, west of the Court Yard. 

In addition to these short encasement repairs, approximately 34 steel H-piles 

contain full-length concrete encasements or are encased in concrete for most of their 
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length. These H-piles are located mostly under the Pier Shed in an area to the west of 

the Court Yard. 
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2.2.2 Court Yard 

The H-piles under the Court Yard only have channel repairs. Unlike the Pier 

Shed, where all of the H-piles have repairs, only the most severely deteriorated H-piles 

under the Court Yard were previously addressed. According to calculations performed 

by Parsons Brinckerhoff and Quade and Douglas Inc. for the repairs installed in the late 

1980s, H-piles with a remaining flange thickness of 1 /4 in. were determined to be more 

than adequate to structurally support the required HS20-44 live loads without the need 

for repair. Thus, the criterion used for recommending repairs to H-piles under the Court 

Yard included a flange thickness of 1/4 in. or less. 

2.2.3 Finger Pier Extension 

The majority of the H-piles under the Finger Pier Extension have channel repairs 

at MLW or are encased in concrete with fabric stay-in-place formwork. A total of 32 H­

piles under the Finger Pier Extension are encased in concrete for all or part of their 

length. 
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3. INSPECTION FINDINGS 

Pier 40 is in overall Poor condition with 22% of the H-piles rated Major and 35% 

of the H-piles rated Severe, primarily due to severe corrosion within the splash zone at 

the top of the H-piles. 

The Pier Shed and Court Yard pile and underdeck conditions are presented in 

Appendix A, Figures A-1 through A-6 and Figures A-7 through A-12, respectively. The 

Finger Pier Extension pile and underdeck conditions are presented on Figure A-13. 

Photographs of observed conditions are presented in Appendix B, and the cost estimate 

breakdown is presented in Appendix C. Structural calculations are included in Appendix 

0. 

3.1 STEEL H-PILES 

The steel H-piles are in overall Poor condition with 35% of the H-piles rated 

Severe due to severe corrosion within the splash zone and at MLW on H-piles with no 

channel repairs. The edges of the H-pile flanges with severe corrosion are typically 

between 1/4 in. thick and knife-edged. 

In general, the conditions of the steel H-piles at MLW, and below MLW, with the 

exception of H-piles without channel repairs, have little bearing on the overall pile 

ratings because they exhibit only minor to moderate deterioration, and appear to be 

adequately protected by the sacrificial anodes. Typically, the channel repairs and 

associated bolts exhibit minor pitting and the steel H-pile sections within these channel 

repair areas have adequate section remaining (Photo B-13). 

A full visual inspection of the underlying steel H-piles was not possible at H-piles 

with epoxy coating or at H-piles with steel plate and epoxy coating repairs. However, 

the epoxy coating was broken off in small sections at H-piles that received a Level 11/111 

inspection to reveal the underlying steel. At the epoxy coated H-piles strengthened by a 

welded steel plate, the underlying steel (original steel under the epoxy coating) exhibits 

moderate to severe deterioration beneath the epoxy coating. Based on the distribution 

of the observed deterioration, and the large percentage of the surface area of the H-pile 

that is hidden by epoxy coating, H-piles that contain a steel plate and epoxy coating with 

visible rust staining were conservatively graded as Major. It should be noted that the 
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top 1 in. to 3 in., approximately, of steel H-pile between the top of the welded steel 

plates and the pile cap remains unreinforced and exhibits rust staining and cracking of 

the epoxy coating at the pile flange edges. At Level 11/111 inspection areas on steel H­

piles with only epoxy coating (without a steel plate repair), removal of the epoxy coaling 

typically revealed a severe pile section. Therefore, all H-piles that exhibited rust 

staining through an epoxy coating repair (with no welded steel plate) were graded 

Severe during the inspection. The rust stains bleeding through the epoxy coating, as 

well as blistering of the coaling, suggests that the underlying H-piles continue to corrode 

(Photo B-14 and 15). 

The encasement repairs typically exhibit minor spalling and rust staining, 

therefore, steel H-piles with encasements were generally rated Minor during the 

inspection. 

The pile condition rating plans are presented on Figures A-1 through A-6 for the 

Pier Shed and Court Yard and Figure A-13 for the Finger Pier Extension. A summary of 

the pile ratings are provided in Table 3-1. 

Table 3-1 Summary of Pile Conditions 

No. of 
Minor Moderate Major Severe 

Location 
H-piles 

No. % No. % No. % No. % 

Pier Shed 2,845 505 18% 669 24% 698 25% 973 34% 

Court Yard 483 39 8% 255 53% 50 10% 139 29% 

Finger Pier 135 8 6% 17 13% 25 19% 85 63% 

Total 3,463 552 16% 941 27% 773 22% 1,197 35% 

3.1.1 Pier shed 

A total of 2,845 steel H-piles were inspected under the Pier Shed. Of these, 34% 

are rated Severe due to severe corrosion and section loss at the tops of the H-piles 

(Photo B-15 to B-21 ). The non-cluster H-piles exhibit the greatest deterioration because 

the tops of these H-piles are located within the splash zone, where the sacrificial 

anodes do not provide protection. In contrast, the pile caps at the cluster pile locations 

are typically 2 ft lower in elevation and the H-piles are fully submerged at MHW, 

thereby, receiving intermittent periods of cathodic protection from the sacrificial anodes. 
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This observation is substantiated by examining the conditions of cluster H-piles at Pile 

Rows 7 and 17, Bents Q and R. These H-piles are exposed within the splash zone, due 

to the upwards slope of the deck, and are generally the only cluster H-piles rated Major 

to Severe. 

The cluster H-piles at the center of Bent A/B exhibit severe corrosion with knife­

edging of the flanges and have channel repairs that extend to the tops of the H-piles. At 

Bent A/B, the H-piles at Cluster 18 are grouped together in an encasement that extends 

to the mudline. 

At the third single pile north of Cluster Pile 4 in Bent P, there is one loose bolt at 

the top of its channel repair. At H-piles 12 and 14 in Bent U, the encasement repairs 

have full circumference spalls with all of the longitudinal reinforcing bars exposed. 

Ultrasonic thickness readings indicate that the H-piles are mostly deteriorated at 

the pile tops, within the splash zone. It should be noted that the steel is typically heavily 

pitted above water, which makes it difficult to obtain accurate thickness readings. 

Above water readings could not be collected on some H-piles using standard inspection 

equipment. Use of special equipment, e.g. a hand-held grinder, would be required to 

remove the pitting for accurate readings on these H-piles. A summary of the obtained 

readings are provided in Table 3-2. 

Table 3-2 Pier Shed - Average and Minimum Thickness Measurements on H-piles 

Reading Avg. Flange Thickness Avg. Flange Avg. Web Thickness 
Location {Minimum Thickness) % Loss {Minimum Thickness) 

Top of Pile 
0.371 in . 40 0.509 in. 

(hole) (100) (hole) 

Mid-pile 
0.481 in. 22 0.276 in . 

(0.273 in.) (56) (hole) 

Mudline 
0.497 in . 19 0.473 in. 

(0.245 in.) (60) (0.196 in.) 

Notes: Section loss is based on the original flange and web thickness of 0.615 in. 
The top value is the average of thickness reading, and the number in parenthesis is the 
minimum thickness reading recorded. 
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17 
(100) 
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(100) 
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3.1.2 Court Yard 

A total of 483 steel H-piles were inspected under the Court Yard. Of these, 29% 

are rated Severe primarily due to severe corrosion and section loss within the tidal zone 

at H-piles without channel repairs. There are 152 H-piles without channel repairs. 

Similar to the cluster H-piles under the Pier Shed, the H-piles under the Court Yard are 

fully submerged at MHW, thereby, receiving some level of protection from the sacrificial 

anodes (Photo B-22). There is only one encasement repair and only four steel plate 

and epoxy repairs on H-piles under the Court Yard. 

Ultrasonic thickness readings indicate that the H-piles are the most deteriorated 

at mid-pile elevation. It should be noted that the steel is typically heavily pitted above 

water, which makes it difficult, and sometimes not possible, to obtain accurate thickness 

readings with standard inspection equipment. A summary of the obtained readings are 

provided in Table 3-3. 

Table 3-3 Court Yard - Average and Minimum Thickness Measurements on H-piles 

Reading Avg. Flange Thickness Avg. Flange Avg. Web Thickness 
Location (Minimum Thickness) %Loss (Minimum Thickness) 

Top of Pile 
0.463 in . 25 0.497 in. 

(0.250 in.) (59) (0.227 in. ) 

Mid-pile 
0.384 in. 38 0.379 in. 

(0.162 in .) (74) (0.120 in.) 

Mudline 0.526 in . 15 0.507 in. 
(0.273 in.) (56) (0.258 in.) 

Notes: Section loss is based on the original flange and web thickness of 0.615 in. 
The top value is the average of thickness reading, and the number in parenthesis is the 
minimum thickness reading recorded. 

3.1.3 Finger Pier 

Avg. Web 
% Loss 

19 
(63) 

38 
(81) 

18 
(58) 

Of the 135 steel H-piles supporting the Finger Pier Extension, 63% are rated 

Severe due to severe corrosion and section loss with knife-edged flanges at the tops of 

the H-piles without encasement repair, and due to severely damaged encasements with 

the underlying steel H-piles exposed. The steel H-piles with severely damaged 

encasements are conservatively rated Severe because a full visual inspection was not 

possible during the inspection due to the presence of timber spacers located between 

the pile flanges and the remaining concrete comprising the encasements. Of the 32 
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encasements, 23 have severe damage which has exposed the steel H-piles and or steel 

cage reinforcement. 

Ultrasonic thickness readings indicate that the H-piles are the most deteriorated 

at mid-pile elevation. It should be noted that the steel is typically heavily pitted above 

water, which makes it difficult, and sometimes not possible, to obtain accurate thickness 

readings with standard inspection equipment. A summary of the obtained readings is 

provided in Table 3-4. 

Table 3-4 Finger Pier - Average and Minimum Thickness Measurements on H-piles 

Reading Avg. Flange Thickness Avg. Flange Avg. Web Thickness 
Location (Minimum Thickness) % Loss (Minimum Thickness) 

Top of Pile 
0.359 in. 42 0.528 in. 

(hole) (100) (0.253 in.) 

Mid-pile 
0.453 in . 26 0.396 in. 

(0.368 in .) (40) (0.263 in.) 

Mudline 
0.443 in. 28 0.434 in. 

(0.367 In.) (40) (0.245 in .) 

Notes: Section loss is based on the original flange and web thickness of 0.61 5 in. 
The top value is the average of thickness reading, and the number in parenthesis is the 
minimum thickness reading recorded. 

3.2 CONCRETE PILE CAP 

3.2.1 Pier Shed and Court Yard 

Avg. Web 
% Loss 

14 
(59) 

36 
(57) 

30 
(60) 

The concrete pile caps under the Pier Shed and Court Yard are generally in Fair 

condition with corrosion cracks on the cap soffits that extend from the flange tips of the 

steel H-piles to the bottom corners of the pile caps. At a number of locations, these 

corrosion cracks have either extended along the vertical faces of the concrete pile caps 

at a 45 to 60 degree angle, or have resulted in spalls up to 2 ft high along the bottom 

corners of the caps (Photos B-14 and B-15). These deficiencies do not directly affect 

the load bearing capacity of the H-piles, however they could affect the integrity of the 

connections between the steel H-piles and the concrete caps. In the Court Yard, the 

pile caps typically have hairline map cracks on the vertical faces with efflorescence 

(Photo B-23). 
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At the pile caps along the edge beam of the Pier Shed, there are vertical cracks 

up to 1/2 in. wide and spalls due to severe corrosion of the bollard through-bolts at 

isolated locations. The vertical cracks and spalls on the pile caps due to corrosion of 

the bollard through-bolts are shown in Appendix A, Figures A-7 to A-12. 

3.3 CONCRETE PILE CAP BEAM AND EDGE BEAM 

3.3.1 Pier Shed and Court Yard 

The concrete pile cap beams under the Pier Shed and Court Yard are in Fair 

condition with typical rust staining and opposing longitudinal corrosion cracks that have 

resulted in delaminations along the beam soffits (Photo B-24 and B-25). In isolated 

locations, the delaminations along the beam soffits have developed into spalls with 

exposed steel reinforcement for lengths ranging from 1 ft to nearly 15 ft across the 

entire width of the beams (Photo B-26 and B-27). Under the Court Yard, the pile cap 

beams typically have hairline map cracks on the vertical faces with efflorescence (Photo 

B-24). 

There are typical vertical cracks up to 1/16 in. wide at the joints between the 

offshore pile cap beams and edge beams, and also at the mid-span locations at isolated 

pile cap beams. At the pile cap beam in Bent K, between Piles 14 and 14-bar, a 1/8 in. 

wide diagonal crack runs from a closed spall at the top of the beam and extends 

through the full depth of the beam. Between Piles ?-bar and 8 in Bent N, exposed 

reinforcing and foam is located in an area along the top edge of the beam where 

additional concrete was placed after the original casting of the pile cap beam. 

Additionally, steel reinforcement is protruding from the top surface of the pile cap at Pile 

Row 16. 

A concrete closure wall extends around the south, west, and north perimeter of 

the Court Yard. The closure wall is located above the Court Yard pile cap beams along 

Pile Row ?-bar, on the south side, Pile Row 16-bar, on the north side, and along Pile 

Bent P-bar, on the west side, and typically exhibits cracking up to 1 /16" and moderate 

spalling. At Bent P-bar, between Pile Rows 15-bar and 16, there are gaps at the joints 

between the concrete closure wall and a deck panel for the Pier Shed. Between Bent I 

and I-bar, along Pile Row ?-bar, a large crack up to 3/4 in. wide is located in the 

concrete closure wall where the wall is visibly deflected (Photo B-28 and B-29). 
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At Bent 18 there is a pile cap beam that runs east-west from Pile U to T. This 

beam exhibits cracking and delamination along the bottom edge, and there is a 2.5 in. 

gap between the top of the beam and the concrete deck slab above. 

The concrete edge beams are in overall Fair condition with general areas of 

minor erosion up to 1 in. deep along the length of the beams. There are isolated 

delaminations and spalls with exposed reinforcing steel along the top and bottom edges 

of the edge beams ranging in length from 1 ft to 5 ft and up to 6 in. in depth. The largest 

area of erosion is located on the western edge beam between Bents 7 and 8-bar, where 

the full height of the beam is eroded away up to 1 in. deep with exposed reinforcing 

steel (Photo B-30). 

The deficiencies on the pile cap beams and edge beams are shown in Figures A-

7 through A-12. 

3.3.2 Finger Pier Extension 

The longitudinal concrete and transverse concrete beams at the Finger Pier 

Extension are in overall Fair condition. Similar to the beams under the Pier Shed and 

Court Yard, the beams exhibit rust staining and delaminations in the beam soffits (Photo 

B-31) with isolated spalls with exposed steel reinforcing. 

The fascia of the concrete beams around the perimeter of the Finger Pier exhibit 

general areas of surface erosion up to 1/2 in. deep along the bottom and top edges. On 

the exterior face of the northern longitudinal beam at Bent V, there is a full height, 1 /8 in. 

wide vertical crack due to corrosion of the cleat hardware. Also, along the exterior face 

of northern longitudinal beam, between W.4 and W.6, a 10 ft long by 1/8 in. wide 

horizontal crack is located at the longitudinal centerline of the beam. 

The concrete beam deficiencies are included on Figure A-13. 

3.4 CONCRETEUNDERDECK 

3.4.1 Pier Shed and Court Yard 

The concrete underdeck at Pier 40 is in overall Fair condition with minor hairline 

cracks (Photo B-3 and B-4). Isolated spalls up to 3 in. deep with exposed prestressing 

strands and reinforcing steel are located throughout the pier (Photo B-32 through B-34). 
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In general, these spalls are less than 2 sq ft in area with only one or two partially 

exposed steel reinforcing bars or prestressing strands. 

At the deck panel south of Cluster Pile 11 in Bent E, multiple prestressing strands 

are exposed. In addition, at the deck panel east of Pile 9 East in Bent F, multiple 

prestressing strands are exposed and are broken (Photo B-35). 

An approximately 30 sq ft spalled area with exposed steel reinforcing is located 

at a cast-in-place portion of the deck, west of the pile cap beam located south of Pile 

Cluster 7, in Bent F. 

Between Bents 16 and 16-bar, several hangers are attached to the concrete 

underdeck and support a partially collapsed 48 in. diameter concrete outfall. At the 

offshore end of the pier, the outfall has completely collapsed and is supported by steel 

beams attached to the H-piles. Several pipe hangers remain attached to the underdeck 

and no longer support the outfall. 

The locations of the deck panel spalls are included on the underdeck deficiency 

plans in Figures A-7 through A-12. 

3.4.2 Finger Pier Extension 

The Finger Pier Extension concrete underdeck is in overall Fair condition with 

areas of shallow cover and spalls with exposed steel reinforcing (Photo B-36 and B-37). 

The underdeck at the southwestern bay of the pier has an approximate 40 sq ft spall 

with two broken reinforcing bars and additional exposed steel reinforcing in both 

directions. 

3.5 PIER APRON 

The top of deck around the Pier Shed is generally in Satisfactory condition with 

cracks in the asphalt surface and typical deterioration of the expansion joints. There is 

a dislodged cleat at Bent 12 along the western edge of the pier, and a cleat with a 

broken horn near Bent J along the northern edge of the pier. 
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3.6 FENDER SYSTEM 

The fender systems for the four Hornblower vessels, along the northern edge of 

the pier, are in overall Good condition. The timber fender system along the north side 

of the pier is approximately 300 ft long and exhibits minor deterioration and abrasion 

(Photo B-8 and B-38). To accommodate the Hornblower vessels that berth along the 

north side of the pier, steel pipe H-piles with tires and rubber fender blocks are attached 

to the concrete edge beam and serve as a fender system. These piles exhibit 100% 

coating loss and minor corrosion. 

There is no functioning fender system along the southern and western edges of 

Pier 40. At the southern edge of the pier, portions of deteriorated timber chocks and 

rubber blocks remain attached to the fascia of the concrete edge beam. 

The fender system on the Finger Pier Extension is also non-functional with only 

remnants of timber chocks attached to the fascia of the exterior longitudinal beams. 

The timber fender cluster piles located at the western corners of the Finger Pier 

Extension and the northwest corner of Pier 40 are in Poor condition. All of the 

accessible timber piles are split or broken within the tidal zone (Photo B-39 and B-40). 

3.7 CATHODIC PROTECTION SYSTEM 

The cathodic protection system consists of sacrificial anodes attached to the 

north and/or south faces of each Pile with one to five sacrificial anodes per pile. At least 

two generations of sacrificial anodes exist at most pile locations under the Pier Shed 

and one generation of sacrificial anodes exists under the Court Yard. Based on field 

observations, it appears that both generations of anodes are of similar size. The 

anodes installed as part of the most recent cathodic protection efforts include a 144 lb 

anode located just below the mid-tide elevation, and a 115 lb anode located just above 

the mudline elevation. Details of the most recent anode installation efforts are provided 

in Appendix F. As outlined in the 2000 cathodic protection system plans, two sacrificial 

anodes were installed per pile with additional anodes installed as necessary. 

Additionally, 33 test stations were installed throughout the pier. 
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As part of this inspection, an estimated section loss of each anode was recorded 

and used in conjunction with electrical potential readings recorded at the 33 test stations 

to estimate the remaining functional life of the cathodic protection system. Table 3-5, 

below, presents the electrical potential readings collected in 2005, 2006, 2008, and 

2014. 
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Pier 40 - Cathodic Protection Performance Evaluation 
Pile(+) to Silver/Silver Chloride Reference(-) Potential - Volts 

13-Sep-05 13-0ct-06 21-Nov-08 27-Feb-14 

Measurement Location 
1' Below Half-Way 

At 
1' Below Hair-Way 

At 
1' Below Half-Way Half-Way 

At At 
Water to 

Mudline 
Water to 

Mud.line 
Water to AtMLW to 

Line Mudline Line Mud.line Line Mudline 
Mudline Mudline 

Mudline 

Test Location I -0.913 -0.916 -0.918 -0.900 -0.890 -0.900 -0.911 -0.904 -0.902 -0.844 -0.850 -0.856 

Test Location 2 -0.980 -1.022 -1.050 -0.920 -0.925 -0.940 -0.918 -0.922 -0.905 -0.860 -0.913 -0.890 

Test Location 3 -1.022 -1.045 -1.095 -0.963 -0.975 -0.970 -0.942 -0.955 -0.924 -0.920 -0.970 -0.928 

Test Location 4 -1.031 -1.055 -1.070 -0.928 -0.930 -0.920 -0.913 -0.918 -0.911 -0.910 -0.926 -0.912 

Test Location 5 -1.016 -1.050 -1.035 -0.885 -0.901 -0.903 -0.881 -0.893 -0.895 -0.874 -0.885 -0.864 

Test Location 6 -1.055 -1.065 -1.058 -0.952 -0.940 -0.935 -0.937 -0.939 -0.934 -0.954 -0.938 -0.920 

Test Location 7 -1.068 -1.070 -1.065 -0.948 -0.950 -0.943 -0.923 -0.932 -0.926 -0.973 -0.930 -0.848 

Test Location 8 -1.080 -1.086 -1.058 -0.948 -0.920 -0.952 -0.935 -0.930 -0.924 -0.864 -0.919 -0.884 

Test Location 9 -1.017 -1.020 -1.021 -0.870 -0.870 -0.850 -0.873 -0.864 -0.852 -0.925 -0.929 -0.896 

Test Location 10 -1.100 -I. I 05 -I.I 09 -0.902 -0.910 -0.904 -0.895 -0.900 -0.887 -0.928 -0.929 -0.889 

Test Location 11 -1.160 -1.190 -1.230 -0.860 -0.880 -0.860 -0.875 -0.873 -0.874 -0.877 -0.880 -0.860 

Test Location 12 -1.058 -I.I 00 -1.130 -0.925 -0.930 -0.910 -0.912 -0.926 -0.924 -0.882 -0.880 -0.866 

Test Location 13 -1.080 -1.108 -1.120 -0.925 -0.940 -0.890 -0.916 -0.924 -0.922 -0.970 -0.937 -0.905 

Test Location 14 -1.054 -1.112 -1.115 -0.900 -0.930 -0.890 -0.887 -0.908 -0.903 -0.858 -0.888 -0.850 

Test Location 15 -1.130 -1.140 -1.140 -0.880 -0.880 -0.860 -0.874 -0.894 -0.891 -0.866 -0.868 -0.864 

Test Location 16 -1.072 -1.085 -1.110 -0.890 -0.880 -0.860 -0.895 -0.906 -0.890 -0.875 -0.889 -0.907 

Test Location 17 -1.104 -1.110 -1.120 -0.890 -0.890 -0.880 -0.913 -0.926 -0.906 -0.836 -0.839 -0.803 

Test Location 18 -1.056 -1.068 -1.065 -0.880 -0.890 -0.880 -0.883 -0.905 -0.902 -0.898 -0.836 -0.797 

Test Location 19 -1.120 -1.150 -1.158 -0.910 -0.910 -0.900 -0.895 -0.898 -0.886 -0.815 -0.780 -0.746 

Test Location 20 -2.150 -2.210 -2.200 -0.904 -0.915 -0.843 -0.904 -0.908 -0.904 -0.847 -0.858 -0.843 

Test Location 21 -2.004 -2.140 -2.110 -0.890 -0.900 -0.880 -0.890 -0.897 -0.894 -0.795 -0.792 -0.778 

Test Location 22 -1.860 -1.880 -1.880 -0.890 -0.910 -0.900 -0.887 -0.897 -0.888 -0.875 -0.870 -0.857 

Test Location 23 -1.630 -1.650 -1.650 -0.912 -0.908 -0.900 -0.916 -0.905 -0.911 -0.820 -0.840 -0.811 

Test Location 24 -1.084 -1.122 -1.108 -0.905 -0.920 -0.904 -0.892 -0.897 -0.893 -0.905 -0.910 -0.886 

Test Location 25 -1.420 -1.460 -1.450 -0.880 -0.900 -0.890 -0.902 -0.914 -0.907 -0.900 -0.879 -0.863 

Test Location 26 -1.220 -1.360 -1.340 -0.900 -0.910 -0.890 -0.894 -0.903 -0.902 -0.897 -0.896 -0.878 

Test Location 27 -1.198 -1.208 -1.210 -0.930 -0.940 -0.890 -0.927 -0.933 -0.902 -0.953 -0.955 -0.917 

Test Location 28 -1.088 -1.113 -1.124 -0.902 -0.924 -0.930 -0.898 -0.903 -0.891 -0.930 -0.913 -0.877 

Test Location 29 -1.092 -1.108 -1.110 -0.920 -0.933 -0.925 -0.902 -0.908 -0.903 -0.947 -0.951 -0.940 

Test Location 30 -1.087 -1.108 -1.134 -0.928 -0.925 -0.901 -0.914 -0.925 -0.915 -0.966 -0.980 -0.959 

Test Location 31 -1.109 -1.120 -1.180 -0.911 -0.923 -0.917 -0.914 -0.915 -0.912 -0.954 -0.947 -0.919 

Test Location 32 -1.034 -1.074 -1.100 -0.890 -0.910 -0.890 -0.883 -0.885 -0.902 -0.910 -0.919 -0.967 

Test Location 33 -1.030 -1.065 -1.055 -0.904 -0.904 -0.903 -0.887 -0.897 -0.884 -0.890 -0.891 -0.874 

Minimum Potential -0.913 -0.843 -0.852 -0.746 

Maximum Potential -2.210 -0.975 -0.955 -0.980 

Average Potential -1.208 -0.907 -0.905 -0.888 



A comparison of these electrical potential readings shows that the current 

readings are slightly less negative than what were observed in earlier inspections. This 

slight, but notable decline in potential readings, combined with current observed section 

loss quantities on the anodes is a good indicator that the cathodic protection system is 

working to protect the underwater portions of the H-piles. It should be noted when 

reviewing these potential readings that the minimum threshold for cathodic protection, 

using a silver/silver-chloride reference cell in a 3.5m solution of KCI (Potassium 

Chloride), is -0.750V. As shown in Table 3-5, the average potential measured in 2014 

is -0.888V, which is slightly less negative than the average measured in 2008, -0.905V. 

A reading of -0.746V was recorded at Test Location 19. Although this is below the 

minimum threshold of -0.750V, the difference is negligible and this pile can still be 

considered as protected. The anodes at this particular pile are likely close to the end of 

their functional life. 

In addition to the remaining anode material, water depths (wetted surface areas 

of the H-piles) play a factor in the remaining functional life of the system. Average 

submerged pile depths of 15 ft and 20 ft were used for the Court Yard and the Pier 

Shed, respectively. The table below shows the estimated remaining life of the cathodic 

protection system. 
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Table 3-6 Pier 40 - Remaining Useful Life of Cathodic Protection System 

Estimated Pier Shed Court Yard 

Years 
Pile Cumulative % of Cumulative % of 

Remaining Count H-piles 
Pile Count 

H-piles 

0 430 15% 177 37% 

I 363 28% 19 41% 

2 3 28% IOI 61% 

3 383 42% 91 80% 

4 352 55% 0 80% 

5 193 61% 58 92% 

6 6 62% 0 92% 

7 233 70% 14 95% 

8 129 75% 0 95% 

9 I 75% IO 97% 

10 153 80% 8 99% 

11 87 83% 0 99% 

12 186 90% 2 99% 

13 I 90% 0 99% 

14 36 91% I 100% 

15 33 92% 0 100% 

16 0 92% I 100% 

17 68 95% I 100% 

18 35 96% 0 100% 

19 10 96% 0 100% 

20 I 96% 0 100% 

More 12 100% 0 100% 
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The Court Yard H-piles are typically protected by two anodes per pile. The 

remaining useful life of these anodes ranges between O years and 17 years, with a 

median remaining useful life of 1 year. The Pier Shed H-piles are protected by two to 

five anodes per pile. The remaining useful life of these anodes ranges between O years 

and more than 20 years, with a median remaining useful life of 3.5 years. The graph 

below illustrates the information provided in the table above. 

Pier 40 Cathodic Protection Estimated Remaining 
Life 
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As illustrated in the graph above, a steep increase in the number of unprotected 

H-piles is expected over the next 3 years under the Court Yard. The Pier Shed is 

expected to experience a steady increase in unprotected H-piles over the next 1 O years. 

Overall, the electrical potential readings presented in Table 3-5 suggest that all 

H-piles are currently protected by the existing cathodic protection system; however, the 

estimated remaining life calculations suggest that the sacrificia l anode system is nearing 

the end of its useful life, and is possibly no longer adequately protecting the H-piles in 

many areas. The following is a list of items that were considered when developing 

recommendations for the cathodic protection system. 
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• Potential readings were recorded at 33 locations throughout the pier, which 

represent only 1 percent of the total H-piles supporting the pier. A more 

extensive survey of electrical potentials would provide a more accurate analysis 

of the estimated remaining life of the system. 

• The original pier cathodic protection system was an impressed current-type 

system and all H-piles are likely electrically bonded. This bonding allows H-piles 

with excess anode material to protect nearby H-piles with little or no anode 

material. The amount of protection offered, however, cannot be confirmed 

without a more extensive potential survey and therefore, was not included in this 

evaluation. 

• The estimated remaining life calculations are reliant on visual observations and 

estimates of remaining anode sections. 

While it is estimated that the majority of the pier is protected at the time of this 

report, most of the sacrificial cathodic protection system appears to be at the end of its 

useful life. Considering the items presented in the list above, and the degenerative 

effects of saltwater on an uncoated steel structure, it is recommended that action be 

taken to protect the steel H-piles supporting Pier 40.lt is important to note that the data 

presented does not reflect the entire pier structure and that the items listed above 

introduce additional uncertainties regarding the overall protection of the pier. 

In addition, the reference electrodes at the pier's potential test stations are no 

longer functioning and it is recommended that they be abandoned. 
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4. PIER LOAD RATING AND STRUCTURAL ANALYSIS 

4.1 PURPOSE OF ANALYSIS 

A structural analysis was performed to determine the overall load rating of the 

pier and the capacity of the piles to resist lateral loads. The load rating portion of the 

analysis was based upon load combinations provided in the Trust's 2001 Structural 

Design Guidelines, included in Appendix E. The analysis was performed using 

Allowable Stress Design (ASD) criteria. Evaluation of the steel and concrete elements 

was performed in accordance with the American Institute of Steel Construction (AISC) 

Steel Construction Manual and American Concrete Institute (ACI) 318. 

The structural calculations are provided in Appendix D. 

4.2 OVERALL LOAD RATING 

The overall load rating for the pier is governed by the element with the minimum 

remaining live load capacity, based upon the levels of deterioration observed during the 

inspection. This load rating is based upon a Routine inspection, which includes a swim­

by inspection of 90 percent of the structural elements and a hands-on (Level 2) 

inspection of 10 percent of the structural elements. Since this inspection is general in 

nature, the load rating contains generalizations of conditions and assigns a single load 

rating to large areas of the pier. 

The structural elements that were analyzed included the steel H-piles, concrete 

pile cap beams, and the concrete deck. The allowable live load capacity of the pier was 

determined by subtracting the dead loads from the remaining capacity of the elements. 

In addition to determining the overall allowable uniform live load capacity, each 

structural element was analyzed to check two different fire truck specifications within an 

allowable stress of 130% in the element. The details of each fire truck are presented 

below: 

• Fire Truck: 68,000 lb vehicle load with a 24 kip wheel load (48 kip rear 

axle load) and a 37ft - 9in. wheel base 
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• Rescue Truck: 74,800 lb vehicle load with a 26 kip wheel load (52 kip rear 

axle load) and a 17ft - 2in. wheel base. 

4.2.1 Steel H-Piles 

(A) METHODOLOGY 

The condition ratings for the steel H-piles under the Pier Shed, Court Yard and 

Finger Pier Extension were primarily dictated by the level of deterioration found within 

the splash zone. For the analysis, each pile was broken up into four zones: top, mid­

pile, bottom (mudline), and below the mudline. The ultrasonic thickness measurement 

data for the piles identified the top zone as the most extensively deteriorated and this 

zone was conservatively estimated to include the top 4.75 ft of the piles. Below this 

zone, the mid-pile zone, is where the majority of the piles previously received a 

structural repair (Parsons 1989), consisting of C-channels bolted to each flange of the 

H-Piles. From the bottom of the 1989 repair to the mudline is the mudline zone. The 

thickness measurements within this zone suggest only minor to moderate pile 

deterioration. Below the mudline, the piles were assumed to have their original cross 

section, or to be very close to their original cross section. 

To analyze the piles using these distinct deterioration zones, STAAD, a finite 

element based structural analysis program, was utilized. The thickness readings within 

each pile grade (Minor, Moderate, Major, and Severe) were averaged and examined for 

both the 2009 and 2014 inspections. The lower (more conservative value) was taken 

and used as the representative flange and web thickness for each pile grade and zone. 

To determine the overall capacity of each representative pile, three checks were 

performed. The first check was to evaluate the global stability of each pile. Due to the 

complexity of the H-pile section, a non-standard approach was needed to calculate the 

capacity of a deteriorated pile. In STAAD, an iterative buckling analysis was performed 

to determine the Euler buckling factor for a given pile grade. From the Euler buckling 

factor, the Euler buckling critical stress was determined. This value was then utilized to 

calculate the overall pile capacity. 

The second check, which was generally found to be the controlling failure 

catalyst for most representative pile grades, was for local buckling of the pile flanges. 

As the H-pile flanges deteriorate and lose cross sectional area, they become slender 
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and therefore, are more likely to fail due to buckling. To check for local buckling of the 

flange, the Euler buckling critical stress was applied for evaluation through AISC 

Chapter E, section 7. 

The third check for the piles was made to evaluate the most severe corrosion 

observations and representative pile sections for local crushing/yielding of the steel. 

Results from this check revealed that local crushing of the steel was not a controlling 

failure mechanism for the piles. 

An evaluation of lateral loads on the pier structure was also included in the 

structural analysis to determine the capacity of the piles to resist ice, wind, wave, 

current, and mooring loads. The overall analysis, and determination of the remaining 

allowable live load for the pier, was performed by using the loading combinations 

included in the HRPT Structural Design Guidelines. The applicable load combinations 

and loads are provided in Table 4-1. The alpha-numeric load combination designations 

correspond to those identified in the HRPT Structural Design Guidelines. 

Table 4-1 Load Combinations for Lateral Load Analysis 

Load Combination 
Load 

81 83 85 87 SB 89 

Dead 1 1 1 1 1 1 

Live 1 1 - - 1 -

Current - 1 1 - - 1 

Wind on Structure - 0.3 1 - - 1 

Earthquake - - - 1 - -

Wave* - 0.3 1 - - -

Ice - - - - 1 1 

% Allowable Stress 100 125 140 133 140 150 

Wave loads were not included in the HRPT Structural Design Guidelines Load 

Combinations, however, they have been included in this analysis. 

Given the complexity and size of Pier 40, the structural analysis was primarily 

performed by utilizing a three-dimensional model in a structural analysis program. 
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Considering that the pier is structurally separated by expansion joints, the 300 ft by 220 

ft northwestern corner of the structure was determined to be the most critical portion 

due to its location and vulnerability to lateral loads, as well as the exposed height of the 

steel H-piles supporting it. This portion of the pier was modeled from the steel H-piles 

to the two-story concrete building on top of the pier deck. The steel H-piles were 

entered into the model using their original cross-sectional area. The mudline along the 

exterior and interior piles was assumed to be 15 ft and 12 ft, respectively, below MLW. 

The Court Yard was not analyzed for lateral loads. It was assumed that all lateral loads 

are resisted by the Pier Shed structure. 

The Finger Pier Extension was modeled separately in a structural analysis 

program, as it is a completely independent structure and is located where the greatest 

water depths were identified beneath Pier 40. The mudline along at the Finger Pier 

Extension was assumed to be 30 ft below MLW. 

The loading combinations included in Table 4-7 were applied to the structural 

models of the northwest corner of Pier 40 and the Finger Pier Extension. Using the 

results from the structural analysis for the entire pier structure, the bending moments 

incurred due to the lateral loads were determined for each individual steel H-pile. For 

the purposes of this analysis, the worst-case bending moment from each applied lateral 

load (wind, current, ice, earthquake, wave) was reapplied to a STAAD model of a single 

pile with a reduced cross section, based on its pile grade. From this, the steel utilization 

ratio was determined. The steel utilization ratio, combined with the axial capacity of the 

pile, was then used to calculate the axial steel utilization ratio for the pile. These values 

were then combined using the axial/flexure interaction equation in AISC Chapter H, 

section 1 to determine whether the deteriorated pile could resist the combined bending 

and axial loads. 

It should be noted that this analysis is conservatively based since it assumes that 

every pile under the pier is resisting the worst case combination of moment and axial 

loads, and that there is no redistribution of the moments to adjacent piles. 

ASD was used for this analysis and a factor of safety of 1.67 was included in all 

calculations. 
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(B) DESIGN VALUES 

The typical pile length for the Pier Shed, Court Yard, and Finger Pier Extension 

were based on the longest exposed pile height observed during the inspection with a 

point of pile fixity located 12 ft below the mudline. The point of fixity below the mudline 

was identified by using "L-pile," a pile analysis program, and through geotechnical 

information obtained from Mueser Rutledge's Compilation of Available Geotechnical 

Data Report, dated December 1997. The results of the L-Pile analysis are included in 

Appendix E of this report. 

A summary of the steel H-pile design values used for the STAAD program are as 

listed in Table 4-2. It should be noted that no level II piles were rated as minor under 

the Court Yard, as noted in Table 4-3, Minor Pile. 

Table 4-2 Summary of Steel H-Pile Design Values 

Pile 
Dead 

Tributary 

Location 
Length 

Fy (ksi) Load 
Area 

(ft) (kips) (SF) 

Pier Shed 37 76 312.5' 
Truck 

30 Court 36 103 441 

Finger 
46 80.4 225 

Pier 

* The tributary area for the piles supporting the Pier Shed was based on the section of the pier between Bents R and 
T, and Pile Rows 18 and 19. The length and width of the area is 12.5 ft and 25 ft, respectively. 

Table 4-3 Summary of Steel H-Pile Design Values 

Severe Pile Major Piie 

Fineer Pier (in.) Pier Shed (in.) Truck Court (in.I Fin<>er Pier (in.) Pier Shed (in.\ Truck Court (in.) 
Top Flange 0.259 0.274 0.447 Top Flange 0.39 0.414 0.452 

Web 0.407 0.398 0.459 Web 0.445 0.441 0.49 
Mid Flange 0.454 0.271 0.243 Mid Flange 0.453 0.227 0.326 

Web 0.384 0.27 0.267 Web 0.417 0.286 0.326 
Bottom Flange 0.418 0.425 0.494 Bottom Flange 0.412 0.465 0.488 

Web 0.411 0.473 0.502 Web 0.44 0.476 0.504 

Moderate Pile Minor Pile 

Finger Pier (in.) Pier Shed (in.) Truck Court (in.) Fine:er Pier (in.) Pier Shed (in.) Truck Court (in.) 
Top Flange 0.449 0.459 0.428 Top Flange 0.611 0.525 N/A 

Web 0.43 0.448 0.448 Web 0.608 0.483 N/A 
Mid Flange 0.478 0.325 0.516 Mid Flange 0.421 0.224 N/A 

Web 0.275 0.257 0.462 Web 0.493 0.322 N/A 
Bottom Flange 0.42 0.503 0.447 Bottom Flange 0.52 0.484 N/A 

Web 0.42 0.472 0.472 Web 0.545 0.485 N/A 
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4.3 LATERAL LOAD ANALYSIS 

4.3.1 Loads 

The following loads were applied to the structural models for the single pile 

analyses, the northwest corner of Pier 40, and the Finger Pier Extension. 

(A) DEAD LOAD 

The dead load for the single pile analysis of a typical non-cluster steel H-pile 

under the Pier Shed is 76 kips, and is based on a tributary area of approximately 312 sq 

ft. The dead load on a single typical steel H-pile under the Finger Pier is 80 kips, and is 

based on a tributary area of 225 sq ft. An additional superimposed dead load of 30 psf 

was added to the Finger Pier to account for the existing structure since this structure 

bears on the deck of the Finger Pier. 

(B) LIVE LOAD 

After all of the aforementioned loads were applied, based on the load 

combinations, the remaining capacities of the piles were used to determine the 

maximum allowable live load for the pier. 

(C) CURRENT 

Based on historical design data for the Hudson River, a current velocity of 2.0 

knots was used in the analysis, which results in a uniform line load of 13.2 pounds per 

linear foot. This was applied over the length of each pile, from MHW to the mudline. 

(D) WIND ON STRUCTURE 

Based on the wind load criteria provided in the HPRT Structural Design 

Guidelines, a wind velocity of 110 mph, Exposure C, with an importance factor of 1.0 

was applied over the entire structure. 

(E) EARTHQUAKE 

Although seismic loading was not included in the original scope of work, 

earthquake loading was applied to the structural models. The following parameters 

were used for earthquake loading. 

• NYC Building Code 2008 
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• A=0.15 

• Site Coefficient, S = 1.2 

• Importance Factor, le= 1.0 

• Response Modification Factor, Rw = 5 for main pier, Rw = 3 for finger pier 

(F) WAVE 

Based on the extreme wave conditions data provided in the H RPT Structural 

Design Guidelines, a wave force acting on the concrete edge beam was calculated. 

The wave force was based on a southerly wave with a significant wave height of 1 Oft, a 

wave period of 5.4 seconds, and wavelength of 218 ft. Using these parameters, the 

wave load applied to the vertical face of the edge beam was calculated to be 223 psf. 

Uplift due to waves, and waves from the westerly direction were not considered in the 

analysis. 

(G) ICE 

Based on ice load data provided in the HRPT Structural Design Guidelines, an 

ice thickness of 8 in. with a crushing strength of 100 psi was used. The dynamic ice 

load acting on a pile is 14 kips, with an abrasion load of 1.54 kips located along the 

sides of the pile. These two ice loads were applied concurrently. 

(H) VESSEL MOORING 

A mooring analysis for the Hornblower Infinity was performed using OPTIMOOR 

mooring analysis software. The purpose of the mooring analysis was to determine the 

lateral loads imposed on the pier structure as a result of wind, current, and waves 

pushing the moored vessel onto the pier. Although the current fender system for the 

Hornblower Infinity includes steel pipe piles with rubber blocks; for the purposes of this 

analysis, a timber fender system comprised of timber piles spaced 8 ft on-center, with 

timber wales and chocks attached to the concrete edge beam was assumed. Vessel 

dimensions for the Hornblower Infinity are included in Table 4-4. 
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Table 4-4 Vessel Particulars for the Hornblower Infinity 

Parameter Vessel Particular 

Length (LOA) 205.3 

Beam 46.4 ft 

Depth 23.3 ft 

Draft 
7.11 I 8.6 ft 

(Lightship I Full Load) 

Displacement 
799 / 1034 Long Ton 

(Lightship I Full Load) 

A summary of the environmental conditions used in the mooring analysis is 

provided in Table 4-5. All parameters were applied in a north-south (upriver-downriver) 

direction to estimate the most severe loads on the vessel. 

Table 4-5 Summary of Mooring Analysis Environmental Parameters 

Parameter Design Value 

Wind Speed 110 mph (96 knots) 

Current Velocity 2 knots 

Significant Wave Height 10 ft 

Wave Period 5.4 seconds 

Since the purpose of the analysis was to determine the lateral loads imposed on 

the steel H-piles by the moored vessel, an assumed mooring arrangement for the 

Hornblower Infinity was used. The capacities of the mooring lines and bollards were 

assumed to be sufficient to support the applied loads and were not evaluated in the 

analysis. 

Based on the results of the mooring analysis, the total lateral load imposed on 

the fender system and pier structure over the 190 ft length (LBP) of the vessel is 253 

kips, or 1.3 kips per ft along the length of the concrete edge beam. The loadings 
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imposed by the Hornblower Infinity is comparable to the combined wind and wave 

loading along the same length of pier, and is therefore not included in the loading 

combination. 

4.3.2 Load Analysis Results 

(A) PIER SHED 

The results of the structural analysis are summarized in Table 4-6. The table 

lists each loading combination, the minimum pile grade required to resist each loading 

combination, and the associated allowable live load for the Pier Shed. It should be 

noted that, in general, the edge piles, which have their stronger axis oriented in the 

direction of the imposed lateral loads, resist a larger proportion of the loads and thus are 

subject to a higher bending moment. The interior piles, including the cluster piles, are 

typically subject to far less bending moment than the edge piles, with the exception of 

bending moments incurred do to seismic loading. 

Table 4-6 Summary of Results for the Lateral Load Analysis of the Pier Shed 

Loading 
Applied Loadings Combination 

1 DL + LL 

3 DL + LL + C + 0.3W+ 
0.3Wa 

5 DL+ C +W+Wa 

7 DL + E 

8 DL +LL+ Ice 

9 DL + C + W+ Ice 

DL = dead load ; LL = live load ; C = current ; 
W = wind ; Wa = wave ; E = earthquake 

Minimum Required Allowable Live 
Pile Rating Load 

Severe 535 psf 

Severe 255 psf 

Severe N/A 

Moderate N/A 

Severe 100 psf 
(with a 2% 
overstress) 

Severe N/A 
(with a 2% 
overstress) 

Based on the results in Table 4-6, Load Combination 8 is the critical load 

combination and the Pier Shed has an allowable live load of 100 psf in its current 

condition. Analysis results for severe piles under the Pier Shed subject to a 100 psf 
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public assembly live load indicate that these piles are overstressed 2 percent above 

their allowable stress. The results of the analysis indicate that the design ice load, 

which is based on an 8 inch thick layer of ice, is very demanding on the pier structure 

and is the controlling load within Load Combination 8, as well as Load Combination 9. 

It should be noted that Load Combination 7, which requires piles to be in 

Moderate or better condition, is based on the current seismic code. It is unlikely that 

Pier 40 was originally designed to resist seismic loads on the order of magnitude that is 

required by the current code. Therefore, this load combination was not considered to 

be the critical load combination for this analysis. 

A seismic analysis was only performed to determine the adequacy of the existing 

steel H-piles. No other structural components supporting the pier, or its associated 

structures, were analyzed for seismic loads. 

The capacity of the steel H-piles supporting the column foundations around the 

Pier Shed was assumed to be the same as the H-piles supporting the deck. It was 

assumed that the columns for the Pier Shed transfer the Pier Shed loads directly to the 

column clusters; however, since no building column load take-down was performed, no 

further evaluation the clusters was performed. 

Table 4-7 Summary of Load Ratings for Pile Cluster Steel H-Piles 

Pile Live Load Capacity Based on Pile Rating (kips) 
Location 

Moderate Major Severe 

Pier Shed 278 kips 268 kips 167 kips 

(B) FINGER PIER EXTENSION 

The results of the structural analysis are summarized in Table 4-8. The table 

lists each loading combination, the minimum pile grade required to resist each loading 

combination, and the associated allowable live load for the Finger Pier Extension. 
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Table 4-8 Summary of Results for the Lateral Load Analysis of the Finger Pier 

Loading 
Applied Loadings Combination 

1 DL + LL 

3 DL + LL + C + 0.3W+ 
0.3Wa 

5 DL + C +W +Wa 

7 DL + E 

8 DL +LL+ Ice 

9 DL + C + W + Ice 

DL = dead load ; LL = Live Load ; C = current ; 
W = wind ; Wa = wave ; E = earthquake 

Minimum Required Allowable Live 
Pile Rating Load 

Severe 519 

Severe 419 

Severe N/A 

Moderate N/A 

Severe 0 

Moderate N/A 

Based on the results in Table 4-8, Load Combination 8 is the critical load 

combination and the Finger Pier substructure has an allowable live load of O psf in its 

current condition. The results of the analysis indicate that the design ice load, which is 

based on an 8 inch thick layer of ice, is very demanding on the pier structure and is the 

controlling load within Load Combination 8, as well as and Load Combination 9. 

It should be noted that Load Combination 7, which requires piles to be in 

Moderate or better condition, is based on the current seismic code. It is unlikely that 

Pier 40, or the Finger Pier, were originally designed to resist seismic related loads on 

the order of magnitude that is required by the current code. Therefore, this load 

combination was not considered to be the critical load combination for this analysis. 

(C) COURTYARD 

The Court Yard is assumed to resist vertical loads only (all lateral loads are 

assumed to be resisted by the Pier Shed). The Court Yard deck is set lower than the 

surrounding Pier Shed, which is beneficial when examining the load capacity of the 

Court Yard. First, lower deck elevation of the Court Yard requires a shorter exposed 

pile length. This, combined with an overall shallower mudline beneath the center of the 

pier, greatly increases the buckling capacity of the piles. Second, since the deck is set 

lower than the surrounding Pier Shed, the piles under the Court Yard are submerged for 

a greater percentage of the tide cycle, allowing the cathodic protection system to better 
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protect the piles. Considering these advantages, the piles under the Court Yard are 

generally in better condition than the piles under the Pier Shed and the Finger Pier. 

Consequently, the concrete pile caps and concrete beams under the Court Yard are the 

controlling structural elements when examining its allowable live load capacity. Since 

severe defects, such as spalling with exposed reinforcement, are randomly distributed 

throughout the Court Yard, the allowable live load capacity of a pile cap graded severe 

is assumed to govern. Based on this, the Court Yard is capable of supporting 150 psf. 
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5. CONCLUSIONS, RECOMMENDATIONS, COST ESTIMATES 

5.1 CONCLUSIONS 

In general, Pier 40 is in overall Poor condition. The allowable uniform live load 

rating for the pier has been significantly reduced from its original design live load 

capacity. Based on its current usage, the overall operational condition of Pier 40 should 

be maintained to support a minimum allowable live load rating of 100 psf for general 

assembly, for fire truck loads in all public areas, and to be able to resist all of the 

aforementioned lateral loads. 

The current vertical live load capacity of the pier is summarized in Table 5-1. 

Table 5-1 Summary of Load Ratings for Pier 40 

Structure Governing Structural Element Allowable Uniform Fire Truck 
Live Load Access 

100 psi 
Pier Shed Steel H-piles rated Severe (with a 2% No Restrictions 

overstress) 

Concrete pile cap beam with 
Court Yard exposed steel reinforcing and 150 psi No Restrictions 

Severe piles 

O psi 
(with the possibility 

of ice loading) 
Finger Pier Extension Deteriorated beams and deck Not Applicable 

100 psi 
(with no possibility 

of ice loading) 

The Pier Shed is capable of supporting a uniform live load of 100 psf in its 

existing condition and it is also capable of supporting a fire truck with a 24 kip wheel 

load and a Rescue Truck with a 26 kip wheel load. The results of the analysis indicate 

that the design ice load, which is based on an 8 inch thick layer of ice, is very 

demanding on the pier structure and is the controlling load within Load Combination 8, 

as well as Load Combination 9. 
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Earlier inspection reports had discounted ice loading conditions as being low 

probability. With the continued deterioration of the pier substructure and the severe 

winter of 2013/2014, the ice loads specified in the HRPT Design Guide have now been 

included in the load combinations, greatly reducing the allowable live loads. 

While the steel H-piles with a pile grade of Severe under the Pier Shed and are 

currently sufficient to support the current usage on the pier, the level of corrosion on the 

piles has reached a critical level. Any notable amount of additional section loss, 

especially at the tops of the piles, could possibly result in load restrictions on the pier. 

The allowable uniform live load rating for the Court Yard is 150 psf, and is 

governed by the structural capacity of the concrete pile cap beams with exposed 

reinforcing. Although the extent of deterioration on the concrete beams varies 

throughout the entire Court Yard, the structure was conservatively rated based on the 

lowest load rating determined for the analyzed structural elements. 

At the Finger Pier Extension, the steel H-piles are capable of supporting a 

uniform live load of O psf in their current condition, based upon the loading combinations 

outlined in the HRPT Design Guide. It is important to note that the allowable uniform 

live load rating of O psf is governed by the Ice Load outlined in Load Combination 8 and 

Load Combination 9. Since the controlling load is an ice load, it is recommended that 

access to the Finger Pier Extension be restricted anytime that the possibility for an ice 

load exists. When there is no possibility of ice load on the Finger Pier the allowable live 

load is 100 psf. 

The Finger Pier Extension was not analyzed for fire truck loads due to its size, 

and limited access to large vehicular traffic. It should be noted that fire truck access on 

the apron around the Pier Shed is somewhat restricted due to gated entrances and 

limited apron deck space. 

With the installation of a proper fender system, vessels similar in size to the 

Hornblower Infinity could also moor along the south and west sides of the pier, in 

addition to the currently occupied north side. Vessels significantly larger than the 

Hornblower Infinity would require additional mooring analyses to determine whether the 

piles are capable of resisting the associated lateral loads. Existing mooring line and 
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mooring hardware capacities associated with the Hornblower Infinity were not 

evaluated. 

5.2 RECOMMENDED REPAIR 

A cost effective repair plan that addresses all areas of deterioration without the 

need for future phased repair efforts (aside from routine inspections and regular 

maintenance) was developed. 

The controlling defect on the steel H-Piles is the corrosion at the tops of the piles, 

above the MHW line. An epoxy coating often obscures this corrosion, however, 

selective removal of the epoxy coaling at Level 11/111 locations has confirmed that 

corrosion of the underlying steel H-Piles exists. As this corrosion extends to the very 

tops of the piles, to just below the concrete pile cap, the integrity of the load 

transfer/bearing between the piles and the pile caps can become compromised, and the 

associated repair must reestablish these connections, as well as strengthen the 

deteriorated areas of the piles. 

Although the pile flanges were previously repaired/strengthened with C-Channels 

within the mid-pile zone, at approximately MLW, the H-piles webs were not repaired 

within this zone and are very thin. The H-pile webs should be strengthened as well. 

Therefore, it is recommended that reinforced concrete encasements, with structural 

connections to the pile caps, be installed. These encasements should extend down into 

the mudline. 

At pile locations that do not require structural repairs to maintain the 

aforementioned minimum operational capacity, it is recommended that non-structural 

encasements be installed as a preventative measure to inhibit corrosion and preserve 

the pile in its existing condition. These non-structural repairs should extend from the 

tops of the piles and into the mudline. They would effectively replace the function of a 

cathodic protection system. It is recommended that these be epoxy grout encasements. 

Since the recommended repairs are widespread, there are several obstacles to 

the swift and efficient rehabilitation of the pier. These obstacles include pier size, 

environmental obstacles, and lack of head room. Pier 40 is a large pier and repairs 

specified at the interior/middle piles will be significantly more labor intensive than repairs 
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specified along the pier perimeter. Environmental obstacles include pouring 

encasements in the winter months, which is not possible/recommended. Finally, large 

areas of the pier, especially the Court Yard, have little to no headroom during some or 

all of the tide cycle. All of these factors contribute to the difficulty associated with a 

widespread and comprehensive repair effort and cause repair costs to increase. 

5.3 RECOMMENDATIONS 

Recommendations made in this report are grouped into the following three levels 

of importance. The definition of each level of importance is taken from the New York 

City Economic Development Corporation's (NYCEDC) Waterfront Facilities 

Maintenance Management System Inspection Guidelines Manual. 

• "Immediate" actions are taken to prevent unsafe conditions and are 

intended to return structural capacity. 

• "Priority" repairs do not require immediate action, are intended to 

maintain the structure in a safe operating condition and/or prevent 

deterioration from continuing to a point where the future repairs will be 

significantly more costly. Based on general assumptions of production 

rates and construction crew size, it is expected that Priority repairs will 

take approximately 6 years to complete. 

• "Routine" actions are those to be undertaken as part of a scheduled 

maintenance program. Postponing recommended Routine Level actions 

will not compromise the structural integrity of the facility or significantly 

increase the cost to repair the structure. Based on general assumptions 

of production rates and construction crew size, it is expected that Routine 

repairs will take approximately 1.5 years to complete. 

5.3.1 Repair Description 

(A) IMMEDIATE ACTIONS 

At the Finger Pier Extension, the steel H-piles are capable of supporting a 

uniform live load of O psf in their current condition, based upon the loading combinations 

outlined in the HRPT Design Guide. It is important to note that the allowable uniform 

5-4 



live load rating of O psf is governed by the Ice Load outlined in Load Combination 8 and 

Load Combination 9. Since the controlling load is an ice load, it is recommended that 

access to the Finger Pier Extension be restricted anytime that the possibility for an ice 

load exists and that repairs to restore its structural capacity be implemented on an 

Immediate basis. 

(B) PRIORITY ACTIONS 

While the steel H-piles with a pile grade of Severe under the Pier Shed are 

currently sufficient to support the current usage on the pier, the level of corrosion on the 

piles has reached a critical level. Any notable amount of additional section loss, 

especially at the tops of the piles, could possibly result in load restrictions on the pier. 

Since the most severe corrosion is located at the tops of the piles, where nearly 25 

percent of the H-piles (830 piles) have an epoxy coating that conceals this corrosion 

from view, it is difficult to determine when each pile would reach its critical load capacity. 

For this reason, and to better ensure uninterrupted use of the facility, it is recommended 

that all steel H-piles graded Severe and Major be repaired with structural concrete 

encasements on a Priority basis. 

While Pier Shed piles graded Severe and Major are currently sufficient to support 

the current usage, non-structural encasement, which will "freeze" the pile in its existing 

condition, are not recommended. Structural encasements are recommended instead 

because these piles have little allowance for additional deterioration if the current load 

rating is required. Further, this load rating analysis is based on a Routine inspection, 

which is a general inspection intended to assess the general overall condition of the 

structure. If, in the future, a Repair Design Inspection is conducted, which is intended to 

record relevant attributes of each defect to be repaired, this additional information could 

be used to possible reduce the number of recommended structural encasements. 

The existing cathodic protection system appears to be at the end of its useful life. 

Considering the data collected, and the high cost/risk of leaving an uncoated steel 

structure in an aggressive saltwater environment, it is recommended that any pile not 

recommended for encasement on an Immediate or Priority basis and with anodes 

having 5 years or less of estimated remaining life, be encased with a non-structural 

encasement on a Priority basis. 
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(C) ROUTINE ACTIONS 

All steel H-Piles are in an active state of corrosion and are currently protected by 

a cathodic protection system that is likely at the end of its useful life. Further, this 

cathodic protection system does not protect the most aggressive zone of corrosion, the 

splash zone, located just above MHW. To keep future maintenance efforts to a 

minimum, it is recommended that all piles currently graded Moderate or Minor be 

repaired with a full-height protective encasement on a Routine basis. 

The concrete pile cap beams with exposed steel reinforcing should be repaired 

by replacing the deteriorated steel reinforcing bars, including the stirrups, which are 

typically more heavily corroded than the longitudinal reinforcing bars. After the existing 

reinforcing is cleaned and replaced, with all unsound concrete removed a minimum of 1 

in. behind the reinforcing, the beam cross section should be restored by a form and 

pour/pump concrete repair technique. It is recommended that all spalls with exposed 

reinforcement, all structural cracks, and all large cracks be repaired on a Routine basis. 

It should be noted that concrete pile cap beams with fine cracks and delaminated 

soffits are currently not recommended for repair. 

The precast prestressed deck planks with exposed prestressing strands should 

be repaired by cleaning the exposed strands and forming and pouring/pumping a 

concrete patch to protect the remaining strands. Analysis results of the precast planks 

indicate that a plank can support a uniform live load of 300 psf, and a fire truck wheel 

load assuming 60% section loss in the bottom layer of prestressing strands. 

The exposed steel reinforcing on the deck soffit at the Finger Pier Extension 

should be repaired by replacing any broken reinforcing bars and forming and 

pouring/pumping a concrete patch. 

It should be noted that delaminated concrete on the deck soffit is currently not 

recommended for repair. 
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Table 5-2 Cost Estimate for Pier 40 Recommended Repair 

Number of Piles to Repair Area Cost Estimate 

Timber of 

Fender Beam 

Repair Type Structure Non- System and 
Structural 

Structural Deck Subtotal TOTAL Encasements Replacement 
Encasements (LF) to 

Repair 
ISFI 

Pier Shed -- -- -- -- --

Court 
Immediate Yard 

-- -- -- -- --
Finger 

110 -- -- -- $3.96M Pier Ext. 

Pier Shed 1,671 676 -- -- 54.41 M 
Court 

444 $6.63M Priority Yard -- -- -- $80.6M 
Finger -- 4 -- -- $104,307 Pier Ext. 

Pier Shed 168 330 2,405 950 $13.49M 
Court 

39 500 $1.12M Routine Yard -- --
Finger -- 21 -- 280 $848k Pier Ext. 

Escalation to Mid-Point of Construction - 7.5 Year Construction Period 

Escalation to 2016 
6.09% $4.9M (2 Year Design Period) 

Escalation to 2020 
$14.9M 

(Mid-Point of 11.72% $10M 
Construction) 

Total Project Construction Cost With Escalation $95.SM 

Note: Owner's costs, not included in the base pricing, totals $9.1 M. For detailed breakdown of costs 
please refer to Appendix C. 

The strengths of this repair recommendation are that it is comprehensive and 

addresses all notable defects. The resulting repaired structure should be relatively low 

maintenance, sufficient to support the current use requirements for the foreseeable 
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future, and any unknown deficiencies that exist now will likely be discovered and 

remedied during such a widespread rehabilitation effort. 

5.3.2 Miscellaneous Repairs 

Although these repairs will not affect the structural capacity of the pier, it is 

recommended that these repairs be completed to ensure public safety. 

The concrete closure wall, between the deck planks of the Court Yard and the 

Pier Shed, has several areas of severe deterioration with through spalls/voids and large 

width cracks. It is recommended that these severe defects be repaired on a Routine 

basis to prevent access to the pier substructure from the Court Yard. 

5.3.3 Additional Investigation 

As per the American Society of Civil Engineers Underwater Inspections 

Guidelines Manual, steel pile supported structures in Poor condition that are located in 

aggressive environments should be inspected every 4 years. 

5.4 COST ESTIMATE 

The estimated cost for the recommended repair is presented in Appendix C. 

Included in the cost estimate, but not shown in Table 5-2, are typical owner costs 

estimated at approximately $9.1 million which would be expended during both the 

design and engineering phase and during construction. Owner costs include items such 

as design services, construction administration, diving and controlled inspections. The 

order-of-magnitude total for both contractor and owner costs is therefore estimated at 

approximately $104.6 million. 
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KEY PLAN 
N.T.S. 

LEGEND 
STEEL H-PILE IN MINOR OR MOOERA TE 
CONDITION 

STEEL H-PILE IN MAJOR CONDITION 

STEEL H-PILE IN SEVERE CONDITION 

STEEL H- PILE v.1TH CONCRETE BAG REPAIR 

STEEL H- PILE v.1TH CONCRETE BAG REPAIR 
RA TED SEVERE 
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RATED MAJOR 

SPALLS v.1TH REBARS EXPOSED 

AREAS v.1TH RUST STAINING DUE TO SHALLOW 
CONCRETE COVER 

LEVEL II INSPECTION LOCATION 

1. PILE CAPS AND BEAMS ARE NOT SHOWN TO SCALE 

2. SPALLS v.1THOUT REBARS EXPOSED, DELAMINA TION AND 
CRACKS ON PILE CAPS, PILE CAP BEAMS, AND DECK 
PANELS ARE NOT SHOWN UNLESS OTH[Rv.1 SE NOTED. 
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Photo B-1: Overall view of Pier 40, looking southeast. 

Photo B-2: Overall view of the Finger Pier Extension with one-story shed, looking southeast. 
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Photo B-3: View of typical Pier Shed substructure, looking north at Bent F-bar. 

Photo B-4: Typical Court Yard substructure. Note water seeping through deck planks at icicle 
location. 

B-3 



Photo B-5: View of typical Finger Pier Extension substructure, looking south at the southern 
edge beam of the pier. 

Photo B-6: View of north side of Pier 40 looking southwest. Note Hornblower vessels berthed at 
the northwest corner of the pier. 
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Photo B-7: View of north side of Pier 40 looking southeast. Note the timber fender system along 
the edge beam and additional floating fenders. 

Photo B-8: View of timber fender pile cluster located at the northwest corner of the Pier Shed. 
Note steel fender piles with full coverage coating loss. 
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Photo B-9: Typical concrete encasement at the top of a steel H-pilc in Bent F-bar (foreground) 
and typical epoxy coating at top of steel H-pile in Bent F-bar (background). 

Photo B-10: Close-up of typical concrete encasement at the top of a steel H-pile at Bent S Pile 
Row4.7. 
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Photo B-11: Typical C-channel pile repair bolted to the flanges of H-pile I-bar 9-bar, view 
looking west. Note the depleted anodes attached to each side of the H-pile. 

Photo B-12: Typical C-channel pile repair bolted to the flanges of H-pile I-bar 9-bar, view 
looking south. 
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Photo B-13: Typical condition of bolts at the C-channel repairs. Photo at H-pile location T 18.75 
in the Pier Shed. 

Photo B-14: Typical rust staining and delamination of epoxy coating at Bent Q.25, Pile Row l 6S. 
Note,corrosion of the H-pile flange has caused a large crack in the concrete pile cap. 
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Photo B-15: Typical rust staining and delamination of epoxy coating at Bent R.75, Pile Row 13-
bar. Note, corrosion of the flange has caused a large spall in the concrete pile cap. 

Photo B-16: Typical condition of the flange of a H-pile graded Minor. H-pile location at Bent S­
bar and Pile Row 19. 
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Photo B-17: Typical condition of the flange edge of a H-pile graded Minor. H-pile location at 
Bent S-bar and Pile Row 19. 

Photo B-18: Typical condition of the flange edge ofa H-pile graded Moderate. H-pile location at 
Bent T and Pile Row 21. 
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Photo B-19: Typical condition of the flange edge and flange face of a H-pile graded Major. H­
pile location is the center-west H-pile of the pile cluster at Bent L and Pile Row 19. 

Photo B-20: Typical condition of the flange edge of a H-pile graded Major. H-pile location is the 
center-west H-pile of the pile cluster at Bent L and Pile Row 19. 
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Photo B-21: Typical condition of the flange edge of a H-pile graded Severe. H-pilc location at 
Bent K-bar and Pile Row 16-bar South. 

Photo B-22: Typical condition of the flange face of a H-pile graded Severe. H-pile location at 
Bent K-bar and Pile Row 16-bar South. 
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Photo B-23: Interface between Pier Shed and Court Yard. Note the difference in exposed pile 
length. 

Photo B-24: Typical condition of concrete pile cap in the Court Yard. View looking west at Bent 
I-bar, Pile Row 9-bar. 
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Photo B-25: Typical condition of concrete beam in the Court Yard with efflorescence and light 
cracking. View looking west at Bent I-bar, between Pile Row 9 and 9-bar. 

Photo B-26: Typical condition of concrete beam in the Pier Shed with light cracking and light 
rust staining. View looking north at Bent C, between Pile Row 17 and l 7.3. 
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Photo B-27: Concrete beam in th~ Pi~r Sh~<l with a full length spall and exposed reinforcement. 
View looking west at Bent T.5 and Pile Row 8-bar. 

Photo B-28: Concrete beam in the Pier Shed with a full length spall and exposed reinforcement. 
View looking west at Bent D-bar between Pile Row 8.5 and 8-bar. 
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Photo B-29: Concrete closure wall with large vertical crack and deflection View looking north at 
Pile Row 7-bar between Bent I and I-bar. 

Photo B-30: Concrete closeure wall with large vertical crack and deflection View looking east at 
Pile Row 7-bar between Bent I and I-bar. 
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Photo B-31 : Erosion up to I in. deep and exposed reinforcing along the full height of the western 
edge beam between Pile Rows 7 and 8-bar. 

Photo B-32: Rust staining and delamination of the soffit of the first transverse beam north of 
Bent W at the Finger Pier Extension. 
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Photo B-33: Typical condition of Court Yard deck soffit with light shrinkage cracks. View 
looking west between Bent I and I-bar at Pile Row 9-bar. 

Photo B-34: Typical condition of Pier Shed deck soffi t wi th light eftloresense and light shrinkage 
cracks. Also note the spall in the deck plank with exposed strands. 
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Photo B-35: Large spall at Pier Shed deck soffit with exposed reinforcement. View looking 
north between Bents A and B at Pile Row 3. 

Photo B-36: Precast deck plank located east of Pile 9 in Bent F with multiple exposed and broken 
prestressed strands. 
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Photo B-37: Spall along the north cap of the Finger Pier Extension between Bent Zand Bent Z.2. 
View looking north. 

Photo 8-38: Spall along the deck soffi t of the Finger Pier Extension between Bent X. 7 and Bent 
Y adjacent to the north cap. View looking north. 
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Photo B-39: Fender syslem along Lhe norlh side of Lht: Pit:r. Note the two steel fender piles 
located north of the timber fender system. 

Photo B-40: Pile cluster at the north corner of the Finger Pier Extension. Note the severe damage 
at the MLW elevation and the loose wire rope wraps at the top of the cluster. 
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Photo B-41: Close-up of broken piles in the fender pile cluster at the north corner of the Finger 
Pier Extension. 
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Pier 40 - Repair Cost Estimate 
HRPT 
New York, NY 

Repair Construction Cost Estimate 

ITEM DESCRIPTION Quantity Un it 

illUiNAM4h\ 
li,hiii41MNGUht 

l'riorit~ lkpairs 

I !idfiibNIH iti ht 
Sub-Total 

General Conditions 
Mobilization 

Overhead 
Profit 

Design Contingency 
Construction Contingency 

Bonding and Insurance - Contractor to Provide 

Repair Program 

Structural Encasement Unit Cost er Linear Foot 
Non-Structural Encasement Unit Cost per Linea r Foot 

Highest Unit Rate Used for Budgetary Purposes 

Escalation to Mid Point of Construction - 7.5 Year Construction Period 

Escalations to 2016 start (2 year Design Period) 
Repair Program 

6.09% 

Repair Program Cost at Construct ion Start 
Escalat ions to 2020 Midpoint of Construction (3.75 years) 11.72% 

Total Project Costs With Escalations* 

CH2IVIHILL -
Job No.: 483869.AD.OI 

13-Mar-15 

Unit Cost 

8.0% 
8.0% 

10.0% 
10.0% 
10.0% 
10.0% 
4.3% 

Total Cost 

,um, 
dNICAil 

LilMII 
80,566,503 

Included 
Included 
Included 
Included 
Included 
Included 
Included 

80,566,501 I 
1,525 

966 

80,566,503 
4.906,500 

85,473,003 
10,0 /9,341 

95,492,344 I 
*Assumes work commences in 2 years and then proceeds for 7.5 years 
Rates Based on Expected Construction Cost Index 
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Pier 40 - Repair Cost Estimate 
IIRPT 
New York, NY 

Repair Construction Cost Estimate 

CH2 1V11-t l LL 

Job No.: 483869.AD.01 
13-Mar-15 

ITEM DESCRIPTION I Quantity I Unit I Unit Cost I Total Cost 

Owner's Costs Not Included in Base Pricing 

I Total Owner's Costs With Escalations 910951642 1 
Desig_n Costs Including_ Desig_n Survey !nsp_ections 1. 75% 1,409,914 

Client Contract Administration Costs (Including_ Escalation) 0.75% 728,726 
Construction Manager Costs (/nc/11ding Escalation) ./.00% 3,8 19,694 

Inspections - Diving and Controlled (Including Escalation) 2.50% 2,387.309 - -~ 
Sp_ecial Inspections (!nc/11ding_ Escalation) 0.93% 750,000 

I Total Cost with Escalation and Owners Costs 104,5871986 1 

Note: 
Accuracy of Estimate Should be Considered to be+/- 25% 

Markuus Included or Specified Exclusions and I or Clarifications 
General Conditions 8.0% Permitting and Regulato~ Aeerovals 
Mobil ization 8.0% Mitigation Reguirements 
Overhead 10.0% Financing or Cost of Money 
Profit 10.0% 
Design Contingency 10.0% 
Construction Contingency 10.0% 
Escalation to 2020 (Mid-Point of Construction) 16.8% 
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Pier 40 - Repair Cost Estimate 
HRPT 
New York, NY 

Repair Construction Cost Estimate 

ITEM DESCRIPTION I Quantity I 

lffl1!lllgUHl11 

lihliiNIMNGUllt 
mu; a M ii@ M, -

Structural Concrete Encasement at Steel H-Piles 3,300 

l~H!IIIIIHl!III 
IM1ttti 
Structural Concrete Encasement at Steel H-Piles 28,407 ---
Non-Structural Epoxy Grout Encasement at Steel H-Pilcs I /,492 

ldtt§li·l,I, 
Non-Structural Epoxy Grout Encasement at Steel H-Piles 6,660 

ULJ4JIMtdtJ,UM, --

Non-Structural Epoxy Grout Encasement at Steel !·I-Piles 120 

1111111111!11!111 
IM1ttti 

Structural Concrete Encasement at Steel H-Piles 2,856 - -
Non-Structura l Epoxy Grout Encasement at Steel H-Pilcs 5,6/0 

Concrete Spall Repairs - Beam and Deck 950 

ldtt§iidhi 
Non-Structural Epoxy Grout Encasement at Steel H-Piles 585 

- - -
Concrete Spall Repairs - Beam and Deck 500 

dd.4Jiffltt(J1foM1 

Non-Structural Epoxy Grout Encasement at Steel H-Piles 630 

Concrete Spall Repairs - Bea m and Deck 280 

Page 1 of 3 

Unit 

ft 

ft 
-

ft 

ft 

ft 

ft 

ft 

sqft 

ft 

sqft 

ft 

sqft 

CH2 1V1HI LL -
Job No.: 483869.AD.01 

13-Mar-15 

I Unit Cost I Total Cost 

•11~ 1!1 
-ftWYljijl 

I MDJ:t:i 
3,961,988 

!lmiMII 
~iuu!fl 

43,315,904 
11,098,528 

--\W®iil 
6,629,792 

- -ti!@nil 
104,307 

-~Ill 
-l1W3:f:I 

4,355,946 

5,417,920 

1,019,422 

-M:J:fi 
582,347 

536,538 

-;tf:!1Ui 
547,612 

-



Pier -'O - Repa ir Cost Estimate 
HRPT 
New York, NY 

Repair Construction Cost Estimate 

CH2 IVIHILL -Job No.: 483869.AD.OI 
13-Mar-15 

ITEM DESCRIPTION I Quantity I Unit I Un it Cost I Total Cost 

11 riffilfti ldffittiffiiPWt ,MM _.WQ:I 
T imber Fender System 2,405 f t 2,695,738 

Sub-Total 80,566,503 

General Conditions 8.0% Included 
Mobilization 8.0% Included 

Overhead 10.0% Included 
Pro fit 10.0% Included 

Design Contingency 10.0% Included 
Construction Contingency 10.0% Included 

Bonding and Insurance - Contractor to Prov ide 4.3% Included 

I Reeair Program 80,566,503 I 
I Structural Encasement Unit Cost per Linear Foot 1,525 
I Non-Structural Encasement Unit Cost per Linear Foot 966 

Highest Unit Rate Used/or Budgetary Purposes 

Escalat ion lo Mid Point of Const ruct ion - 7.5 Year Construction Period 
Repair Program 80,566,503 

Escalations to 2016 start (2 year Design Period) 6.09% 4,906.500 

Re1rn ir Program Cost at Construct ion Start 85,473,003 
Escalations to 2020 Midpoint of Construction (3.75 years) 11.72% 10.019,34/ 

I Total Projec t Costs With Escalations* 95,492,344 I 
* Assumes work commences in 2 yea rs and then proceeds for 7.5 years 
Rates Based on Expected Const ruc tion Cost Index 
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CH2M H I LL -Pier 40 - Repai r Cost Estimate 
HRPT 
New York, NY 

Job No.: 483869.AD.01 
13-Mar-15 

Repair Construction Cost Estimate 

ITEM DESCRIPTION I Quantity I Unit I Unit Cost I Total Cost 

Owner's Costs Not Included in Base Pricing 

I Total Owner's Costs With Escalat ions 9,095,642 1 
Desig_n Costs l ncfuding_ D esig_n Survey Jns2ections 1.75% 1,409,9 14 

Cfient Contract Administrat ion Costs (Jncfuding Escafation) 0. 75% 728,726 

--- Construction Manager Costs (Jncfuding Escafat ion) 4.00% 3,819,694 
fnspections - D iving and Comroffed (Jncfudin?. Escafat ion) 2.50% 2,387,309 - ---

Speciaf fns2ections (Jncfud ing Escafation) 0.93% 750,000 

I Total Cost with Escalation and Owners Costs 104,587,986 I 
Note: 
Accuracy of Estimate Should be Considered to be +/. 25% 

l\'larkups Included or Specified Exclusions and I or Clarificat ions 
General Conditions 8.0% Permitting and Regulatory Aeerovals 
Mobilization 8.0% Mitigation Reguirements 
Overhead 10.0% Financing or Cost of Money 
Profit 10.0% 
Design Contingenc)_' 10.0% 
Construction Contingenc)_' 10.0% 
Escalation to 2020 (Mid-Point of Construction) 16.8% 
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Pier 40 - Repair Cost Estimate 
IIRPT 
New York, NY 

Repair Construction Cost Estimate 

ITEi\-1 DESCRIPTION 

Repair Pr ram 

lmllll'tli,lll' H.ep,tits 

hi er Pier 1teftllon 

Strnctural Concrete Encasement at Steel H-Piles 
Clean Steel Piles; Remove Epoxy Coating as Needed 
Excavate at Mudline 
Encasement of Steel Piles 
Install "C" Channels Bolted to Web 
Fiberglass Formwork 
Reinforcing Steel I Wire Mesh 
Concrete Fill 
Bolts 

1'1 i111 ih Repaii s 

Pier Shod 

StructurRI Concrete Encasement at Steel H-Piles 
Clean Steel Piles; Remove Epoxy Coating as Needed 
Excavate at Mudline 
Encasement of Steel Piles 
lnsta·ll ,;C .. ChannefS sOited to Web 

F_iberglass Formwork 
Reinforcing Steel I Wire ~~s~ 
Concrete Fill 
Bolts 

N~n-St_ructural Epoxy Grout Encasement at Steel H-Piles 
Clean Steel Piles 
Encasement of Steel Piles 
Fiberglass Encasement 
Epoxy Grout Fill 

N_o11-SJ_!'uctural Epoxy Grout Encasement at Steel H-Piles 
Clean Steel Piles 
Encasement of Steel Piles 
Fiberglas_s En~a~ement 
Epoxy Grout Fill 

l.lili:ttlillfflml.l!lll n IBinll 11111 
Non-Structural Epoxy Grout Encasement Rt Steel II-Piles 
Clean Steel Piles 
Encasement of Steel Piles 
fib~rgl~ss Encasement 
Epoxy Grout Fill 

H.outme H1·11,1i1 s 

Structural Concrete Encasement Rt Steel II-Piles 
Clean Steel Piles; Remove Epoxy Coating as Needed 
Excavate at Mudline 
Encasement of Steel Piles 
Install "C" Channels Bolted to Web 
Fiberglass Formwork 

Page 1 of 4 

QuRntity 

3,300 

110 
110 

3,300 
1,100 

22,462 
22 

451 
1,100 

28,407 

1,671 
1,671 

28,407 
16,710 

193,_3§0 
191 

3,879 
16,710 

11,492 
676 

l_l,4_?? 
72,206 

1,337 

6,660 
444 

6,660 
41,846 

775 

120 
4 

120 
754 

14 

2,856 
168 
168 

2,856 
1,680 

19,440 

tTnit 

ft 
loe 
Joe 
ft 
ft 
sq n 
ton 
cuyd 
ea 

ft 
Joe 
Joe 
ft 
ft 
s_q fl 
ton 
cu yd 
ea 

ft 
ea 
ft 
sq n 
cuyd 

ft 
ea 
n 
sq ft 
cuyd 

ft 
ea 
ft 
sq_~ 
cu yd 

ft 
Joe 
Joe 
ft 
ft 
sq n 

"'1dJ CH2NIHILL 

Job No.: 483869.AD.01 
26-Feb-lS 

Unit Cost Total Cost 

M:H8#d¥i1li 

iffitti 
Ml*f:!:I 

674 2,224,388 
2,126 233,885 
1,276 140,331 

319 1,052,481 
354 389,327 
II 247,086 

1,200 26,620 
250 112,659 

20 22,000 

11111111 
M!lmm!i 

856 24,318,950 
2,126 },552,9? I 
1,276 2,131,753 

319 _9,05?,?49 
354 5,914,232 
II 2,126,963 

1,200 229,146 
250 9?9)?8~ 

20 334,200 

542 6,23~,073 
2,126 1,437,328 

319 3,665, 186 
II 794,270 

250 334,289 

lllmmli1l 
559 3,722,180 

2, 126 944,044 
319 2,124,098 
II 460,306 

250 193,732 

1111111 t'l'W 
488 58,56~ 

2,126 8,505 
319 38,272 
II 8,294 

250 3,491 

li&iiPHI 
_..1,:r1'.'l1m1 

856 2,4~S,?69 
2,126 357,206 
1,276 214,323 

319 910,875 
354 594,609 
II 213,842 



Pier 40 - Repair Cost Estimate 
HRPT 
New York, NY 

Repair Construction Cost Estimate 

ITE~I DESCRIPTIO:"J 

Reinforcing Steel I Wire Mesh 
Concrete Fill 
Bolts 

Non-Structural Epoxy Grout Encasement at Steel II-Piles 
Clean Steel Piles 
Encasement of Steel Piles 
fibergl<!_ss Encasement 
Epoxy Grout Fill 

Concrete Spall Repairs - Beam and ~eek 
Chip and Clean S_pall Areas to Sound Concrete 
_R_epla_ce_ Stee_l Re_inforcing as Needed 
Form and Pump Concrete Spall Repairs 

Truck Cqort . 

Non-Struc_t~_ral Epoxy Grout Encasement at Steel H-Piles 

Clean Steel Piles 
Encasement of Steel Piles 
Fiberglass Encasement 
Epoxy Grout Fill 

Conc_re_t! ~_l!a_ll ~~f'l_l_i_rs_ -_ B!~!" and Deck 
~hip l.l_~~ Cl_e_a!l: Spall Areas to Sound Concrete 
fleplace Steel Reinforcing as Needed 
Fonn and Pump Concrete Spall Repairs 

Fili er Pier E1t nslon " 

1".1:1~-S!!~_ct_~!:_a! Epoxy Grout Encasement at Steel H-Piles 
Clean Steel Piles 
Encasement of Steel Piles 
Fiberglass Encasement 
Epoxy Grout Fill 

(:(IRC_~et! S_pall ~ep~irs - Beam and Deck 
C::hip a_nd Clean Spall Areas to Sound Concrete 
Replace Steel Reinforcing as N_eeded 
Form and Pump Concrete Spall Repairs 

Tiin r eae s ,.,_,.,. 

T~mber Fender System 
Timber Piles - Installation 
Timber Wale Fender Rail - 10" x 10" 

Timber Chocks 

Anchor ~l)_d Th_~o~gh Bolts 
Timber Piles· Material 
Timber Wale and Fender 10" x 10" - Material 
Timber Chock Material 

Page 2 of4 

Quantity Unit 

20 too 
390 <:~ yd 

1,680 ea 

5,610 fl 
330 ea 

_5,610 ft 
35,249 sq ft 

653 cu yd 

950 sqft 
950 sq ft 
950 sq ft 
950 sq ft 

585 fl 
39 ea 

585 ft 
3,676 sq ft 

68 Cl! yd 

500 sq/I 
500 _sq ft 
500 sq ft 
500 sq ft 

630 fl 
21 ea 

630 ft 
3,9~~ sq ft 

73 cu yd 

280 sq_ fl 
280 sq ft 
280 sq ft 
280 sq ft 

2,405 fl 
302 ea 

4,810 ft 
604 ea 

1,812 ea 
302 ea 

3,340 bd ft 
419 bd ft 

Sub-Total 

General Conditions 
Mobilization 

Overhead 
Profit 

Design Contingency 
Construction Contingency 

'-,) CIH2NII-IILL 

Job No.: 483869.AD.OI 
26-Feb-15 

Unit Cost Total Cost 

1,200 
250 

20 

542 
2, 126 

319 
II 

250 

602 
159 
107 
336 

559 
2,126 

319 
II 

250 

602 
159 
107 
336 

23,614 
97,501 
33,600 

3,041,796 
701,654 

1,789,218 
387,735 
163,188 

572,336 
151,494 
101,706 
319,137 

326,948 
82,923 

l 86,576 

40,43~ 
17,017 

3Q!,~~o 
79,733 
53,529 

167,967 

~ 

488 307,447 

2,126 44,651 

319 200,928 
II 43,54~ 

250 18,326 

602 168,689 

159 44,651 
107 29,976 
336 94,061 

lm:K!i!mll 
629 1,513,474 

!,566 472,859 
69.27 333,205 

418 252,191 
25.00 45,300 

1,320 398,640 
3.00 10,021 
3.00 1,258 

45,232,642 

8.0o/o 3,618,611 
8.0% 3,908, l 00 

10.0% 5,275,935 

10.0% 5,803,529 

10.0% 6,383,882 

10.0% 7,022,270 



Pier 40 - Repair Cost EstimRte 
HRPT 
New York, NY 

Repair Construction Cost Estim11te 

\,J CH2NIHILL 

Job No.: 483869.AD.OI 
26-Feb-15 

ITEf\.·I DESCRIPTION I Quantity I Unit I Unit Cost I Total Cost 

Bonding and Insurance - Contractor to Provide 4.3% 3321534 

I Re12air Program so,566,503 I 
-- ----- -------------- -- --- - ----------------- -----, 

·---~-!rudural Encasement Unit Cost per Linear Foot 1,525 
-~~n-Structural Encasement_Unit Cost per Linear Foot __ 966 

- - -----

Highest Unit R(l/e Used for Budge/(lry Purposes 

EscalRtion to ~lid Point of Construction - 7.5 Year Construction Period 
Repair Program 80,566,503 

Escalations to 2016 start (2 year Design Period) 6.09o/o 4,906,500 

Repair Program Cost at Construction Stert 85,473,003 

Escalations to 2020 Midpoint of Construction (3.75 years) l l.72% 10,019,34/ 

I Total Project Costs With Escalations* 95,492,344 I 
*Assumes work commences iu 2 years aud then proceeds for 7.5 years 
Rates Based on Expected Construction Cost Index 

Owner's Costs Not Included in Base Pricing 

I Total Owner's Costs \Vith Escalations 9,095,6421 
Desisn Costs Including Design Survey Inspections 1.75% 1.409,914 

Client Contract Administration Costs (lnc/udjng Escq~a_~ion) 0.75% 7~8,7}6 
Construction 1\.Janager _c;_f!_s_!s__ (!nc_l!1ding E;_scalation) -1.00% 3,819,694 

Inspections - Di\'i'}g a_ncj (ot71_!_o_lfed (lncl11ding Escalation) 2.50% 2,387,309 
Special Inspections (lncl11ding Escalation) 0.93% 750,000 

Total Cost with Escalation and Owners Costs 104,587,9861 

Page 3 of 4 



Pier 40 - Repair Cost Estimate 
HRPT 
New York, NY 

I.J CD-12N1HILL 

Job No.: 483869.AD.OI 
26-•'eb-15 

Repair Construction Cost Estimate 

ITEI\1 DESCRIPTION 

Note: 
Accuracy of Estimate Shoultl be Consitleretl to be+/- 25% 

1\larkups Included or Specified 
General Conditions 
Mobilization 
Overhead 

8.0% 

~.0% 
10.0o/o 

Profit 10.0% 
Design Co~tingency 10.0°;0 

Construction Contingency 10.0% 
Escalation to 2020 (Mid-Point of Construction 16.8% 

Page 4 of 4 

1 Quantity I Unit J Unit Cost J Total Cost 

Exclusions and I or Clarifications 
Permitting and Regulatory Approvals 
Mitigation Requirements 
Financing or Cost of Money 



Pier 40 - Repair Cost Estimate 
HRl'T 
New Yori., NY 

Repair Construction Cost - Detailed Breakdown 

Structural Concrete Encasement at Steel H-Piles - Immediate Repair, Finger Pier Extension 

ITEM DESCRIPTION 

Structural Concrete Encasement at Steel H-Piles 
Clean Steel Piles: Remove Epoxy Coating as Needed 
Excavate at Mudline 
Encasement of Steel Piles 
Install "C" Channels Bolted to Web 
Fibeq;lass Fonnworl,, 
Reinforcing Steel I Wire Mesh 
Concrete Fill 
Bolts 

\l.1ten,1I ( o,t B.1si, 
"C" Channels Bolted to Web 
Fiberglass Fonnwork 
Reinforcing Steel I Wire Mesh 
Concrete Fill 
Bolts 

Quantity Unit 
Material Llnitl Total Material 

Cost Cost 
Labor Unit 

Cost 

3,3()().(J() ft 135 446,864 4(Jlf 

110.00 
110.00 

3.300.00 
!, 100.00 

22,462.39 
22.18 

450.63 
!, 100.00 

$ 35 ft 
i_ ___ l_l_ "',, 
_s_· _ __l,l!}!!___ ton 

$ 250 cuyd 
_$ ___ 20 ea 

loc 

'" fi 

• 35.00 -- 38,500 
sq ft 11 00 -- __ 217_,086 

'°" l,200.00 ----~-2_~.620 
cu yd 250.00 ) 12,659 

" 20.00 22,000 _ 

Published Info. Qoutes and Previous Bid Information 
Published Info, Qoules and Previous Bid Information 
Published Info, Qoutes and Previous Bid Information 
Published Info. Qoutes and Previous Bid Information 
Published Info. Qoutes and Previous Bid Information 

1.612.04 
967.22 
241.81 
241.81 

Total Labor 
Cost 

1,347,665 

177,324 
106.395 
797.960 

~~ 

Equipment 
Unit Cost 

130 
514.18 
308.51 

77. !3 
77.13 

Total Equipment 
Cost 

419,858 

---~~.J~ 
33,93_(> 

254,521 

---~840 

Sub-Tot.al 

General Conditions 
Mobili1..ation 

Overhead 
Profit 

Construction Contingency 
Desi!,,'ll Contingency 

Bonding and lnsuraJJce 

Structural Concrete Encasement at Steel H-Piles 
Tota.I Unit CO!lt Per Foot 

Labor & Equipment Cost aod Productivity Per Task -Structural Concrete Encasement- Immediate Repair, Finger Pier Extension 

Dive Crew Cost Per Shift: Labor and Equipment 
Hours Per Shift 

Work Task 

Clean Steel Piles: Remove Epoxy Coating as Needed 
Excavate at Mudline 
Encasement of Steel Piles 
Install "C" Channels Bolted to Web 

TuttJI Lobor Co.~t Per StructurtJI EnctJsement 
TmtJJ Equipment ('t,~·t Per Structurul £n£·o.\·ement 

Total Labor and Equipment Cost 

$ 

Quantity 

l 10.00 loc 
l 10.00 loc 

3.300.00 • 
1,100.00 • 

' 
' 
s 

12,757 

8.00 

Production Labor CO!lt 
Unit Per Day Per Shift 

6.0 9,672 
10.0 9,672 
40.0 9,672 
4-0.0 9,672 

1,347,66.<i 

419,858 

1,777,524 

Total Man 
Equip. Cost No. of Shifts Hours Per Unit Labor Unit Equipment 
Per Shift Per Task Task Cost Per Task Cost Per Task 

3,085 18.33 146.67 1,612 514 

3,085 11.00 88.00 967 309 

3,085 82.50 660.00 242 77 
3,085 27.50 220.00 242 77 

139.33 1,114.67 

- C .... ZIVIHILL 

Job No.; 483869.AD.Ol 
26-Feb-15 

Unit Cost Total Cost 

674 2,224,388 
2, 126.22 ---- - """233,885 

1.275. 73 140,331 
318.93 1,052,481 
353.93 389.327 

11.00 247.086 
1.200.00 26.620 

250.00 112.659 
20.00 _2;~_Q_ 

2,224,388 

8.0"/o 177.951 
8.0"/o 192.187 

10.0"/o 259,453 

10.0"/o 285,398 

10.0"/o 313,938 
10.0"/o 345,331 

4.3% 163 342 

$ 3,961,988 

' 1,1(11 

Total 
Total Labor Equipment 

Cost Per Task Cost Per Task 

177,324 56.560 
106,395 33,936 
797,960 254521 
265,987 84,840 

1,347,665 429.,858 





Pier 40 - Repair Cost Estimate 
HRPT 
New York. NY 

Repair Construction Cost - Detailed Breakdown 

Non-Structural Concrete Encasement at Steel H-Piles - Priority Repair, Pier Shed 

ITEM DESCRIPTION Quantity Unit 

11,492 ft 
676 " 

Material 
Unit Cost 

98 

Total Mareriall Labor Unit 
Cost Cost 

1,128,559 337 
1,612.04 

------

Total Labor 
Cost 

3,868,57_4 
1,089,739 .. 

Equipment I Total 
Unit Cost Equipment Cost 

107 1,23_3_,_940 
514.18 347 589 

Non-Strucrund Grout Encasement at Steel H-Piles 
Clean Steel Piles 
Encasement of Steel Piles Including Excavation 
Fiberglass Encasement with Wire Mesh 
Concrete Grout Fill 

11,492 fl 241.81 __ 2_,_711~ 77.13 --- 886,351 

\l,1h.'11.1I ( o,t B.1,is 

Fiberglass Encasement with Wire Mesh 
Concrete Grout Fill 

S l 1.00 
S _ 250.0_0 

sq ft 
cu yd 

72.206 
1,337 

sq ft 11.00 794,270 

cu yd 250.00 334,289 

Published Info, Qoutes and Previous Bid lnfonnation 
Published Info, Qoutes and Previous Bid [nfonnation 

Labor & Equipment Cost and Productivity Per Task - Non-Structural Encasement - Prio1ity Repair, Pier Shed 

Dive Crew Cost Per Shift: Labor and Equipment 

Hours Per Shift 

Work Task 

Clean Steel Piles 
Encasement of Steel Piles Including Excavation 

Total labor Cost Per Non-Struclllral Encasement 
Total Equipment Cost Per Non-Structural Encasement 

Total Labor .and Equipment Cost 

Quantity 

676 
I l,492 

$ 12,757 
8.00 

Unit 

" ft 

s 3,868,574 

$ 1,233,940 

$ 5,102,514 

Production Labor Cost Equip. Cost No. of Shifts 

Per Day Per Shift Per Shift Per Task 

6.0 9.672 3,085 112.67 

4-0.0 9,672 3,085 287.30 
399.97 

Sub-Total 

General Conditions 
Mobilization 

Overhead 
Profit 

Construct1on Contingency 
Desi1,'ll Contingency 

Bonding and Insurance 

Non-Structural Grout Encasement at Steel H-Piles 
Total Unit Cost Per Foot 

Total Man 
Hours Per Unit Labor Unit Equipment 

Task Cost Per Task Cost Per Task 

901.33 1,612 514 
2,298.40 242 77 
3,199.73 

- 'l.; .... a.,:nnHLLL 

Job No.: 483869.AD.01 
26-Feb-15 

Unit Cost Total Cost 

542 ~.231._~73 
2,126_.22 I 437,328 

318.93 3,665,186 
I l.00 794,270 

250.00 __ ____l1!,289 

6,231,073 

8.0°/o 498,486 
8.0°/o 538,365 

10.0°/o 726.792 
10.0% 799,472 

10.0% 879,-!119 
10.0% 967,361 
4.3% 457 562 

$ 11,098,528 

s 966 

Total Labor TO ta I 
Cost Per Equipment 

Task Cost Per Task 

1.089,739 347 ,588.80 
2,778,835 886,351.44 

3,868,574 1,233,940 





Pier 40 - Repair Cost Estimate 
HRPT 
New York, NY 

Repair Construction Cost - Detailed Breakdown 

Concrete Spall Repairs - Beam and Under Deck~ Routine Repair, Pier Shed 

ITEM DESCRIPTION 

Conc:rete Spall Repairs - Beam and Deck 
Chip and Clean Spall Areas to Sound Concrete 
Replace Steel Reinforcing as Needed 
Fonn and Pump Concrete Spall Repair:; 

\l.1tcn.il ( ost B,1,1s 
Replace Steel Reinforcing as Needed 
Fann and Pump Concrete Spall Repairs 

! 
_$ __ 

Quantity Unit 
Material 

Unit Cost 
Total Material! Labor Unit 

Cost Cost 

5.00 sq ft 
17.00 sq ft 

950 sqft 
950 sq ft 
950 sq fl 
950 sq ft 

22 20,9_00 

5.00 ---4,750 
17.00 16,.!1Q__ 

Published !nfo, Qoutes and Previous Bid lnfonnation 
Published Info, Qoutes and Previous Bid lnfonnation 

440 
120.90 
77.38 

241.81 

Labor & Equipment Cost and Productivity Per Task - Concrete Spall Repair 

Dive Crew Cost Per Shift: Labor and Equipment 
Hours Per Shift 

Work Task 

Chip and Clean Spa!! Areas to Sound Concrete 
Replace Steel Reinforcing as Needed 
Fonn and Pump Concrete Spall Repatrs 

Total Labor Cost Per Spall Repair 
Total Equipment Cost Per Spall Repair 

Total Labor and Equipment Cost 

Quantity I 

950.00 
950.00 
950.00 

$ 12,757 
8.00 

Unit 

sq ft 
sq ft 
sq ft 

' 418,083 

s 133,354 

$ 551,436 

Production Labor Cost Equip. Cost No. of Shifts 

I Per Day Per Shift Per Shift Per Task 

80.0 9,672 3,085 11.88 
125.0 9.672 3,085 7.60 
40.0 9.672 3,085 23.75 ---

43.23 

Total Labor 
Cost 

41_8!'!__83 

___ 11~~ 
- _ ____lliQ2_ 

22_9_,J_l6 

Equipment I Total 
Unit Cost Equipment Cost 

140 133,354 

38.56 ·- 36,636 
24.68 ____ 23_,:!Q_ 
77.13 _ _]]_)71 

Sub-Total 

General Conditions 
Mobilization 

Overhead 
Profit 

Constmction Contingency 
Design Contingency 

Bonding and Insurance 

Concrete Spall Repairs - Beam and Dec:k 
Total Unit Cost Per Square Foot 

Total Man 
Hours Per Unit Labor Unit Equipment 

Task Cost Per Task Cost Per Task 

95.00 121 39 
60.80 77 25 

]90.00 242 77 
345.80 

- !L;lt"'l;:.,:IVIHILL 

Job No.: 483869.AD.01 
26-Feb-lS 

Unit Cost Total Cost 

602 572,336 
159.47 - -151.4-9<i" 

107.06 101 706 
335.93 --~).37 __ 

572,336 

8.0% 45.787 
8.0o/o 49.450 

10.0°/o 66.757 
10.0% 73,433 
10.0% 80,776 
l0.0% 88,854 
4.3% 42 028 

$ 1,019,422 

' 1,073 

Total Labor Total 
Cost Per Equipment 

Task Cost Per Task 

114,858 36,635.65 
73,509 23,446.82 

229,716 73,271.3 l 
418,083 133,354 





Pier 40 - Repair Cost Estimate 
HRPT 
N- York, NY 

Timber fender System - Sample Cost Work-Up 

ITEM DESCRIPTIOl'i 

Timber Fender System 
Timber Piles - Installation 
Timber Wale Fender Rail - 10" x 10" 
Timber Chocks 
Anchor and Throu~ Bolts 
Timber Piles - Material; 8' 0.C. 
Timber Wale and Fender 10" x 10" - Material 
Timber ('hock Material 

\Liten.11 ( o,t B,l"' 
Anchor and Throu~ Bolts 
Timber Piles - Material: 8' O.C 
Timber Wale and Fender ]Ott x !Off - Material 
Timber Chock Material 

I 

$ 25.00 
s 1,320,00 
$ 3.00 
$ _ 3.00 

Repair Construction Cost - Detailed Breakdown 

Quantity I 
2,4()5 

302 
4,810 

604 

1.812 
302 

3,340 
419 

sq ft 
sq ft 
sq ft 
sq ft 

Unit 
Material Unitl Total Material 

Cost Cost 
Labor Unit 

c~, 

ft ,,, 4.'i.'i,219 255.()0 

" 907.37 

ft 40. !4 

" 241.97 

" 25.00 45,300 

" 
1,320.00 ___ __12!,640 

bd ft 3.00 IQ,Qll_ 
bd ft 3.00 1.2~_ 

Published Info. Qoutes and Previous Bid Information 
Published Info, Qoutes and Previous Bid Information 
Published Info. Qoutes and Previous Bid lnfomiation 
Published Info. Qoutes and PreV1ous Bid Information 

Labor & Equipment Cost and Productivity Per Task - Timber fender System 

Pile Crew: Labor and Equipment 
Hours Per Shift 

Work Task 

Timber Piles - Installation 
Timber Wale Fender Rail - JO" x 10" 
Timber Chocks 

TtJtaf l,abt1r Cv.,·t Per 24(}5' Timber Fender Sy.,·tem 

TtJtal Eq11.ipment Cust Per 24fl.'i' Timber Fender .\'y.~tem 

Total Labor and Equipment Cost 

Qua~ I 

302.00 
4.8!0.00 

604.00 

$ 12,526 
8.00 

--
Unit 

" ft 

" 

' 613,268 

$ 444,987 

$ l,OS8.,2SS 

Production Labor Cost Equip. Cost No. of Shifts 

Per Day Per Shift Per Shift Per Ta5k 

8 7,259 5.267 37.75 

181 7,259 5.267 26.60 

30 7,259 5.267 20.13 
84.48 

Total Labor 
c~, 

6_13,268 
274,026 
193,095 
146,147 

---· ---

Total Man 
Hours Per 

Task 

302.00 
212.81 
161.07 
675.87 

Equipment 
Unit Cost 

18.'i 

658.39 
29.13 

175.57 

Total Equipment 
Cost 

444,987 

198.833 
__ 140.110 

_106,044 

Sul>. Total 

General Conditions 
Mobilization 

Overhead 
Profit 

Construction Contingency 
Design Contingency 

Bonding and Insurance 

Timber Fender System 
Total Unit Cost Per Foot 

Unit Labor Llnit Equipment 
Cost Per Task Cost Per Task 

907 6'8 
40 29 

242 176 

~ ~11;.:hllHILL 

Job No.: 483869.AD.Ol 
26-Feb-lS 

Unit Cost Total Cost 

629 l,SIJ,474 
1,565.76 472,859 

69.27 333,205 
417.54 252,191 

25.00 45.300 
1,320.00 398,640 

3.00 10,021 
3.00 _____ !~8 

l,S13,474 

8.0"/o 121.078 
8.0"/o 130.764 

10.0"/o 176,532 

10.0"/o 194,185 

10.0% 213,603 
10.0% 234,964 
4.3% 111 !38 

$ 2,695,738 

' 1,121 

Total 
Total Labor Equipment 

Cost Per Task Cost Per Task 

274,026 198.833.08 
193,095 140.109.91 
146,147 106,044.31 
613,268 444,987 





Pier 40 - Repair Cost Estimate 
HRPT 
New York, NY 

,.C .... LaborWork-Up 

Trade Position 

Foreman 
Heavy Equip Operator (Crane, Excavator, Driver) 
Dockbuilder Or Ski!Ied Tradesman 
Unskilled Laborer 

Total Crew 
Total Labor Cost Per Shift 
Shift Period 
Total Labor Man Hours Per Shift 

Pile.Crew Equipment 

250 Ft X 76 Ft Deck Barge 
180 Ft X 35 Ft Deck Barge 
Linkbelt Ls-278 (250 Ton) Crawler Crane 
25 Ton Crane 
90 T Vibratory Hammer 
60 Kw Generator 
400 Amp Welder 
375 Cfm Compressor 
Stage Float 

Total Equipment Cost Per Shift 

Number of 
Persons 

Unit Labor 
Rat< 

' 

I S 108.-13 
2 S 110.99 
4 S 103.99 
2 S 80.50 

----

9 Workers 
7,259 

8.00 Hours 
72.00 Hours 

Number of Cost Per 
Pieces Hour 

1.00 $ 178.85 
1.00 $ 28.85 
1.00 $ 250.25 
1.00 $ 73.75 
1.00 $ 70.61 
1.00 $ 13.73 
LOO $ 9.23 
I.DO $ 17.12 

Labor Crew and Equipment 

Shift Hours 

8.00 
8.00 
8.00 

___ s_,g_o_ 

Shift Length, 
Hours 

8.00 $ 
8.00 $ 

8.00 $ 

8.00 $ 

8.00 $ 

8.00 $ 

8.00 $ 

8.00 $ 

Cost Per 
Shift 

867.44 
1,775.84 
3,327.68 
1,288.00 

Cost Per 
Shift 

1,430.77 
230.77 

2,001.97 
590.03 
564.89 
109.85 
73.85 

136.98 

Labor Cost Basis 

Local Union Conrracts and Received Bid and Billing 
Local Union Conrracts and Received Bid and Billing 
Local Union Conrracts and Received Bid and Bil!ing 
Local Union Conrracts and Received Bid and Billing 

Equipment Basis 

Based on Blue Book look up and local_contractor bids and billing 
Based on Blue Book look up and local e-0nrraccor bids and billing 
Based on Blue Book look up and local contractor bids and billing 
Based on Blue Book look up and local contractor bids and billing 
Based on Blue Book look np and local contractor bids and billing 
Based on Blue Book look up and local contractor bids and billing 
Based on Blue Book look up and local contractor bids and billing 
Based on Blue Book look up and local contractor bids and billing 

2.00 t ____ 16.00 --- .~ 
$ 128.00 Based on Blue Book look up and local contractor bids and billing 

$ 5,267 

- 9,; ... ZIVIHIL 

Job No.: 483869.AD.OJ 
26-Feb-15 





Pier 40 - Repair Cost Estimate 
HRl'T 
,'iew York, NY 

Quantity Breakdown 

2014 Heporl 

Re air Scenario 'A' 

Fio2rr J>ttr Extension ' 

Structural Concrete Encasement at Steel H-Piles 

1'11m11, R,prn, 

Pitt Shed 

Number ofLocaLions 
Total Repair Lengths 

Length of F.ach Encasement 

Steel H-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Install Vertical Reinforcing Steel Bars 
Length per Encasement 

WeightofBar,#ti 
Weight of Vertical Bar per Encasement 

Reinforcing Spiral Spacing 
Nwnber of Reinforcing Spirals per Encasement 

Circumference of Each Reinforcing Spiral 
Length of Reinforcing Loops per Encasement 

Weight of Bu, #4 
Weight of Reinforcing Spirals per E11CBSement 

Reinforcing Steel per Encasement 
Volume of Fill per Enca,ement 

IrmaU "C" ChaMel Bolted to Web/ Length per Encasement 
Bolt Spacing 

Number of Bolts per Enca5ffllent 

Fiberglass Formwort 
Reinrorcing Steel I Wire Mesh 

Concrete Fill 

&e&vlll.e at Mudline 
Clean Steel Piles; Remove Epoxy Coating u Needed 

Encasement of Steel Piles 
Install "C" Channels Bolted to WOO 

Bolts 

Structural Concrete Encasement al Steel H-Piles 

Number of Locations 
Total Repair Lengths 

Length of Each Encasement 

Steel H-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Install Vertical Reinforcing Steel Bars 
Length per Encasement 

Weight ofBar, #6 
Weight of Vertical Bar per Encasement 

Reinforcing Spiral Spacing 
Number of Reinforcing Spirals per Encasement 

Circumference of Each Reinforcing Spiral 
Length of Reinforcing Loops per Encasement 

Weight ofBar, #4 
Weight of Reinforcing Spirals per Encasement 

Reinforcing Steel per Encasement 
Volume of Fill per Encasement 

Install "C" Channel Bolted to Web/ Leng1h per Encasement 
Bolt Spacing 

Number of Bolts per Encasement 

Fiberglass Formwork 
Reinforcing Steel I Wire Mesh 

Concrete Fill 

E~cavate at ~ludline 
Clean Steel Piles, Remove Epoxy Coating as Needed 

Encasement of Steel Piles 
Install "C" Channels Bolted to Web 

110.00 
3,300.00 

30.00 

14' x 14" 

2.17 

204.20 

8.00 
240.00 

I.SO 
360.48 

LOO 
30.00 

2.14 
64.14 

0.67 
42.85 

0.20 
110.61 

10.00 
LOO 

10.00 

22,462.39 
22.18 

451 

110.00 
110.00 

3,300.00 
1,100.00 
1,100.00 

1,671 00 
28,407 00 

17.00 

14" x 14'' 

217 

! 15.72 

8 00 
136.00 

l so 
204 27 

[00 

17.00 
214 

36.35 
0 67 

24.28 

0.11 
62 68 

10.00 
l 00 

10 00 

193,360 32 
190.95 
3,879 

1,671.00 
l,671 00 

28,407 00 
16,710 00 

'" ft 
ft 

ft 
ft 

". 
" ft 
••ft 
lb, 
ft 

" ft 
ft 
••ft 

•• 
"" ruft 

ft 
ft 

" 
oqft 

"" ruyd 

'" 
'" ft 
ft 
~ 

loc 
fl 
fl 

fl 
ft 

"fl 

" fl 
lbs.If\ 
lbs 
fl 

" fl 
ft 
!bs.lft 
lbs 

"" rnft 

fl 
fl 

" 
oqfl 

'"" cu yd 

loc 
loc 
fl 
fl 

"'t_ Cl-­

Job No.: 48 

aean Steel Pile!; Remove Epoxy Cu.tinp; as Needed 110 
Excavate II Mudline 

Encasemeut or Steel Piles 
Install "C" Channels Bolted to Web 

Fiberx(a,s Formwork 
Relnrorcing Steel I Wire Mesh 

Concrete Fill 
Bolts 

Install Encasement· IS.S ft Each 

no 
3'00 
1,100 

22,462 

" 4'l 
1,100 

110.00 

Clean Steel Piles; Remo,·e Epo1y CoatinR as Needed 1,671 
Excavate al Mudline 

Fiberi;:lass Formwork 
ReinfortinR Steel I Wire Mnh 

1,671 

193,360 

191 
Concrete Fill 3,879 

Encasement of Steel Piles 
Install "C" Channels Bolted to Web 

Bolts 
Install Encasement - I S.S ft Each 

28,407 

16,710 
16,710 

1,671.00 



Pier 40 - Repair Cost Estimate 
IIRPT 
New York, NY 

Quantity Breakdown 

Bolts 

No!_l_-Structural Epol}' Gro_ut Encasement_ at St!~ H-Piles __ _ 

TruckDlurt 

Number of Encasements 
Length of Each Encasement 

Towl Length of Encasements 

Steel H-Pile Size 
Diameter of Encasement 

Area of Fiberg1au per Encasement 

Volume of Fill per Encasement 

Fiberglass Encasement 
Epoxy Grout Fill 
Clean Steel Piles 

Encasement of Steel Piles 

Non-Structural Epo~y (;rout Encasernent_at Steel II-Piles 

Fin,;er Pier Extelllion 

Number of Encasements 
Length of Ea.ch Encasement 

Total Length ofEncasements 

Stee! H-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encuement 

Volume of Fill per Encasement 

Fiberglass Encasement 
Epoxy Grout Fill 
Clean Steel Piles 

Encasement ofSteel Piles 

Non-Structu~al Epox}' Grout Enca~e!_lte_nt at Steel H-Piles 

Rou(IIIC nq, 111, 

Number of Encasements 
Length of Each Encasement 

Total Length of Encasements 

Steel II-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Volume of Fill per Encasement 

Fiberglass Encasement 
Epoxy Grout Fill 
Clean Steel Piles 

Encasement ofSteel Piles 

Structural Concrete Encasement Al Steel H-Piles 

Number of Locations 
Total Repair Lengths 

Length of Each Encasement 

Steel H-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Install Vertical Reinforcing Steel BElfs 
Length per Encasement 

Weight ofBar, #6 

Weight ofVenical Bar per Encasement 
Reinforcing Spiral Spacing 

Number of Reinforcing Spirals per Encasement 
Circt1mference of Each Reinforcing Spiral 

Length of Reinforcing Loops per Encasement 
Weight ofBilf, #4 

Weight of Reinforcing Spirals per Encasement 

Reillforcing Steel per Encasement 

16,7[0 00 

676.00 
17.00 

11,492.00 

14" x 14' 
2.00 

106.81 

53.41 

72,206.37 
1,337 

676.00 
11.492.00 

444 00 
15 00 

6,660 00 

14" x 14" 
2.00 

94.25 

47.12 

41,84601 
775 

444 00 
6,660.00 

4 00 
30 00 

120 00 

14"' x 14" 
2 00 

188 50 

94 25 

753 98 
14 

4.00 
120 00 

168 00 
l7.00 

2,856 00 

14"' ~ 14" 
2 17 

19,440 18 

8 00 
136.00 

I 50 
204 27 

I 00 
21.00 

2 14 
44 90 

067 
29 99 

0 12 

'" 

'" • • 
• • .,. 
ru• 
,q. 
'"yd 

'" • 

'" fl 
fl 

• 
,q' 

'". 
"' Cll yd 

'" 

'" 
' \\ 
• • 
,q' 

cu n 

,q' 
cu yd 

" fl 

lo, 
fl 
fl 

\\ 

' 
,q' 
" fl 
1bs1n 
lbs 
fl 

" fl 

• 
lbsifl 
lbs 

\00 

Clean Steel Pilea 
Enasement or Steel Piles 

FiberlillaH Encuernent 
Epo1y Grout Fill 

Ent1sernent of Steel Pilt11 

Clean Steel Piles 

~ Ct­

Job No.: 48 

676,00 
11,492.00 
72,106.37 

1,337.15 
676.00 

444.00 
Fiberi;i:lass Encasement 41,846.01 

Epox}' Grout Fill 774.93 
Encasement of Steel Piles 6,660.00 
Enraseml'nt or Steel Piles 444.00 

Clean Steel Piles 4.C. 
Fiberglass Encasement 

Epoxy Grout Fill 
Encasement of Steel Piles 

753.98 
13.96 

120.00 
Encasement of Steel Piles 4.00 

Clean Steel Piles; Remove Epoxy Coatini;i: as Needed 
Excavate at Mudline 
Fiberglass Formwork 

Reinforcing Steel I Wire Mesh 

168 
168 

19,440 
20 

Concrete Fill 390 
Encasement of Steel Piles 

Install "C" Channels Bolted to \Veb 
Bolts 

Install Encasement - l.!i.S ft Each 

2,856 
1,680 
1,680 

168.00 



Pier 40 - Repair Cost Estimate 
ffRPT 
New York, :"lY 

Quantity Breakdown 

Volume of Fi!! per Encasement 

Install "C" Channel Bolted to Web/ Length per Encasemem 

Bolt Spacing 
Number of Bolts per Encasement 

Fiberglass Formwork 
Reinforcing Steel I Wire Mesh 

Concrete Fill 

Excavate at Mudline 
Clean Steel Piles, Remove Epoxy Coating as Needed 

Encasement of Steel Piles 
Install "C" Channels Bolted to Web 

Dolts 

Non·Structurnl Epoxy Grout Enusement at Steel ff-Piles 

Concrete Spall Repair, - Beam and Deck 

Number of Encasements 
Length of Each Encasement 

Total Length of Encasements 

Steel ff-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Volume ofFill per Encasement 

Fiberglass Encasement 
Epoxy Grout Fill 
Clean Steel Piles 

Encasement of Steel Piles 

Chip and Clean Spall Area, to Sound Concrete 
Rep!&ee Steel Reinforcing as Needed 

Fonn wxl Pump Concrete Spall Repairs 

Non-~tructural Epoxy Grout Encasement at Steel ff-Piles 

Number of Encasements 
Length of Each Encasement 

Total Length of Encasements 

Steel H-P1le Sile 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Volume of Fill per Encasement 

~iberg\ass Encasement 
Epo:s.y Grout Fill 
Clean Steel Piles 

Encasement of Steel Piles 

Concrete Spall Repairs - Beam and Deck 

Chip and Clean Spall Areas to Sound Concrete 
Replace Steel Reinforcing as Needed 

Form and Pump Concrete Spall Repairs 

No!]_-Sl!~-~!ura) Epo_xy (;_r~ut .Encasement at Steel II-Piles 

Concrete Spall Repairs - Beam and Deck 

Number of Encasements 
Length of Each Encasement 

Total Length of Encasements 

Steel ff-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Volume of Fill per Encasement 

Fiberglass Encasement 
Epoxy Grout Fill 
Clean Steel Piles 

Encasement of Steel Piles 

62 68 '"" 
lO 00 ft 
1.00 ft 

10 00 " 
19,440 18 ~, 

19 68 rn, 
390 Cl! yd 

168 00 loo 
168.00 loo 

17 00 ft 
1,680.00 ft 
1,680.00 " 

33000 " 17 00 ft 
5,610.00 ft 

14" x 14'' ft 
2.00 ft 

!06 81 ~ft 

53.41 '"ft 

35,248 67 ~ft 
653 cu yd 

330 00 " 5,6 lO 00 " 
950.00 sqfl 
950.00 sq fl 
950.00 sq fl 

39 00 " 15 00 ft 
585 00 ft 

14" x 14" ft 
2 00 

94.25 ~ft 

47 12 '"" 
3,675.66 ~ft 

68 cu yd 
39 00 " 585 00 ft 

500 00 ~ft 
500.00 ~ft 
500 00 ~, 

21.00 '" JO 00 ft 
630 00 " 

14'' x 14" ft 
2 ()() ft 

188 50 ~, 
94.25 '"ft 

3,958 41 ~ft 
73 cu yd 

21 00 " 630 00 ft 

Clean Steel Piles 
Fiberglass Encasement 

Epoxy Grout Fill 
Encasement of Steel Piles 
Encasement of Steel Piles 

Chip and Oean Spall Area, to Sound Concrete 
Replace Steel ReinfottinJil as Needed 

Form and Pump Concrete Spall Repaln 

Clean Steel Piles 
Fiberi;:lass Encasement 

Epoxy Grout Fill 
Encasement of Steel Piles 
Encasement of Steel Piles 

Chip and Clean Spall Areas to Sound Concrete 
Replace Steel Reinforcing as Needed 

Form and Pomp Concrete Spall Repain 

~ Cl-­

Job No.: 48 

330,00 
35,248.67 

652. 75 
5,610.00 

330,00 

950.00 
950.00 
950.00 

39.00 
3,675.66 

68.07 
585.00 

39.00 

500.00 
500.00 
500.00 

Clean Steel Piles 21.00 
Fiberglass Encasement 

.Epo1y Grout Fill 
.Encasement of Steel Piles 

3,958.41 
73.30 

630.00 
Encasement of Steel Piles 21.00 

Chip and Clean Spall Areas to Sound Concrete 280.00 



Pier 40 - Repair Cost Estimate 
IIRPT 
New York, NY 

Quantity Bn-akdovrn 

I Pile Enca~emtnts 2009 

_Pile Ratin_~ Basis 

Chip and Clean Spall Areas to Sound Concrete 
Replace Steel Reinforcing as Needed 

Form and Pump Concrete Spall Repairs 

---------

Length 
Timber Pile Spacing 

Timber Piles - Installation 
Timber Wale Fender Rail - 10' x IO' 

Timber Chocks 
Anchor and Through Bolts 

Timber Piles - Material 
Timber Wale and Fender 10" x 10' - Material 

Timber Chock Materilli 

Pier Shed Piles 
Truck Court Piles 

Finger Pier Piles 
TotHI Number of Piles 

Piles Rated Serve or Major 
Piles Rated Moderate or Minor 

Piles Rated Serve or Major 
Piles Rated Moderate or Minor 

Pile Len!llth Basis - 2009 Report 

Pier Shed Effective Length 
Truck C01Jrt Effective Length 

Finger Pier Effective Length 

Fi.xity Below Mudline 
Embedment in Pile Cap 

~osed Lengths (Effective Less Embedments\ 
Pier Shed Exposed Length 

Truck Court E.xposed Length 
Finger Pier E.xposed Length 

Encasement Mudline Embedment 

Encasement Lengths, Each 
Pier Shed Encasement Length 

Truck Court Encasement Length 
Finger Pier Encasement Length 

Structural Concrete Enrnsement at Steel H-Piles 

Pier Shed Piles 
Truck Court Piles 

Finger Pier Piles 

Encasement Lengths Total 
Pier Shed Length 

Truck Court Length 
Finger Pier Length 

Total Encasement Length 
Average Encasement Length 

Number of Encasements 
Length of Each Encasement 

Total Length of Encasements 

Steel H-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Install Venical Reinforcing Steel Bars 
Length per Encasement 

Weight ofBar, ~6 
Weight of Vertical Bar per Encasement 

Reinforcing Spiral Spacing 
!\umber of Reinforcing Spirals per Encasement 

Circumference of Each Reinforcing Spiral 
Length of Reinforcing Loops per Encasement 

\Veight of Bar, #4 
Weight of Reinforcing Spirals per Encasement 

280 00 sq fl 
280 00 sq fl 
280 00 sq fl 

2,405.00 • 
8.00 • 

302.00 w 
4,810.00 • 

604.00 w 
1,812.00 " 302.00 w 

3,340 bdR 
419 bdR 

2,846.00 " 482 00 " 135.00 " 3,463 00 " 
40% 
61]% 

1,385.00 " 2,078.00 " 

JJ.00 • 
27 00 fl 
50 00 fl 

l2.00 fl 
LOO • 

20 00 fl 
l4 00 fl 
)7 00 

2 00 fl 

22.00 fi 
16 00 fl 
39 00 fl 

2,846 00 " 482 00 " 135 00 " 

62,612 00 
7,712.00 fl 
5,265 00 " 

75,589 00 fl 
21 83 

l.385 00 " 21 83 fl 
J0,23 l 23 fl 

14'' x 14" fl 
2 00 fl 

\)7 }5 sq fl 

8 00 " 174.62 fl 
I 50 !b!>TI 

262 28 lbs 
IOO fl 

21 83 " 2 09 fl 
45 72 fi 

0 67 lbs/fl 
30 54 lbs 

300.63 

!,)85 20 
2,077 80 

Replace Steel Rdnfordn!li as Needed 
Form and Pump Concrete Spall Repairs 

- Timber Pile, - Installation 
limber Wale Fender Rail· 10" l to" 

Timber Chodu 
Anchor and Tbrou11,h Bolts 

Timber Piles· Material 
Timber Wale and Fender 10" :1 10" - Material 

Timber Chock Material 

Clean Steel Piles 1,38~.oo 
Encasement of Steel Piles 30,231.23 

Fiber!lllass Encasement 189,948.45 
Reinfortin11: Steel f Wire Mesh 202.78 

Concrete Fill 3,517.56 

Install "C'' Ctrnnnels Bolted to Web 13,850.00 
Bolts 13,850.00 

Cathodic Protection - Sacrilkial Zinc Mesh 180,451.03 

~ Cl-­

Job No.: 48 

280.00 
280.00 

302.00 
4,810.00 

604.00 
1,812.00 

301.00 
3,340.26 

41'.44 

" ft 
sq ft 

"" cu yd 

" " sq ft 



Pier 40 • Repair Cost Estimate 
HRPT 
New York, NY 

Quantity Breakdown 

Reinforcing Steel per Encasement 
Volume of Fill per Encasement 

Install "("' Channel Bolted to Web/ Length per Encasement 
Bolt Spacing 

Number of Bolts per Encasement 

Fiberglass Encasement 
Reinforcing Steel I Wire Mesh 

Concrete Fill 

Clean Steel Piles 
Encasement of Steel Piles 

Install "C" Channels Bolted to Web 
Bolts 

Cathodic Protection - Sacrificial Zinc Mesh 

Non-Structural Concrete Encaument at Sleet II-Piles 

Number of Encasements 
Length of Each Encasement 

Total Length of Encasements 

Steel H-Pile Size 
Diameter of Encasement 

Area of Fiberglass per Encasement 

Volume ofFill per Encasement 

Fiberglass Encasement 
Concrete Fill 

Clean Steel Piles 
Encasement of Steel Piles 

Ca1hodjc Protection - Sacrificial Zinc Mesh 

0 15 
68 57 

lO 00 
100 

10 00 

189,948 45 
202 78 

J,518 

l,385 00 
30,231 23 
lJ,850 00 
13,850 00 

180,451 03 

2,078.00 
21 83 

45,357 77 

14" x 14" 
2 00 

137 15 

68 57 

284,991 25 
5,278 

2,078 00 
45,357 77 
43,089 88 

'°" '"fi 

fl 
fl .. 
sq fl 

'°" cu yd 

.. 
fi 
fl .. 
sq fl 

.. 
fl 
fl 

fl 

sq fl 

'"fl 

sq fl 
cu yd .. 
fl 
sq fl 

Clean Stel'I Piles 
Encuement of Steel Piles 

Fiberxlass Encasement 
Concrete Fill 

Calhodk Protection - Sacrificial Zinc Mesh 

~ Cl-­

Job No.: 48 

2,078.00 en 
45,357.77 ft 

284,991,25 sq ft 
5,277.62 cu yd 

43,089.88 sq ft 
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PREPAREO BY 

HALCROW ENGINEERS, P.C. 
NEW YORK, NY 

SKETCH A 
ClTY: NEW YORK 

COUNTY: NEW YORK 

! 
HUOSON RIVER PARK TRUST 

353 WEST ST., PIER 40, 2nd FLOOR 
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ROLLED STEEL SHAPES 

-.--
H 

.. 
PILES •• l·-w BEARING I -+{ 

' .l x-·- :---·-x 
DIMENSIONS AND I 

I 
I .; 

It I _., _ PROPERTIES FOR DESIGNING _ :1 ___ , 

,} 
,·r 

I I I 
I I 
r------b-·---4 

Flan11e Web AXIS X-X AXIS Y-Y 
Seo ti on Weight Area. Depth Thick-
Number per Width Thick- ness 

•nd Foot ness I s r I' S' r' 
Nominal A d b t w 

Size -- --- ------- -- ----Lb. In.' In. In. In. In. ln,4 ln.3 In. ln.• ln.3 In. ---- --- -- -- --- -- ---- ----
.. .. 

117 34.44 14.234 14.885 .805 .805 12'28.5 172.6 5.97 443.1 59.6 3.69 

·~ 
102 30.01 14.032 14.784 .704 .704 1055.1 150.4 5.93 379.6 51.3 3.56 . '~~ 
~ ' ' 

14x14J.-2 "-,~~ 26.19 13.856 14.696 .616 .616 909.1 131.2 5.89 326.2 44.4 3.53 
i 

73 21.46- 13.636 14.586 .506 .506 733.1 107.5 5.85 261.9 35.9 3.49 
. 

BP12 74 21.76 12.122 12.217 .607 .607 566.5 93.5 6.10 184.7 30.2 2.91 

12 x 12 53 15.58 11.780 12.046 .436 .436 394.8 67.0 5.03 127.3 21.2 2.86 

BP10 57 16.76 10.012 10.224 .564 .564 294.7 68.9 4.19 100.6 19.7 2.45 

10 x 10 42 12.35 9.720 10,078 .418 .418 210.8 43.4 4.13 71.4 14.2 2.40 

' 

' l 

BP 8 I 
! 

' 36 10.60 8.026 8.\58 .446 .446 119.8 29.9 3.36 40.4 9.9 1.95 
8x8 I 

L 
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PART IV 

STANDARD SPECIFICATIONS 

AND CODES 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 

Specification for the Design, Fabrication, and Erection of 
Structural Steel for Buildings; as revised June 1949. 
(For brevity this document is referred to in the Man­
ual as the A.I.S.C. Specification.) 

Code of Standard Practice; as revised April 26, 1956. 

AMERICAN INSTITUTE OF BOLT, . NUT AND RIVET 
MANUFACTURERS 

Tentative Specifications for Cold Riveted Construction; 
September, 1942. 

AMERICAN SOCIETY FOR TESTING MATERIALS 

Specifications for Steel for Bridges and Buildings. 
A.S.T.M. Designation A7-46. 

::=~ .... 
Specifications for Structural Rivet Steel. 

A.S.T.M. Designation A141-39. 

AMERICAN WELDING SOCIETY 

Application of and Extracts from Code for Arc and Gas 
Welding in Building Construction. 

UNITED STATES DEPARTMENT OF COMMERCE 

Minimum Design Loads in Buildings and other Structures; 
as sponsored by the National Bureau of Standards 
and adopted by American Standards Association, 
A58.1-1945. 

AMERICAN INSTITUTE 01=' STEEL. CONSTRUCTION 
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A. I, S. C. SPE:CIFICATION 

(3) BENDING. 

Tension on extreme fibers of rolled sections, plate girders, 
and built-up members. · 

(See Section 26 (a) ) ..... -................ -........................................... 20,000 
Compression on extreme fibers of rolled sections plate 

girders, and built-up members. 

With ~t°ot in excess of 600,................................................ 20,000 

With Id in excess of 600, ............................................ :. 12,000,000 
hl . ~ 

bt 
in which I is the unsupported length and d the depth, of the 
member; b ls the width, and t the thickness, of its compression 
flange; all in inches; except that l shall be taken as twice the 
length of the compression flange of a cantilever beam not fully 
stayed at its outer end against translation or rotation. 

Stress on extreme fibers of pins ............... -........................... 30,000 

Fiber stresses in butt welds, due to hending, shall not 
exceed the values prescribed for tension and compression, 
respectively. 

Fully continuous beams and girders may be proportioned for 
negative moments which are maximum at interior points of 
support, at a unit bending stress 20 percent higher than ahove 
stated; provided that the section modulus used oyer supports 
shall not be less than that required for the maximum positive 
moments in the same beam or girder, and provided that the com­
pression flange shall be regarded as unsupported from the support 
to the point of contraflexure. 

For columns proportioned for combined axial and bending stresses, 
the maximum unit hending stress Fb, Sect. 12 (a) may be taken 
at 24,000 pounds per square inch, when this stress is induced by 
the gravity loading of fully or partially restrained beams framing 
into the columns. 

( 4) SHEARING. 

Rivets ....... ............ ... ..... ........... ............. ........ ...... ..... ........ ............ 15,000 
Pins, and turned bolts in reamed or drilled hoies.................. 15,000 
Unfinished bolts.......................................................................... 10,000 
Webs of beams and plate girders, gross section...................... 13,000 

Weld Metal 
on section through throat of fillet weld, or on faying 

surface area of plug or slot weld....................................... 13,600 
on section through throat of butt weld.............................. 13,000 

(Stress in a fillet weld shall be considered as shear on the 
throat, for any direction of applied stress. Neither plug 
nor slot welds shall be assigned any values in resistance 
to stresses other than shear.) 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



Table 1.Ja (Cont'd.) 
Historical Summary of ASTM Specifications for Structural Steel 

Tensile 
Date Specification Material Yield Point, Strength I, 

ksi ksi 
1949 A6-49T* 

* Issued as a tentative 
standard covering 
delivery requirements 
for A 7 steel. \ 

A7-49T Stn1ctural Steel Yi Tensile Str. :::JJ 60/72 

A141-49T Rivet Steel 28 52/62 
1958 A373-58T Stn1ctural Steel 32 58-75 
1961 A7-61T Structural Steel 

All shapes 33 60175 
Plates/bars to 1112 in. 33 60/72 
Plates/bars over l Yi in. 33 60175 

1962 A36-62T Structural Steel 
All shapes 36 58/80 
Plates to 8 in. 36 58/80 
Bars to 4 in. 36 58/80 

1963 A242-63T HSLA Steel: I 
Group I shapes & 
plates/bars to 34 in. 50 70 
Group 2 shapes & 
plates/bars over 3/.i to 1 Yi 
in. 46 67 
Group 3 shapes & 
plates/bars over 112 to 4 
in. 42 63 

A440-63T High-Strength Steel: 
Group I shapes & 
plates/bars to 3.hl in. 50 70 
Group 2 shapes & 
plates/bars over 3/.i to 1 Y2 
in. 46 67 
Group 3 shapes & plates 
over 1 Yi to 4 in. 42 63 
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HP. l po 
============================================================================== 

LPILE Plus for Windows, version 4.0 (4.0.10) 

Analysis of Individual Piles and Drilled shafts 
subjected to Lateral Loading using the p-y Method 

(c) Copyright ENSDFT, Inc., 1985-2003 
All Rights Reserved 

======-======================================================================= 

This program is licensed to: 

humi 
HALCRDW 

Path to file locations: 
Name of input data file: 
Name of output file: 
Name of plot output file: 
Name of runtime file: 

c:\Documents and settings\HuMi\Desktop\ 
HP. l pd 
HP. l po 
HP. l pp 
HP. l pr 

Time and Date of Analysis 

Date: April 23, 2009 Time: 16:25:35 

Problem Title 

HP PILE 

Program Options 

units Used in computations - us customary Units, inches, pounds 

Basic Program Options: 

Analysis Type 1: 
- Computation of Lateral Pile Response using user-specified Constant EI 

Computation Options: 
Only internally-generated p-y curves used in analysis 
Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 
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HP. 1 po 
- Analysis for fixed-length pile or shaft only 
- No computation of foundation stiffness matrix elements 
- output pile response for full length of pile 

Analysis assumes no soil movements acting on pile 
No additional p-y curves to be computed at user-specified depths 

Solution Control Parameters: 
- Number of pile increments 
- Maximum number of iterations allowed 

128 
100 

- Deflection tolerance for convergence 
- Maximum allowable deflection 

1. OOOOE-05 in 
l.0000E+02 in 

Printing Options: 
- Values of pile-head deflection, bending moment, shear force, and 

soil reaction are printed for full length of pile. 
- Printing Increment (spacing of output points)= 1 

Pile Structural Properties and Geometry 

Pile Length 
Depth of ground surface below top of pile= 
slope angle of ground surface 

2166.00 in 
312.00 in 

.00 deg. 

Structural properties of pile defined using 2 points 

Point Depth Pile 
x Diameter 
in in 

--------- -----------
1 0.0000 13. 830 
2 2166.0000 13. 830 

Moment of 
Inertia 

i n**4 
----------

326.0000 
326.0000 

Pi le 
Area 

Sq.in 

203. 3000 
203. 3000 

Modulus of 
Elasticity 
lbs/Sq.in 

29000000.000 
29000000.000 

soil and Rock Layering Information 

The soil profile is modelled using 3 layers 

Layer 1 is soft clay, p-y criteria by Matlock, 
Distance from top of pile to top of layer 
Distance from top of pile to bottom of layer= 

L~yer 2 is sand, p-y criteria by Reese et al., 
Distance from top of pile to top of layer = 
Distance from top of pile to bottom of layer= 
p-y subgrade modulus k for top of soil layer= 
p-y subgrade modulus k for bottom of layer = 

Layer 3 is sand, p-y criteria by Reese et al., 
Distance from top of pile to top of layer 
Distance from top of pile to bottom of layer 

Page 2 

1970 
312.000 in 

1116.000 in 

1974 
1116.000 in 
1812.000 in 

125.000 lbs/in**3 
125.000 lbs/in**3 

1974 
1812.000 in 
2166.000 in 
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p-y subgrade modulus k for top of 
p-y subgrade modulus k for bottom 

(Depth of lowest layer extends 

HP. l po 
soil layer 
of layer 

125.000 lbs/in**3 
125.000 lbs/in**3 

.00 in below pile tip) 

Effective unit weight of soil vs. Depth 
--------------------------------~---------------------------------------------
Distribution of effective unit weight of soil with depth 
is defined using 6 points 

Point Depth x Eff. unit weight 
No. in l bs/i n*"3 

---------- ----------------
1 312.00 .01600 
2 1116. 00 .02180 
3 1116.00 .03040 
4 1812.00 .03040 
5 1812.00 .03620 
6 2166.00 .03620 

shear strength of soils 

Distribution of shear strength parameters with depth 
defined using 6 points 

Point Depth X cohesion c Angle of Friction 
No. in lbs/in**2 Deg. 

-------- ---------- ------------------
1 312. 000 .34700 .00 
2 1116.000 2.77800 .00 
3 1116.000 .00000 38.00 
4 1812.000 .00000 38.00 
5 1812.000 .00000 40.00 
6 2166.000 .00000 40.00 

Not.es: 

E50 or 
le.rm 

.02000 

.02000 

(1) cohesion= uniaxial compressive strength for rock materials. 
(2) values of E50 are reported for clay strata. 
(3) Default values will be generated for E50 when input values are 0. 
(4) RQD and k_rm are reported only for weak rock strata. 

Loading Type 
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HP. l po 

Static loading criteria was used for computation of p-y curves 

Distributed Lateral Loading 

Distributed lateral load intensity defined using 2 points 

Point D~pth x Di st. Load 
No. 1 n lbs/in 

---------- ----------
1 58.800 -125.00000 
2 70.800 -125.00000 

Pile-head Loading and Pile-head Fixity Conditions 

Number of loads specified 1 

Load Case Number 1 

Pile-head boundary conditions are shear and slope (BC Type 2) 
-2000.000 lbs Shear force at pile head = 

Slope at pile head = 
Axial load at pile head 

.000 in/in 

.000 lbs 

(zero slope for this load indicates fixed-head condition) 

computed values of Load Distribution and Deflection 
for Lateral Loading for Load case Number 1 

Pile-head boundary conditions are shear 
Specified shear force at pile head 
Specified slope at pile head 
Specified axial load at pile head 

and slope (BC Type 2) 
-2000.000 lbs 
O.OOOE+OO in/in 

.000 lbs 

(zero slope for this load indicates fixed-head conditions) 

Depth Deflect. Moment Shear slope Total 
x y M v s Stress 
in in lbs-in lbs Rad. l bs/i n''*2 

-------- --------- ----------- ----------- ----------- -----------
0.000 -5.002 917084.6109 -2000.0000 2.624E-17 19452.8837 

16. 922 -4.988 883240.8609 -2000.0000 .001611 18735.0017 
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soil Res 
p 

lbs/in 
-----------

0.0000 
0.0000 



33. 844 -4.947 849397.1109 
HP.lpo 

-2000.0000 . 003162 18017 .1197 0.0000 
50.766 -4.881 815553.3609 -2000.0000 .004652 17299.2377 0.0000 
67.688 -4.790 781709.6109 -3057.6172 .006081 16581. 3557 0.0000 
84.609 -4.675 712072.1292 -4115.2344 .007418 15104.2294 0.0000 

101. 531 -4.539 642434.6476 -4115. 2344 .008631 13627 .1030 0.0000 
118.453 -4.383 572797.1659 -4115.2344 .009718 12149. 9767 0.0000 
135.375 -4.210 503159.6842 -4115.2344 .010681 10672. 8504 0.0000 
152.297 -4.021 433522.2025 -4115.2344 .011519 9195.7240 0.0000 
169.219 -3.820 363884.7208 -4115.2344 .012233 7718. 5977 0.0000 
186 .141 -3.607 294247.2391 -4115.2344 .012822 6241.4713 0.0000 
203.063 -3.386 224609.7574 -4115.2344 . 013286 4764.3450 0.0000 
219.984 -3.158 154972.2757 -4115.2344 . 013626 3287.2187 0.0000 
236.906 -2.925 85334.7940 -4115.2344 . 013841 1810.0923 0.0000 
253.828 -2.689 15697. 3123 -4115.2344 . 013932 332.9660 0.0000 
270.750 -2.453 -53940.1693 -4115.2344 . 013897 1144.1603 0.0000 
287.672 -2.219-123577.6510 -4115.2344 . 013738 2621. 2867 0.0000 
304. 594 -l.988-193215.1327 -4115.2344 . 013455 4098. 4130 0.0000 
321. 516 -l.764-262852.6144 -4002. 5901 . 013047 5575.5394 13.3135 
338.438 -l.547-328677.7898 -3728.1576 .012517 6971.8004 19.1218 
355.359 -l.340-389027.4495 -3355.9820 . 011875 8251. 9166 24.8657 
3 72. 281 -l.145-442256.8056 -2888.1895 .011131 9380.9994 30.4227 
389.203 -.963250-486774.6128 -2329.0260 .010300 10325.2959 35.6649 
406.125 -.796334-521079.7794 -1684.9423 .009398 11052.9653 40.4595 
423.047 -.645200-543799.3802 -991. 305 7 .008445 11534.8856 41. 5216 
439.969 -.510537-554629.2819 -290.7035 .007462 11764.6058 41. 2827 
456.891 -.392673-553637.8781 400.9258 .006470 11743.5765 40. 4611 
473.813 -.291578-541060.4509 1073.4688 .005490 11476. 7884 39.0269 
490.734 -.206871-517307.6682 1716. 2004 .004543 10972.9525 36.9377 
507.656 -.137832-482977.7932 2317.4288 .003648 10244.7590 34.1217 
524.578 -.083423-438877.1868 2863.6491 .002823 9309.3121 30.4362 
541. 500 -.042306-386061.1699 3337 .1411 .002084 8188.9969 25.5259 
558.422 -.012883-325935.8173 3705.5469 . 001447 6913. 6386 18. 0161 
575.344 .006668-260651.5671 3729.8179 9.221E-04 5528.8515 -15.1475 
592.266 .018324-199704.7925 3414.1307 5.lOlE-04 4236.0694 -22.1637 
609.188 .023931-145104.5820 3012.8490 2.015E-04 3077. 9085 -25.2639 
626.109 .025144 -97738.6854 2572.8599 -1. 583E-05 2073.1994 -26.7385 
643.031 .023395 -58029.3534 2117.0478 -1. 552E-04 1230.8987 -27 .1340 
659.953 .019890 -26089.8476 1661. 7243 -2.305E-04 553.4089 -26.6808 
676.875 .015594 -1790.3722 1220. 2079 -2.555E-04 37.9768 -25.5022 
693.797 .011244 15206.5623 804.1218 -2.435E-04 322.5564 -23.6751 
710.719 .007354 25424.1238 424.0006 -2 .071E-04 539.2878 -21.2515 
727.641 .004235 29556.3335 89.6791 -l.579E-04 626.9388 -18.2621 
744.563 .002010 28459.2006 -189.1928 -l.060E-04 603.6668 -14.6979 
761.484 6.48E-04 23153.3385 -401.3488 -5.978E-05 491.1207 -10.3769 
778.406 -1. 29E-05 14876.0509 -461. 3911 -2.575E-05 315. 5457 3.2805 
795.328 -2.23E-04 7538 .1320 -367.7597 -5.688E-06 159.8963 7.7858 
812.250 -2.05E-04 2429.6832 -235.9200 3.232E-06 51. 5376 7.7963 
829.172 -l.14E-04 -446.2865 -113.9522 5.008E-06 9.4665 6.6191 
846.094 -3.59E-05 -1426. 8873 -18.1563 3. 331E-06 30.2666 4.7031 
863.016 -l.18E-06 -1060. 7622 38.1817 l.105E-06 22. 5005 1.9555 
879.938 1. 45E-06 -134.6741 32.7552 3.490E-08 2.8567 -2.5969 
896.859 1. 22E-09 47.7979 3.9805 -4.285E-08 1. 0139 -.8040 
913.781 -l.05E-ll .040893 -1.4123 -3.597E-ll 8.674E-04 .1666 
930.703 -4.32E-16 -3.478E-04 -.001208 3.113E-13 7. 377E-06 l.452E-04 
947.625 3.53E-18 -l.449E-08 l.028E-05 1. 276E-17 3.074E-10 -1. 214E-06 
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964.547 1. 46E-22 1.165E-10 
HP, l po 

4.282E-10 -1.043E-19 2. 472E-12 -5.143E-ll 
981. 469 -l.13E-24 4.901E-15 -3.443E-12 -4.320E-24 1.040E-16 4. 069E-13 
998.391 0.000 -3.736E-17 -1.448E-16 0.0000 7.926E-19 1. 738E-17 

1015. 0.000 -1. 585E-21 1.104E-18 0.0000 3.362E-23 -1. 305E-19 
1032. 0.000 l.148E-23 4.683E-23 0.0000 2.436E-25 -5.615E-24 
1049. 0.000 0.0000 -3.393E-25 0.0000 0.0000 0.0000 
1066. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1083. 0.000 0.0000 0.0000 0.0000 0.0000 0. 0000 
1100. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1117. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1134. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1151. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1168. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1185. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1201. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1218. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1235. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1252. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1269. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1286. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1303. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1320. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1337. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1354. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1371. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1388. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1405. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1421. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1438. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1455. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1472. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1489. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1506. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1523. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1540. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1557. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1574. 0.000 0.0000 0.0000 0. 0000 0.0000 0.0000 
1591. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1608. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1625. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1641. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1658. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1675. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1692. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1709. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1726. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1743. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1760. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1777. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1794. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1811. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1828. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1844. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1861. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
1878. 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
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1895. 0.000 0.0000 
HP. l po 
0.0000 0.0000 0.0000 

1912. 0.000 0.0000 0.0000 0.0000 0.0000 
1929. 0.000 0.0000 0.0000 0. 0000 0.0000 
1946. 0.000 0.0000 0.0000 0.0000 0.0000 
1963. 0.000 0.0000 0.0000 0.0000 0.0000 
1980. 0.000 0.0000 0.0000 0.0000 0.0000 
1997. 0.000 0.0000 0.0000 0.0000 0.0000 
2014. 0.000 0.0000 0.0000 0.0000 0.0000 
2031. 0.000 0.0000 0.0000 0.0000 0.0000 
2048. 0.000 0.0000 0.0000 0.0000 0.0000 
2064. 0.000 0.0000 0.0000 0.0000 0.0000 
2081. 0.000 0.0000 0.0000 0.0000 0.0000 
2098. 0.000 0.0000 0.0000 0.0000 0.0000 
2115. 0.000 0.0000 0.0000 0.0000 0.0000 
2132. 0.000 0.0000 0.0000 0.0000 0.0000 
2149. 0.000 0.0000 0.0000 0.0000 0.0000 
2166. 0.000 0.0000 0.0000 0.0000 0.0000 

output Verification: 

computed forces and moments are within specified convergence limits. 

output summary for Load case No. 

Pile-head deflection 
Computed slope at pile head 
Maximum bending moment 
Maximum shear force 
Depth of maximum bending moment 
Depth of maximum shear force 
Number of iterations 
Number of zero deflection points 

1: 

-5.00169272 in 
2.62435E-17 
917084.611 lbs-in 

-4115.234 lbs 
0.000 in 

270.750 in 
25 
21 

Summary of Pile-head Response 

Definition ot symbols for pile-head boundary conditions: 

y = pile-head displacment, in 
M = pile-head moment, lbs-in 
v = pile-head shear force, lbs 
s = pile-head slope, radians 
R = rotational stiffness of pile-head, in-lbs/rad 

BC Boundary Boundary Axial Pile Head 
Type Condition Condition Load Deflection 

1 2 lbs in 

Maximum 
Moment 
in-lbs 

------------ ------------ ----------- ----------- -----------
2 V= -2000.000 S= 0.000 0.0000 -5.0017 917084.6109 
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0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Maximum 
shear 
lbs 

-----------
-4115. 2344 
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HP. 1 po 

The analysis ended normally. 

Page 8 



s~' 

g 
.c 
1i .. 
Cl 

-600 
0 

0 

0 
N 

0 

"' 

L 

L 
' 
L 

' 
' 
'-
L 

L 

L 

L 

L 

L 
L 
' 

-400 
' ' 

/ 
L-- ' 
L 

L 

Bending Moment (in-kips) 

-200 0 200 400 

' ' I I I I I I I I I 1 I I I I I I 

~ 
~ -

~ 
~" 

0 

"' 

L 

L 
'-----~ 

0 

"' 

0 

"' 
0 

"' 
g 

0 

0 
N 

0 .., 

0 

"' 

L 

~ 
~ 

j 
-

L 

L 

L 

L 

L 

L 

' ' 
L 

L 

L 

L 
L 
L 
L 

' 
' 
' 
' ,_ 
,_ 
L 

L 

L 

L 

L 

L 

600 800 1000 
I I I I /'' 
~ 

l,casa-2 



Lateral Deflection (in) 

-5 -4 -3 -2 -1 0 
0 

0 

- . 
~· . •• . . 

-

0 

-....., 

~ 
N 

0 

~ 
~ 

"' ,~' 
0 

- -
~ .. \ 

0 

"' -

0 

"' 
-

0 

" 
0 
<X) 

g -
.c 0 ~ 

0. 0, 

-

" c --
0 
0 
~ -

--
!" -
~ -

-
-

0 -
"' ---
0 -
~ ---0 -;!: ---0 -~ -

-
-

0 -

"' ---
0 

" 
0 

~ 

0 . Iv Case -2 
~ 

111 



DEAD LOADS 



Ha/crow NOAM CALCULATION SHEE No Rev: 

Project: PIER 40 CONDITION SURVEY 

Subject: 
DEAD LOAD CALCULATIONS FOR STEEL H-PILE LOAD RATING CALCS. 

PIER SHED 

Reva 

DEAD LOAD FOR THE PIER SHED INCLUDES THE DECK PLANKS WITH 2 IN. WEARING 

SURFACE, PILE CAPS, PILE CAPS BEAMS, AND SELF-WEIGHT OF PILE 

ELEMENT VOLUME 
CONG. UNIT WEIGHT 

LOAD (KIPS) 
(KIPS/CF) 

DECK PLANKS 364.6 0.15 54.7 

PILE CAPS 45.0 0.15 6.8 

BEAMS 75.0 0.15 11.3 

SELF-WEIGHT - - 2.9 

TOTAL 75.6 

TRIBUTARY AREA 

SPAN 12.5 FT 

WIDTH 25 FT AREA 312.5 jsF 

DECK PLANKS 

DECK THI CKNESS 12 IN. 

WEARING SURFACE 2 IN. 

TOTAL THICKNESS 1.2 FT VOLUME 364.6 jcF 

PILE CAPS 

WIDTH 3 FT 

LENGTH 3 FT 

HEIGHT 5 FT VOLUME 45.0 jcF 

PILE CAPS BEAMS 

WIDTH 2 FT 

HEIGHT 3 FT VOLUME 75.0 jcF 

SELF-WEIGHT 

PILE LENGTH 33 FT 

LBS.IFT 89 LBS.IFT LOAD 2.9 !KIPS 

By: JC Date: 5/29/2009 

Check Date: 5/3012009 
By: 

References/Results 

NOAM Calculation Sheet 



Ha/crow NOAM CALCULATION SHEEl No: 2 Rev: 

Project: PIER 40 CONDITION SURVEY By: JC Date: 5/29/2009 

Subject: Check Date: 5/30/2009 
DEAD LOAD CALCULATIONS FOR STEEL H-PILE LOAD RATING CALCS. 

By: 

References/Results 

TRUCK COURT 

DEAD LOAD FOR THE TRUCK COURT INCLUDES THE DECK PLANKS WITH 2 IN. WEARING 

SURFACE, PILE CAPS, PILE CAPS BEAMS, AND SELF-WEIGHT OF PILE 

ELEMENT VOLUME 
CONC. UNIT WEIGHT 

LOAD (KIPS) 
(KIPS/CF) 

DECK PLANKS 504.7 0.15 75.7 

PILE CAPS 45.0 0.15 6.8 

BEAMS 123.6 0.15 18.5 

SELF-WEIGHT - 2.4 

TOTAL 103.4 

TRIBUTARY AREA 

SPAN 20.6 FT 

WIDTH 21 FT AREA I 432.6 !SF 

DECK PLANKS 

DECK THICKNESS 12 IN. 

WEARING SURFACE 2 IN. 

TOTAL THICKNESS 1.2 FT VOLUME I 504.7 !CF 

PILE CAPS 

WIDTH 3 FT 

LENGTH 3 FT 

HEIGHT 5 FT VOLUME I 45.0 !CF 

PILE CAPS BEAMS 

WIDTH 2 FT 

HEIGHT 3 FT VOLUME I 123.6 !CF 

SELF-WEIGHT 

PILE LENGTH 27 FT 

LBS./FT 89 LBS./FT LOAD I 2.4 ! KIPS 

Revo NOAM Calculation Sheet 



Ha/crow NOAM CALCULATION SHEE No 3 Rev: 

Project: PIER 40 CONDITION SURVEY 

Subject: 
DEAD LOAD CALCULATIONS FOR STEEL H-PILE LOAD RATING CALCS. 

FINGER PIER 

RevO 

DEAD LOAD FOR THE TRUCK COURT INCLUDES THE DECK PLANKS WITH 2 IN. WEARING 

SURFACE. LONG. BEAM, TRANS. BEAMS, AND SELF-WEIGHT OF PILE 

ELEMENT VOLUME 
CONC. UNIT WEIGHT 

LOAD (KIPS) 
(KIPS/CF) 

DECK PLANKS 262.5 0.15 39.4 

LONG. BEAM 168.8 0.15 25.3 
TRANS. BEAM 75.0 0.15 11.3 
SELF-WEIGHT - - 4.5 

TOTAL 80.4 

TRIBUTARY AREA 

SPAN 22.5 FT 

WIDTH 10 FT AREA 225.0 !SF 

DECK PLANKS 

DECK THICKNESS 12 IN. 

WEARING SURFACE 2 IN. 

TOTAL THICKNESS 1.2 FT VOLUME 262.5 !CF 

LONG. BEAM 

WIDTH 2 5 FT 

HEIGHT 3 FT VOLUME 168.8 !CF 

TRANS. BEAM 

WIDTH 2.5 FT 

HEIGHT 3 FT VOLUME 75.0 !CF 

SELF-WEIGHT 

PILE LENGTH 50 FT 

LBS./FT 89 LBS./FT LOAD 4.5 !KIPS 

By: JC Date: 5/29/2009 

Check Date: 5/30/2009 
By: 

References/Results 

NOAM Calculation Sheet 
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Tuesday , May 06, 2014, 11 : 53 AM 

PAGE NO. 

....••...•....••.••...••.....•••...•..••••••••...••. 

STAAD.Pro V8i SELECTseries4 
Version 20.07.09.31 

Proprietary Program of 
Be ntley Systems, Inc . 
Date• MAY 5, 2014 
Timea 12:13: l 

USER ID: CH2M HILL 

l. STMD SPACE 
J NPU1' FILE : Pier40_ Individual_ Column_Sh ed Avg(Severe l . STD 

2. STAkT JOB INFORMATION 
3 . ENGINEER DATE 1 2 - MARCH -201 4 

4 . END JOB JNFOkMATTON 
5 . INPUT WIDTH 79 

6. UNIT FEET KIP 
7. J OINT COORDINATES 
6 . 1 0 0 O; :, 01 2 O; 7 ll 26.25 0 ; 8 0 31. ~ 0; r, 0 J i. . ~', ll ; 10 0 37 0 

'.' . 1, o 1q . 12 s O; 16 o 22 . 6 &1, o: l7 o J '> . '162, O; 1a o J O; ! 9 o 1o O; ?On y t> 

10 . MEMBRR t NCIDENCllS 

11 (. f/ 1'1 

MLtoL1,( 

l J • 4 4 l 8 ; ? 7 8; ~ B ~; '! 9 l O; -:! !I ·1 I 6 : 2 l JS I I : 2 2 lb 1 5 ; 2 3 l 7 !, ; 2 1 J 8 I Y 

12 . 2'> ] 9 ? 0 ; 2 6 20 S 

13 . START USER TABLE 

14 . TABLE 2 
1 5. UNIT INCHES Kl P 
1 6. WIDE PLl>.NGE 

17 . TOP 
18. 13 . 3299 13 . S 0. 398 14 . 7 0 . 274 41 ~.686 14 5.131 0 .4 80084 5 . 4924 8 . 05S6 

19. MID 
20 . 11 .54 71 13 .8 0.27 11. 7 0 . 27 1 411.059 143.495 0 . 2820 3 3. 72 6 7 . 9674 

7. 1 . MUD!, lNE 
22. 18.6203 13 . 8 0.473 14.? 0 .4 2$ 64 4 .601 22 5 . 118 l .20911 6.527 4 12. 495 

23. 50% P!LE 
2 4 . 1 4. 54 7 5 13.8 0.57~ 13.8 0 . 25 42 9 .4 8 1 109.71 4 0 . 986568 7.935 6.9 

25. 50% FLG12 
26 . 1 3.64 75 11 . 8 0 . 57 5 1 2 0 .25 388.166 72. 1 107 0.9678 18 7 .9 35 6 

27 . 3 3\ Pl LE 
28 . 12.24 5 13 . 8 0.475 14 . 7 0.2 367 .152 1 06.004 0 . 557 1 01 6.555 S . 88 

29. END 
30 . UNJ'l' FEET KIP 

J 1 . DEF lNE MATERIAL START 

32 . ISOTROPIC STEEL 

33 . E 4 .17 6E +006 

3 4. POISSON 0 . 3 
35 . DENSITY 0 . 4 89024 

36. ALPHA 6 .5E·006 

37 . DAMP 0. 0 3 
38. ENO DEFINc MATER IAL 

l((~~;t'-1 

C: \Usel's\bc ookJ\De!lk top \HRPT Pile Clleck\A.xial\Pi e,· S he d \Sever e Pi l e\Pier4 0_ Tndi v idual Colum11_ Sl1ed Avg(Severe) . anl 



STAAD SPACE 

J9. UNIT INCHES KIP 

40. CONSTANTS 

41. BETA O MEMB B 9 
4 2. MATERIAL STEEL ALI, 

43. MEMBER PROPERTY N>'IERlCAN 

44. 9 UPTABLF. 2 TOP 

4 5. 7 8 UPTABI.E 2 MID 

46. 20 TO 23 UP'fABLE ~ MUDLINJ:: 

4 7. MEMBER PROPERTY AMERICAN 

48. 4 24 TO 26 TABLE ST HP14X89 

4 9. SUPPORTS 

50. 4 FIXED 

51. 10 FIXED BUT F'i 

52. MJ::MBER RF.LEASE 

53. 9 END MPY .5 MPZ .5 
54. LOAD l LOADTYPE D8AD TJ1'LE DEAD+WP.11.RING SURFACE 

55. JOINT LOAD 

56. 10 F'i -170 
57. PERFORM DUCKJ.TNG ANALYSIS MAXSTF.:P 200 

p R O • L E H s T > T I S T I c s 
---------- -- ---- . ------- ---- ----

NUMBER OF JOINTS 12 NUMB BR OF MEMBERS 

NUMBER OF PLATES 0 NUMBER OF SOLIDS 

NUMBER OF SURFACES a NUMBER OF SUPPORTS 

SOLVER USED IS THE IN-CORE ADVANCED SOLVER 

1l 
0 

' 

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM 

Tuesday, May 06, 2014, 11: 53 AM 

PAGE NO_ 

61 

C: \Users\bcook3 \De~ktop \HRPT PJ le Check \Axid 1 I Pi ei- Shed \Severe Pile\ Pl er4 a_ Indi vidudl_ Column _Shed Avg {Severe/ . anl "f 



.STAAD SPACE 

MODE 

1 

~,B. PINJSH 

CAl,ClJLATED BUCKl,1 NG FACTORS FOR LOAD CASE 

BUCKl,lNG FACTOR 

7.02252 

13.31188 
18. 9:2)11 

26.81848 

**.******** END Of TH~: STMD.Pro RUN .,. .. .,,.,,~····· 

•••• DATE"' MAY 5,2014 

Tuesday, May 06, 2014, 11:SJ AM 

PAGE NO. 

r: \ users \t,coo.k3 \Pesktop\HRPT Pi 1 e Chl"ck \Axial I Pier Shed \sevlc'rf' Pi 1 e I Pie1·110 _ Tndi vi dual~ Column_ Shed Avg i Severe) . anl 4 



STAAD SPACE 

For questions on S'l'AAD.Pro, please contact­

Bentley Systems or Partner officeo 

Telephone ..:eb I Email 

USA +l ( 714) 97{·2500 

UK +44 (0) 808 1 01 92116 

SINGAPORE +65 622:>-bl!>B 

FRANCE +33 (01 1 55?.38400 

GERMANY +19 0931 4 04 68 

It,,'DJA +91 (033) 4006-20,11 

PAGE ~O. 

• 

JAPAN +81 (03)5952-6500 htt.p: //www. ctc--g. co. jp 

ClllN.A +86 " 6288 4 o,;.o 
THAILAND +6' (0)2€45-1018/19 partlla. p®reisoft.Wdreth . corn* 

Worldwide ht.tp://select.services.bentley.cor../en-US/ 

Tuesday, May 06, 2014, 11:53 AM 

c, \ u .. 'H'CS \bcookJ \Desk top\HRPT P1 le check \AXitlJ I P1er Shed\ Severe Pile I Pi er4 O Ind1 vi dual. Column_ Shed Avg I severe) . anl .J 
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PAGE NO. 

******** ** ****** **************** ******************** 

STA>.D. P r o V81 SBLECTseri e e4 

Version 2 0.07 .0 9.31 
Proprie t ary Pro gra m o f 

Bentley Sys t e ms, Inc. 
Da t e - APR 3 0, 2014 

Time• 1 3: 31 : 43 

USER ID: CH2M HILL .•••....••.••••••••..••.................••••....•... 

1. STAAD SPACE 
INPUT FILE: Pier4 0_ l ndividual_Bending_ Pier S h e d LC.3 - STD 

2. START J OB INFORMATION 
3 . ENGINEER DATE 12 - MARC!l - 2 0 14 

1 . END JOB I NFORMATION 
5. INPUT WIDTH 7 9 

6 . UNIT FEE'!' KIP 

1 . J OINT COORDINATES 
8. 4 0 0 0 ; 5 0 12 0 ; 7 0 26 . 2 ~ 0 ; B O 3J. 5 0 ; 9 0 32 . 2 ~ 0 : LO O 37 0 

T uesday, May 06 , 2 014 , 0 4: 2 1 PM 

9 . l '., 0 ] 9 . 797~ O; 16 0 22 . 68 7 '> O; 11 0 JS . 5 (,: 5 0 ; 1 8 0 3 0 ; 19 0 6 0 ; 20 0 9 0 

10 . MEMBER INCI DENCES 
11 . 4 4 1 8 ; 7 -, 8 ; 8 8 9 ; <i 'l 1 0 ; 20 7 i f> ; ) 1 ,~ ]7 ; ~'.! 16 15 ; 2 3 17 ~ ; 2 4 18 1 9 

12 . 25 1 9 20; 2 6 20 5 
13 . START USER TABLE 

14 . TABLE 2 
15 . UNIT lNCHES KI P 
1 6 . WIDE FLANGE 
17. 20\ TOP 
1 8 . 8.4 1 75 1 3.8 0.35 14 .7 0 . 1 25 24 4 .377 6 6 .22 6 0. 2 1 27 93 4. 8 3 3 . 675 

1 9. 20 \ Ml D 
20. 7 . 4 9875 1 3 .8 0 . 1 75 14 . 7 0 . 175 274 .27 7 92.6 546 0 . 076 54 97 2.4 1 5 s . 145 

21. 20 \ MUDLINE 
22. 17 .28 5 13 . 8 0. 4 25 14 . 7 0. 4 605.874 21 1 .851 0 . 95985 1 5. 865 11 . 76 

23 . TOPAVG 
2 4 . 13 . 32 99 1 3 . 8 0 .3 98 1 4 . 7 0. 274 44 5. 686 14 5. 131 0 . 4 8 0 084 5 . 4 92 4 8 . 05 56 

2 5. MlDAVG 
2 6 . 11 .547 1 13. 8 0 . 27 14 .7 0 . 2 7 1 417 . 059 14 3 . 495 0 . 28203 3 . 726 7 .9674 

2 7. MUDLINEAVG 
28. 1 8 . 6203 1 3 . 8 0 . 47 3 14. 7 0 .4 2 5 644 . 601 22 5 . 118 1 .20 9 11 6 . 5 274 l 2 . 4 9 S 

29 . END 

30. UNI T F'EET KI P 
31. DEFINE MI\TERIAL START 

32. I SOTROPIC STEEL 

3 3. E 4 . 17 6E+006 
34 . l'Ol SSON O . J 

35 . DENSITY 0 .189 0 24 

36. ALPHA 6 .SE · OOG 

37 . DAMP 0. 0 3 
38 . END DEFINE MAT ERIAL 

c: \ User s \ bcookJ \ Desktop\ HRPr Pil e Check \ La t e ,cal\Pie r Shed \ Pier Sh ed Se vere Pil es Pi er Shed \Load Case J\ Pi e , ·40 Ind iv i du .; 



STAAD SPACE: 

39. UNIT lNCHES KIP 
40. COJllSTANTS 
41. BBTA O MEMB 8 9 

42. MATERIAL STEEL ALL 

43. MEMBER PROPERTY ;t.MERICAN 
44. 9 UPTABLE 2 TOPAVG 
45. 20 TO 23 UPTABLE 2 MUDLINEAVG 

46. MEMBER PROPERTY AMERICAN 
47. 4 24 TO 26 TABLE ST HP14X89 

48. MEMBER PROPERTY AMERICAN 
49. 1 8 UPTABLE 2 MIDAVG 
50. SUPPORTS 
51. 4 10 PINNEO 
52. LOAD J I.OADTYPE WIND TITLE WlND (MAJOR AXIS) 
53. JOINT LOl\D 

54. 4 MZ 595 

55. 10 MZ 493 

56. LOAD 5 LOADl'YPE FLUIDS TITLE CURRENT (MAJOR AXIS) 

51 . JOINT LOAD 
58. 4 MZ 49.2 

59. 10 MZ 15.6 

60. *MEMBER LOAD 

61. •7 8 20 TO 2J UNI GZ O. 00151 

62. LOAD 1 LOADTYPE WIND TITLE WAVE (t,"JW'QR AXIS) 

63. JOINT LOAD 
64. 4 MZ 458.4 

65. 10 MZ 355.2 

66. LOAD COMO 4 HRPT LOAD CASE: 3 
61. ) 0.24 5 0.8 1 0 24 

68. PERFORM ANALYSIS 

PROBLEM 

NUMBER OF JOINTS 
NUMBER OF PJ.,ATES 
NUMBER OF SURFACES 

S T A T l S T I C S 

12 NUMBER OF MEMBERS 
O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER USED IS THE IN-CORE ADVANCED SOLVER 

11 
0 

2 

TOTAL PRIMARY LOAD CASES 3, TOTAL DEGREES OF FREEDOM 

•• •,·,,\l-'l<i!J,. "· 
PROBABLE CAUSE S!NGUI.J\R-ADDING WEAK SPRING 

PAGE NO. 

" 

K-MATRIX DIAG:o 6.5'1.24866E+02 L-MATRlX DIAG"' -l.1053026E 13 EQN NO ]5 

69. PARAMETER 

70. CODE AISC 

TUesday, May 06, 2014, 04;21 PM 

C,\Useno\bcookJ\Desktop\HRP'I' Pile Check\La.teral\Pie1 Shed\Pier Shed Severe Piles Pier Shed\I,oad Case J\Pier40 Individu,;, 



Tuesday, May 06, 2014, 04;21 PM 

STAAD SPACE Pl\GE NO. 

71. FYLD 36 AI,L 

72. LX ,'.06. 4 MF.MB 7 TO 9 20 22 

7] UNB 206.4 MEMS 7 TO 9 20 " 
74. UNT 206.4 MEMB 7 TO ' 20 " 7 5. LX 237.6 MEMB 4 21 " TO 26 

"· UNB 237.6 MEMB 4 21 2) TO 26 

77. UNT 231.4 MEMD 4 7.1 23 TO 2G 

78. CH8CK CODE ALL 

(': \llsers\bcookJ\Desktop\HRPT Pile Check\Lateral\Pier Sl1ed\P1e1· Shed Severe Piles Pier Shed\Load Case J\Pier40 lndividu.; 



Tuesday, May 06, 2014, 04:21 PM 

S'T'AAD SPACE PAGE NO. 

STAAD.Pro CODE CHECKING - {AISC 9TH EDITION) vl.O 

ALL UNITS ARE KIP INCH (UNLESS OTHERWISE Noted) 

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/ 
FX MY MZ LOCATION 

=~,•••~=m======•======5======•====scm••=============:::::=~••••==::~==~ 

ST HP14X89 (AISC SF.CTlONSJ 
PASS AISC- Hl -3 0.211 

0 . 00 1' 0.00 59:,. 00 0 . 00 

ST MlDAVG {UPT) 
PASS AISC- Hl -3 0 .J21 

0 . 00 T 0. 00 ·3]1 .27 63 .00 

8 ST Ml DA-VG (UPT) 
PASS AISC- Hl - 0. 3'2 

0 .00 T 0.00 3 :,3. 32 9 . 00 

' ST TOPAVG (UPT) 

PASS AISC- Hl -3 0. 444 

0 .00 T 0.00 · 4 93 . 00 ,, . 00 

20 ST MUDLINEAVG {UPT) 
PASS AISC- Hl· 0 090 

0 . 00 T 0.00 176 .89 . 00 

21 ST MUDLlNEAVG (UPT) 
PASS AJSC· Hl · 0 .070 3 

0 .00 T 0.00 - 13 7. 38 so .82 

22 ST MUDLlNEAVG (UPT) 

PASS AI8C- HJ . 3 0. 03 7 

0 .00 T 0.00 n. 14 0 . 0(1 

23 ST MUDLlN!i:i"IVG (UPTt 

PASS l\ISC- HI - 3 .123 

0 . 00 T 0.00 · 242. 14 •12 . 7S 

" ST HPJ4X89 (AISC SECTIONS) 
PA.SS Al SC· HJ- 0. "' 00 T 0.00 506 . 78 0 . 00 

25 $1" HP14X89 {AISC SECTIONS} 
PASS J\ISC- Hl - 0. 148 

0 . 00 T 0.00 4]8 . 57 0 . 00 

26 ST HP1'<X89 lAISC SECTIONS) 

PASS A.lSC HJ 3 0. 111 

. 00 T 0. 0(1 3 3 0. 35 0 .00 

l9. L(}AD LIST 
BO. FINISH 

(':\Users\bcookJ\Vesktop\HRPT Pile Check\Lat.eral\Pie1· Shed\Piei Shed Severe Piles Pier Shed\Load case J\Pier4o Indivjdu., 



STAAD SPACE -- PAGE NO. 

····~······ END or, THE S'I'AAD.Pro RUN .......... .. 

•••• DATE= APR 30,2014. TIME= 13:31:44 **** 

For questions on STAAD.Pro, please contact 
Bentley Systems or Partner offices 

'l.'elephone Web I Email 

USA •l (714) 914-2500 

UK . " (0) 808 101 9246 

SINGAPORE • 65 6225-6158 

FRAN CF. •33 IOI 1 552384 00 

GE:RJ.'.ANY '" 0931 40468 

INDiii. •91 ( 033) 4.006-2021 

JAPAN •81 (03)5952-6500 http://www.ctc-g.co.jp 

CHINA ~·86 n 6288 4 04 0 

THAILAND ,66 (0)2645-1010/19 partha.p@reiaoftwareth. 

Worldwide http://selectservices.bentley.com/en-US/ 

corn• 

Tuesday, May 06, 2014, 04:21 PM 

C:\Users\bcookJ\Desktop\HRPT Pile Cl1eck\Lat~ral\Pie1 Shed\Pier Shed Severe Piles Pier Shed\Load Case J\Piei-40.Individuo 



Tuesda y, Ma y 06 , 2014, 

PAGE NO. 

.......•.•............•.•...... ..................... 

STAAD . Pro vai SELECTse rie s 4 

Versi o n 20 . 07 . 09 . 31 

Proprietary Program o f 
Bentle y Sy stems , Inc . 

Date = APR 30 , 2 014 

Ti me = 13 : 31: 3 

USER I D: CH2M HILL ..•..........•••..............•...•..••••........... 

l . STAAD S PACE 
I NPUT F'll ,E : P i er40_l n d i vidual _ Bending __ Pier She.tl_ l ,CS . S'J'D 

2. START JOB INFORMATION 

3 . ENGINEER DATE 12 - MARCH- 2 0 14 

4 . END J OB I NFORMATION 

5 . I NPUT \'IIDTH 79 

6 . UNIT FEET KIP 
7 . J OI NT COORDINATES 
8. 4 O O 0 ; 5 0 12 O; 0 2 6 .2~ O; 8 0 31.!, O; 9 0 32 . 2S 0 ; 10 0 37 0 
9. l S U 19 . 79"/~ 0 ; 16 Ct 22 . 687; 0 ; I I O !S . S6~; 0 ; l B O 3 0 ; 19 0 h 0; 2 0 0 9 O 

l O. MEMBER INCi DENCES 
11. 4 4 18 ; 7 1 8 ; 8 8 9; 9 ~ 10 ; 20 7 16 ; 2 1 J S 17 ; 2 2 16 J~ ; 23 17 •, ; 21 18 19 

12. 2S 19 20 : 26 20 ~ 

13 . START USER TABLE 

15. TABLE 2 
1 6. UNIT INCIIE:S KIP 
1 7. WIDE: ~'LANGE 

18. TOPAVG 
1 9 . 1 3.329 9 13.8 0 . 398 1 4. 7 0. 2 74 4 45.6 8 6 1 45.1 3 1 0.4 8008 4 5. 4 924 B.0556 

20 . MTDAVG 
21 . 11.54 7 1 1 3 . 8 0.27 14 .7 0.27 ] 11 7 . 059 14 3. 4 95 0.28203 3. 7 2 6 7 . 9674 

22. MUDLI NEAVG 
2 3 . 18. 6 203 1 3. 8 0.47 1 1 4 .7 0 . 4 25 64 4 .601 225 .11 8 1 .2091 1 6.527 4 12 . 495 

25 . END 
26 . UNIT FEET KI P 
2 7 . DEFlNE MATER I /\l, ST ART 

28. ISOTROP I C STBEL 

29. E 4 .1 76E+006 

30. POISSON 0 . 3 

31. DENSITY 0. 4 89024 
32 . Al,PHA 6.SE-006 

33 . DAMP O. 03 
34 . END DEFINE MATER l AL 

15. UN I'l' INCHES Kl P 

36 . CONSTANTS 
3 7 . BETA O MEMB 8 9 

38 MATERI AL STEEL ALL 
39 . MEMBER PROPERTY AMERl C/IN 

40. 9 UPTABLE 2 TOPAVG 

-e.- <;/!( 

l~~IGJ1/ 

~! Dill I 

04 : 21 PM 

c , \ Use.-s\bcookJ \ Desktop\ flRPT Pil e Cl1e ck\La t e 1·aJIPi e r Sh ed\Piec Sh ed Severe Pil es Pi e r Sh ed \ Load Case S\ Pier ~O Tnd ividuo 



STAArl SPACE 

42. 20 TO 23 UPTABI.E 2 MUDLINEAVG 
43. MEMBER PROPERTY AMERICAN 
44. 4 24 TO 26 TABLE ST HP14X89 

45. MEMBER PROPERTY AMERICAN 
46. 7 8 UPTABLE 2 MIDAVG 
47. SUPPORTS 

48. 4 10 PINNED 

49. LOAD 3 LOADT'IPE WIND TITLE WIND (MAJOR AXIS) 
50. JOINT LOAD 
51. 4 MZ 595 

52. 10 MZ 493 
53. LOAD 5 LOADTYPE li'LUIDS TITLE CURRENT (MAJOR AXIS) 
54. JOINT LOAD 
55. 4 MZ 49.2 
56. 10 MZ 75.6 

57. •MEMBER LOAD 

58. •·1 8 20 TO 23 UNI GZ 0.00157 

59. LOAD 7 LOADTYPE WIND TITLE WAVE (MAJOR AXIS) 
60. JOINT LOAD 
61. 4 MZ 458 .4 

62. 10 MZ 35::1.2 

63. I.DAD COMB 6 HRPT LOi\D CASF. 5 
64. 3 0.714 5 0.714 7 0.714 

65. PERFORM ANALYSIS 

PROBLBM 

NUMBBR OF JOINTS 
NUMBER OF PLATES 
NUMBBR OF SURFACES 

S T A T I S T I C S 

12 NUMBER OF MEMBBRS 
O NUMBER OP SOLIDS 
O NUMBER OP SUPPORTS 

SOLVBR USED IS THB IN-CORE ADVANCED SOLVER 

11 

0 

2 

PAGE NO. 

TOTAL PRIMARY LOAD CASES 3, TOTAL DEGREES OF FREEDOM• " 
'''IIIU-:tiitV- !, 11.-~.' ·• I' ,fl 

PROBABLE CAUSE SINGULAR·ADPING WEAK SPRING 

K·MATRIX DIAG: 6.54248668~02 L-MATRJX DIAG= ·l.7053026E-13 EQN NO 35 
,"JI : 1, • .., ' ',_I- 1 1•) 

66. PARAMETER 1 

". CODE AISC 
68 FYLD 36 ALL 
69. LX 206. 4 MEMB 7 '1'0 SI 20 22 

·10. UNB 206.4 MEMB 7 TO 9 20 22 

n UNT 206.4 MEMB 7 TO 9 20 22 

'12. LX 237.6 MEMB 4 21 23 TO 26 

'3. UNB 237.6 MEMS 4 21 2J TO 26 

Tuesday, May 06, 2014, 04 ,21 PM 

2 

C: I Users \bcookJ \Desktop\HRPT Pi le C:-heck\Lateral \Pier Shed\Pier Shed Severe Piles Pier Shed\I .. oad case s \ Pier4 o Indi vidu.s 



S'i'AAD SPACE 

·14. UNT 23'1.6 MEMll 4 21 23 TO 26 

·1s CHECK CODE ALL 

Tuesday, May 06, 2014, 04 :21 PM 

PAGE NO. 

(', \U.sers\bcoo.kJ\Desktop\HRPT Pile Check\Late1·a1 \P1e1· Shed\P1er Shed Severe Piles Pier Shed\Lodd C'ase 5\Pier40 lndividue 



STAAD SPACE PAGE NO. 

STAAD.Pro CODB CHBCKING - (AISC 9TH BDITION) 

ALL trnlTS ARE · KIP INCH (UNLESS OTHERWISE Noted) 

MEMBER TABLE 

ST HP14X89 

ST MIDAVG 

8 s,· MIDAVG 

' ST TOPAVG 

20 ST MUDLlNEAVG 

21 ST MUDLlNE:AVG 

22 ST t,flJflLlNEAVG 

;:3 ST t-KJDl,INEAVG 

24 s·r HPl•\X89 

" ST HP14X89 

26 ST HP14X89 

"16. LOAD LIST 

77. FINISH 

RESULT/ 
FX 

PASS 

0.00 T 

PASS 
o. oo ·r 

PASS 

0. 00 T 

PASS 

0. 00 T 

PASS 

0 . 00 T 

PASS 

0 .00 T 

PASS 

o. 00 T 

PMS 

o. 00 T 

PMS 

0 . 00 T 

PASS 

0 . 00 T 

PASS 

0 . 00 T 

CRITICAL COND/ 
MY 

RATIO/ 
HZ 

{AlSC SECTIONS) 

AISC· Hl J 0 . 7.7 9 

0.00 "' 2G 
(UPT) 

AISC- Hl- 0 . 4 31 

0.00 -4 4 4 . 52 
{UPT} 

AISC- Hl- 3 0 .459 

0.00 -4 7 J .85 

(UPT) 

A!SC- Hl-3 0 594 

0.00 · 6S9. 59 
{UPT) 

AISC- Ill 
_, 

0 .122 
0. 0(1 2J' .22 

(UPT) 

AISC- Hl-3 0 .091 
(.I. 00 · l 78. ?O 

(UPT) 

AJSC· H1 · 3 . 051 
0.00 99. " (UPT) 

AISC· Hl 1 0. 162 

0.00 -318 . 01 
(AJSC SECTIONS] 

Al SC- Hl . J 0 .237 
0.00 669. 94 

(AISC SECTIONS) 

ll.ISC· Hl- J 0 .196 
0.00 552 .63 

(AJSC SECTIONS) 

AISC· Hl 0. 154 

Cl. 00 4 35. 3:t . 

LOADING/ 
LOCATION 

6 

0 . 00 

6 

63. 00 

6 

.00 

6 

57 .00 

6 

0. 00 

6 

50. 82 

6 

0 . 00 

6 

" 75 

6 
0 . 00 

6 
0 . 00 

6 

" .00 

Tuesday, May 06, 2014, 04:21 PM 

4 

vl. 0 

c, \Users \bcookJ \D~sktop\HRPT Pile Check \L,a tera l \P1er Shed\Pi~r Shed Severe Piles Pier Shed\Loa.d C'as~ s \Pier•l o Indi v.1du,,; 



Tuesday, May 06, 2014, 04:21 PM 

S1'AAD SPACE PAGE NO . 

............... F.ND or THE ST{,AD.Pi-o RUN ............ . 

**** DATE= APR 30,?.014 TIME"' 13:31: 3 *'*' 

Por questions on STMD. Pro, please cont:act: 

Bent.ley Systems or Partner offices 

Telephone Web I Emai 1 

USA ,1 ( 714) 974.-2500 

UK "' IO) 808 101 924 6 

SINGAPORE •65 6225-61 Sil 

PRANCE "J (0) 1 5S231l400 

GEHMANY ~4 ') 0931 40468 

INDIA ,91 (033) 4006-l02l 

JA~·AN •Bl (03)5952-6500 hr:t.p; //w-.,,...,. c:tc -g .co. jp 

CHINA ,86 21 6288 4040 

THAILAND '" (Q)2645·l0lll/19 part ha. p@reisot t.wareth. corn• 

1-iorldwide http:/ /sclecl services .bent ley. com/en - IJS/ 

c, \llsers\l.JcookJ\Desktop\HRJ'T Plle Check\Lateral\f'ier Shed\Pier Shed Severe Piles Pier Shed\Load Case 5\Pier40_1ndividuo 



STAAD.Pro V8i SELECTseries4 

Version 20.07.09.31 

Proprie t ary Program of 

Bentley Systems, Inc. 

Date• APR 30, 201 4 
Time• 13 : 36:35 

USER ID: CH2M HILL 

PAGE NO. 

************************************** ** **********A' 

1 . STAAD SPACE 
INPUT F ILE: Pier40_ Jndi vidual_Bendi ng_ Pier Shed_ LCS . STD 

2 . START J OB INFORMATION 
3. ENGINEER DATE 12-MARCH- 2 014 

4 . END JOB INFORMATlON 

5 . INPUT WIDTH 7 9 

6. UNIT FEET KIP 
7 . JOTN'f COORDINATES 
8 . 4 O O O; !.> 0 12 0 ; 7 0 26 . 2 , 0 ; 8 0 11.5> 0 ; 9 0 3:1. 2 ', O; J O O )"IO 

Tuesday, May 06, 2 01 4, 01,,10 PM 

1 J.,10 - iL >/I'{ 
( ~1 fv\ vJoA· I 
. l t/ &/ly 

9 . l~ O 20 . 401 ~ 0; 16 0 22 . 687!:> 0 : 17 0 1S . S62 , 0 : 18 0 3 O; 19 0 b O; 2 0 0 ~ 0 

10 . MEMBER I NCIDENCES 
1 1. 4 4 18: 7 7 8: 8 8 '-J : 9 9 JO ; 20 7 16 ; 2 1 15 17 ; 2?. 16 lS ; 2 3 1 l S : ?.4 18 19 

I ? . 2, 19 20 ; 26 20 ~ 

1 3 . START USER TABLE 

1 5 . TABLE 2 

1 6. UNI T INCHES KJP 
1 7. WlDE FLJ\NC:F: 

1 8 . TOP 
19 . 1 3 .37.99 1 3.8 0.398 14 .7 0. 274 4 4 5 .686 14 5 .1 31 0 480084 5.4 92 4 8.0556 

20. MID 
21. 1 1 .5471 l] .8 0 . 27 14 . 7 0 . 271 41 7 .059 14 3 .49 5 0.282 0 3 3 . 726 7 . 967 4 

22. MUDLlNE 
23. 18. 6 2 0 3 1 3 . 8 0. 4 73 14. 7 0 . 42 5 64 4.601 22 5 .118 1 . 20 9 11 6 .527 4 1 2 . 4 95 

25 . END 
2 6 . UNIT FEET KJ P 
2 7 . DE FINE MATER I AL START 

28. I SOTROPIC STEEL 

29. E 4 . 176E+006 

3 0. POISSON 0.3 
31. DENSJTY 0.4 8 90 24 

32 . ALPHA 6. 5E -00 6 

33 . DAMP 0. 03 
34. END DEFINE MATERIAL 

35 . UNIT I NCHES KI P 

3 6. CONSTANTS 
37. BETA O MEMB 8 9 
38 . MATERIAL STEEL ALI, 

39. MEMBER PROPERTY AMERICAN 

40 . 9 UPTABLE 2 TOP 

c , \ Users \ bcookJ\Desk top \ HRPT Pil e Che ck \ Lateral \Pier Shed\Pi er Siled Sev ere Pi l es Pie r S/1ed\Load Case 8 \ Pier40_ 1"11dividuo 



STMD SPACE 

42. 20 TO 23 UPTABLE 2 MUDLINE 
43. MEMBER PROPERTY AMERICAN 
44. 4 24 TO 26 TABLE ST HP14X89 
45. MEMBER PROPERTY AMERICAN 
46. ? 8 UPTABLE 2 MID 

4?. SUPPORTS 
48. 4 10 PINNEO 
49. LOAD 4 LOADTYPE ICE TT1'LE IC!,; {MAJOR AXIS) 

50. JOINT LOAD 

51. 4 MZ 1146 
52. 10 MZ 861.6 
53. LOAD COMB -, HRPT LOAD CASE 8 
54. 4 0. 714 

55. PERPORM ANALYS1S 

PROBLBM 

NUMBER OF JOINTS 

NUMBER OF PLATES 
NUMBER OP SURFACES 

STATISTICS 

l2 NUMBER OF MEMBERS 
O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVBR USED IS THE IN-CORE ADVANCED SOLVER 

11 
0 

2 

PAGE NO. 

TOTAL PRIMARY LOAD CASES .. l, TOTAL DEGREES OF FREEDOM: 66 

, • •:·,•1,.PrJJ r,1·; !N.'-IJ,t•ll.1'• Ai '·•Tl~• ''·!·_ 11 "' 
PROBABLE CAUSE SINGULAR-ADDING WEAK SPRING 
K-MATRlX D]AG= 7.2487886E+02 L·MATRIX DIAG= 5.6843419E 14 EON NO 35 

". PARAMETER 1 
57. CODE A.ISC 
58. FYLD 36 ALL 

$9. L01ill LIST 
60. PARAMETER 2 

6J. CODE AISC 
62. LX 244. 8 MEMB • 21 23 TO 26 

". UNB 244.8 MEMB 4 21 23 TO 26 

". UNT 244.8 MBMB 4 21 23 TO 26 

". LX 199. l MEMB 7 '1'0 9 20 22 

66. UNB 199.l MEMB 1 1'0 ' 20 22 

67. UNT 199. l MEMB 1 TO ' 20 22 

68. CHECK CODE ALL 

Tuesday, May 06, 2014, 04:40 PM 

c, \Users \bcook3 \Desktop \IIRPT Pile Check \Lateral \Pier Shed\ Pi er· Shed Severe Piles Pi er Shed\Load Case 8 \Pi er·40 Indi vi du<> 



Tuesday, Mc:ly 06, 2014, 04:40 PM 

STAAD SPACE PAGE NO. 

STAAD.Pro CODE CHECKING - {AISC 9TH EDITION) vl.O 

ALL UNITS ARE - RIP INCH (UNLESS OTHERWISE Noted) 

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/ 
PX MY HZ LOCATION 

::::::zca~cccc:::::c•s====c•~======•==c~c•c•~c========c=Dcmm~~========= 

ST HP14X89 (AISC SECTIONS) 

PASS AISC- HJ -3 0 _406 

0 .00 T 0,00 114G 00 0. 00 

ST MID (UPT) 

PASS ATSC- Hl-3 0 . 546 4 

0 . 00 T 0.00 -563 .17 63. 00 

8 ST MTD (UPT) 

PASS AISC- Ill - 3 0 .585 

0. 00 T 0.00 -603. 87 9 00 

9 ST TOP (UPT) 
PASS AISC- Hl <l 0. 7 76 

0 00 T 0.00 -861.60 57.00 

20 ST MUDLINE (UP1') 

PASS AISC- Hl- 0 .142 ' 0 .00 T 0.00 278 - ] J 0. 00 

21 ST MUDLit,.'E (UPT) 

PASS Ar SC· Hl • 3 o. J 54 

. 00 T 0.00 -301 . 59 ;a_ 1' 

" ST MUDLINE (UPT) 
PASS SHEAR -Y 0. O<B ' 

O. 00 T 0.00 85. OJ 0 .00 

23 ST MUDLINE (UPT) 

PASS A.TSC· Hl-3 0 .2~2 • 
0 . 00 T 0.00 -4 94 .89 42. 75 

24 ST HP14X89 (AISC SECTIONS) 

PASS A.lSC- Hl- J . 3'l a ' 
. 00 T 0.00 '" . " . 00 

25 ST Hl'l4XBCJ (AISC SECTIONS) 

PASS AISC- Hl-3 .2':11 • 
0 . 00 T 0.00 820 -" " . 00 

" ST HP14X89 {ATSC SECTIONS) 

PASS AlSC- Hl-3 0 23] • 
0. 00 T 0.00 6$7 . 66 0 .00 

" FINISH 

c, I users \bcookJ \Desktop\HRPT Pi 1 e Check \Lateral I Pier Shed\ Pi er Shed Severe Piles Pier St1ed\Loa.d Case B\ Pi er4 O _lridi v iduo 



ST.:\AI) SPACE PAGE NO. 

••••••••••• END OF THE STMD.Pro RUN••••••"'*"'"'' 

**** DATE~ APR 30,2014 TIME,, 13:36:36 •*'** 

For qllcations on STAAD.Pro, please contact 
Bentley Systems or Partne1 offices 

Telephone Web I Email 

USA 'l ( 714) 974-2500 

UK "' (OI 808 101 9246 

SINGAPORE .. , 622S-6158 

FRANCE ,33 (O) l 55238400 

GERMANY ;<9 09 31 4044'8 

INDIA ,91 ( O 3 3) 4006-2021 

JAPAN ,81 (03) 5952-6500 http: I /WWW. Cl-C -g .co. jp 

CHINA ,86 21 6288 4040 

THAil,AND ,66 l0)2G<l5-1018/19 part ha. p®rf' i soft:.wareth. 

Worldwide ht LP: I/ select.scrv .1.ces. bentley. com/ en - US/ 

com• 

Tuesday, May 06, 2014, 04;40 PM 

c·\UsE!rs\bcookJ\DesJctop\HRPT Pile Check\Latera]\Pier Shed\P.1.er Siled Severe Piles Pier Shed\Loi'i.d case B\l'ier4o Individuo 



Job No. _____ _ 

CH2MHILL.. Sheet No. __ 1-___ _ 

Job Name _Lt1.Lff-1f:__T,!___ ____ --r--- --::-------,,---- - - Date ----~--
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CH2MHILL~ Job No. ------
s heet No . _----=._J._ ___ _ 

Job Name H 'f.-p 7 f; r,~ Lj() Date ______ _ 

Subject fj NI (l (' v h I" L Occ./ /Jucf, I.,. f Computed By _ _/JC 5 /N _ 
______ 

7 
--,------,.,---- -

7 

_ ___ Checked By M\JJOY\[ Lf7J/fc( 
lr 

L OCv j tu< k/1 '/' 1 ,) 'ti 1 ''"<(ff"/ c2_ l-vr 1 
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/" r l NIJ) 1 <, , · ' · 

b = ·1. JS 11 
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CH2MHILL. Job No. -------
Sheet No. ______ _ 

Job Name f- · Date -----:-----

Subject ______,P....:::.5__,__,_!l!}~"'·'l-'fc::..:...1"__._(_, _,, __:.,_r. ..;_{ r.-=-' _, . , _ _ _______ Computed By ~ {Jc S/ f'f 
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STI\AD.Pro VSi SELECTseries4 
Version 20.07.09.31 

Proprietary Program of 
Bentley Systems , ~nc. 
Date= MAY 2, 2014 
Time= 11:55:19 

USER ID: CH2M HILL 

PAGE NO. 

...•.•..........•................................... 

1 . STAAD S PACE 
INPUT FlLE: Pier40_ I nd i v idua1 Column _Shed MaJor,S1'0 

2 . ST/\k'l' J OB lNFORMATION 
3 . ENGINEER DATE 12 - MARCH ·2014 

4 . END JOB INFORMATION 
5. INPUT WIDTH 79 
6 . UNI T FEET KIP 
7 . J OI NT COORDINATES 
8 . 4 O O O; S O l 2 0 ; 7 0 2 6 . ~ '.> 0 ; 8 () 3 1. S O; 9 0 J 1 . 2 ', 0 ; l O O 3'1 0 

Tuesday, May 06, 2014 , 12:02 PM 

/2 <;/1'1 

~;\,\.t/~~\ \ 

Y/ i/1°1 

9. 15 0 19. 125 0 ; 16 0 22 . 6875 0 ; 11 0 l ~ . '> 62 5 0 ; 16 0 0 ; J ~ 0 6 0 ; 20 0 9 0 

10. MEMBER INCIDENCES 
I !. 4 4 18 ; 7 7 8 ; 8 B 9 : ~ 9 10; 7.0 7 16; 2 1 l '> J7; 2 2 16 Vi ; ~3 17 ',; 2 4 18 l~ 

12 . 2'., 19 20 ; 26 .'0 '> 
1 3 . START USER TABLE 
14 . TABLE ?. 
15. UNIT I NCHES KlP 
16. WlDE F'U>.NGE 

17. TOP 
18 . 17. 8 923 1 3 . 8 0.4 41 14. 7 0. 114 625 . 635 219 . 273 l.06624 6 . 0858 1 2.1'716 

l 9. MID 
20. 10.4908 13 . 8 0. 286 14. 7 0.227 364 . 056 120 . 204 0.218702 3.94 68 6 . 673 8 

2 1 . MUDLJNE 
22. 20.733 1 1 3 . 8 0 . 478 14.7 0.497 lJ0 . 417 26 3 . 2 3 9 1 . 66929 6.5961 11 . 611 8 

23. END 
24 . UNJT FEET KlP 
25. DEFINE MATERIAL START 
26 . I SOTROPIC ST EEi, 

27. E 4 .1 76E, 006 
28. POISSON 0 . 3 
2 9 DENSITY 0 .4 89024 
30 . ALPHA 6 . 5E · OOG 
31 . DAMP 0.03 
32 . END DEFINE MATER TAL 

33 . UNIT INCIIES KI P 
34 . CONSTANTS 
35 . BETA O MEMB 8 9 

36. MATERIAL STEEL ALL 
37. MEMBER PROPF.RTY AMERT CAN 
38 . 9 UPTABLE 2 TOP 

c, \Users \bc;:ook J\Desk t op\ HRPT Pile Check\Ax i al\Pier S/1ed\ Najor l'il e\Pier4 0_Individual Co1umn_Shed Najo r-.a nl g e 1 of 4 



S1'AAD SPACE 

39. *9 UPTAHLE 2 50%PJ1,E 

40. *9 UPTAFlLE 2 .33\'PILE 

11. *9 UPTA.BLE 2 50\FLG12 

42. '7 B UP'fADLE 2 MID 
43. 20 TO 23 UPTABLE 2 MUDLINE 

44. MEMBER PROPERTY AMERICAN 

4~. 4 34 TO 26 TABLE ST HP14J<89 

46. SUPPORTS 

41. 4 FIXED 

48. 10 PIXED BUT FY 

49. MEMBER RELEASE 
50 9 END MPY 0.5 MPZ 0.5 

51 LOAD 1 LOADTYPE DEAD TITLE DEAD+\'IEARING SURF'ACE 

52. JOINT LOAD 

53. 10 FY -169.2 
54 PERFORM BUCKLING ANALYSIS MAXSTEP 200 

p R O B L B M s T A T I S T I c s 
------------- ----------------------

NUMB BR OF JOINTS 12 NUMB BR OF MBMBBRS 

NUMB BR OF PLAT BS 0 NUMBER OF SOLIDS 

NUMBER OF BURFACBS 0 NLJMBER OP SUPPORTS 

SOLVBR USBD IS THE IN-CORB ADVANCED SOLVER 

l1 
0 

' 

TOTAL PRIMARY LOAD C~SES 1, TOTAL DEGRBBS OF FREBDOM 

Tuesday, May 06, 2014, 12:02 PM 

PAGE NO. 

61 

c:\Usors\bcookJ\Desktop\HRPT Pile Check\Axial\Piei· shed\Ma.jor P.i1e\Pier40_.Indi\•idual_colunm S/1ed f-!ajor.anlge i of 4 



STM.D Si>ACE 

MODE 

1 

' 
' 

55. FINISH 

Tuesday, May 06, 2014, 12:02 PM 

· · PAGE NO. 

Cl\.LCUI.l\'fED BUCKLING FACTOHS FOR LOAD CASE 

BUCKLING FACTOR 

. 2 )85':l 

H .15484 
;q .-10278 

;).9 . 36014 

*'*** DATE< MAY 2,2014 TIME= 11:55:19 **** 

C·".Uscr.<::\bcookJ\De.sktop\HRP'r Pllt.' Check\AxiaJIP1ei- Shcd\Majoi Pile\Pier40 Tndividuc1l_Column_Shcd Major.c1nlge J of~ 



STA.AD SPAC8 

For quest.ions on ST!t.AO.Pro, please contact 

Bentley Systems or Partner offices 

Telephone Web I Email 

USA " (714) 974~2500 

UK ... {OJ 808 101 9246 

SlNGAPORE +65 G225·6158 

FRANCf, •33 (OJ 1 55238400 

G£RMANY •'9 0931 4 0468 

lNDIA • 91 (0)3} 4006-2021 

PAGE NO, 

JAPAN • 81 (OJ) 5952-6500 In: tp: I /www. ctc-g. co. jp 

CHINA '" 21 67.88 404.0 

THAI I.AND .,, (0)2645-1018/19 part.ha. p@rcisof twareth com' 

Worldwide http: I /sclects~rv ices .bentley. com/en - US/ 

Tuesday, May 06, 2014, 12,02 PM 

c, \ User·s\bcookJ \Desktop\HRPT Pi 1 e Check \Axial\ Pier Shed \Major Pile \Pi er-40 Ind:i vi dual Column Shed Majoi . anl ge 4 of 4 



Tuesday, May 06 , 2014 , 04:22 PM 

STAAD.Pro V8i SELBCTseries4 

Version 20.07.09.31 
Proprietary Program of 

Bentley Systems, Inc . 

Date ~ APR 30, 2014 

Time= 14: 59: 6 

USBR ID : CH2M HILL 

PAGE NO. 

········••••············•··························· 

1. STAAD SPACE 
INPUT FILE: Pier4 0 _Individua l _ Bending_ Pier Shed_LC9.STD 

2. START JOB INFORMATION 
3 . ENGINEER DATE 12 · MARCH · 2014 

4. END JOB [NFORMATlON 

5 . INPUT WIPTII 79 

6. UNIT FEET KJP 
7. JOINT COORDINATES 
8 . 4 O O 0; S O 12 0 ; 7 0 26 . ?5 0 ; 8 0 31.5 0; 9 0 )2 . 25 0 ; J O O 37 0 

111} 

c~. 
,t '>/fL{ 

\,~\J /tfa \ 
v\/ ~ / \ l \ 

9 . 1!:i o 19. 79 7~ o; 16 o 22 . &e ·,~ o: 11 o 1s .,62~ o; 1s o 3 o; 19 o 6 o , 20 o q o 

1 0 . MEMBER INCIDENCES 
11. 4 4 I R; 7 7 8; 8 8 9 ; 9 9 JO; 20 7 16 ; 21 1 ', 1·1 ; 2 2 1 6 15 ; 2 3 17 '); 2 4 18 19 

\2 . 2!.> 1 9 20 ; 26 20 S 
13. START USER TABLE 

14 . TABLE 2 
15 . UNIT INCHES KI P 
16. WIDE FLANGE 

17 . 

18 . 
19. 

20. 
2 1 . 

2 2 . 

TOP 
17 .8923 

MID 
10 .2505 

MUD L INE 
20. 7331 

23. END 

13 . 8 0.441 

13 . B 0.268 

n .s 0.478 

24 . UNIT FEET KI P 

14 . 7 

14 . 7 

14 . 1 

25. DEFINE MATERI AL START 

26. ISOTROPIC STEEL 

27. E 4.1 76E+006 

28. POISSON 0 . 3 
29 . DENSITY 0.489024 

30. ALPHA 6.SE- 006 

ll . DN~P 0.03 
32 . END DEPINE MATERIAL 

33. UNIT I NCHES KIP 

34 . CONSTANTS 
35. BETA O MEMB 8 9 
36. MATERIAL STEEL ALL 

0 . 114 

0. 227 

0. 4 97 

37. MEMBER PROPERTY AMERICAN 

38. 9 Ul'TABLE 2 TOP 

625.63 5 21 9 . 273 1. 06624 6.0858 12 . 1 716 

360. 4 9 120.2 0 .200263 3.6984 6 . 6738 

730 . 417 263 . 2 39 1 . 66929 6. 5964 1 4 . 6118 

c, \Users\bcookJ\Desktop\ HRPT Pile C/1eck\La.tera1\Pier Sh ed\Pie, Shed Major Piles Pier Shed\Load Case 9 Ok\Pier40_lndivic 



STAAD SPACE 

40. 20 TO 23 UPTABLE 2 MUDLINE 
41. M~MBER PROPERTY AMERICAN 

42. 4 24 TO 26 TABLE ST HP14XB9 

43. MEMBER PROPERTY AMERICAN 
44. 7 8 UPTABLE 2 MID 

45. SUPPORTS 

46. 4 10 PINNED 
4/. LOAD 3 LOADTYPE WIND TITLE WIND (MAJOR AXIS) 

4 B. JOINT LOAD 
49. 4 MZ 595.2 

SO. 10 MZ 463.;! 
51. LOAD 4 LOADTYPE ICE TITLE ICE (MA.:JOR AXIS) 

52. JOINT LOAD 
53. 4 MZ 1146 

54. 10 MZ 861.6 
SS. LOAD 5 LOADTYPE FLUIDS TI'l'LE CURRENT (MAJOR AXIS) 

56. JOINT LOAD 
51. 4 MZ 75.6 

SB. 10 MZ 49.2 
59. LOAD COMB 9 HRPT LOAD CASE 9 

60. 5 0.67 3 0.67 4 0.67 

61. PERFORM ANALYSIS 

PROBLEM 

NUMBER OF JOINTS 

NUMBER OF PLATES 
NUMBBR OF SURFACES 

S T A T 1 S T 1 C S 

12 NUMBER OF MEMBERS 
O NUMBER OF SOLIDS 

O NUMBER OF SUPPORTS 

SOLVER USED IS THE IN-CORE ADVANCED SOLVER 

11 
0 

2 

-- PAGE NO. 

TOTAL PRIMARY LOAD CASES 3, TOTAL DEGREES OF FREEDOM 66 

• ••\<,'}.;RH l ~!• · , N~ f.',i·,i 1 1 i; ts'r ,,11 rn j· M'· 

PROBABLE CAUSE SINGULAR-ADDING WEAK SPRING 

2 

K-MATRIX DIAG= 9.0325176E+02 L-MATRIX DIAG; 1.13686B4E 13 EQN NO 35 
,T f ·.:1, 'I'~ ,·. !I 

62. PARAMETER 1 
63. CODE AISC 

64. FYLD 36 ALL 

65. LOAD LIST 

66. CHECK CODE ALL 

Tuesday, May 06, 2014, 04:22 PM 

c, \ users\bcookJ \Desktop\ffRPT Pi le Check \Lateral \Pi er Shed\ Pi er Shed Major Piles Pier Shed\Load C'ase 9 Ok \Pi er4 o _ Indi vie 



STAAD SPACE - - PAGE NO. 

STAAD.Pro CODE CHECKING - {AISC 9TH EDITION) vl.O 

ALL UNITS ARE - KIP INCH (UNLESS OTHERWISE Noted) 

MEMBER 

9 

20 

21 

" 

23 

" 

" 

2& 

6'1. 

" 
" 70 

" n 
7 ~ . 

" 75 

TABLE 

ST HP14X89 

ST MID 

s·r M!D 

ST TOP 

S1 MUDLINE 

ST MUDLINB 

ST MLJDL1Nf. 

ST MUDLlNE 

ST HP14X89 

ST HPl4X89 

ST HP14X89 

PARJ\.Ml::TER 2 

CODE AlSC 

RESULT/ 
FX 

PASS 

0 00 T 

Pl\SS 

0. 00 T 

PA.SS 

0 . 00 T 

PASS 

0. Oo T 

PASS 

0 . 00 T 

PIGS 
.{)() T 

PIGS 
[• 00 T 

PASS 

.uo T 

PASS 
. 00 T 

SIGS 
. 0(1 T 

PASS 

o. 00 T 

CRITICAL COND/ 
MY 

RATIO/ 
MZ 

(AISC SECTIONS) 

AISC· Hl- 3 0 . 400 

0.00 1217 . 26 
( UPT) 

AISC- Hl -3 0 .771 

0.00 -602. 79 
(UPTI 

1\ISC- Hl - 3 0 . 82'/ 

0. 0(1 · 646 .13 

(UPTl 

AISC- Hl-3 0. 488 

0.00 -920.58 

(UPT) 

AISC- Hl- 0 .128 
0. Q(I 299. 45 

(UPT) 

AISC- HJ-3 0. 136 

0. (10 318. 06 
(UPT) 

SBEAR .y 0 . 0 51 

0.00 93 .6l 

(UPTl 

AJSC- Ill . 3 0 .27.4 

0.00 -523.90 

(/\lSC SECTIONS) 

AISC· Hl . 3 . 34 3 

0 00 l 04 3 . " (AISC SECl'lONS) 

A.ISC· Hl 0 .286 
0.00 870 . 58 

( Al SC 5RC'1'10NSJ 

A.JSC· Hl 3 0 .229 
u. ()(I 697 . 24 

u 2!l6 MEMH 7 TO ' 20 22 

UNB 206 MEMB 7 TO , 20 ;,.2 

UNT 206 MEMB 7 TO 9 20 2?. 

LX 23 "I. 58 MRMB ' 21 23 TQ " UNB 23 ·1. 58 ME:MD ' 21 23 TO 26 

UNT 237 . SB MEMO 4 7.1 23 TO 26 

F'INISH 

LOADING/ 
LOCATION 

9 

0 . 00 

9 

63 . Oo 

9 

9 .oo 

' s, . 00 

9 
0 . QI) 

9 

~o. 82 

9 

0. 00 

9 
4;.; . 7 5 

9 

0 00 

9 

0 00 

9 

0. 00 

Tuesday, May 06, 2014, 04:22 PM 

C:\Users\hcookJ\Desktop\HRPT Pile Check\Lateral\Pier Shed\Pir-z- Shed M<1jor Piles Pier Shed\Load Case 9 Ok\P1er,10_Indivic 



STAAD SPACE PAGE NO. 

**** DATE~ APR 30,2014 TIME• 14:59: 6 **** 

For questions on STAAD.Pro, please cont.act 

Bentley Systems or PartneY offices 

Telephone Web I Email 

USA '1 (714) 974-2500 

UK ... (OJ aoa 101 9246 

SINGAPORE ·65 6225-6158 

FRANCE •33 ( 0) 1 55238400 

GERMANY "' 0931 40468 

INDIA ,91 { 03 3 l 4006-2021 

JAPAN •81 (03)5952-6500 http://www.ctc-g.co.jp 

CHINA •" 21 6288 '1040 

THAIT .AND •66 (0)2645-1018/19 partha.p~reisoftwareth. 

Worldwide http://selectservices.bentley.com/en·US/ 

com* 

Tuesday, M'ay 06, 2014, 04.-22 PM 
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PAGE NO . 

.................................................... 

STAAD.Pro VBi S8LECTseries4 
Version 20.07.09.31 

Proprietary Program of 
Bentley Systems, Inc. 
Datea MAY 2, 2014 

Time= 12: 6:55 

* USER IO: CH2M HILL .•••...••••.....••..••.•.••......••.•••.•........•.. 

1. STAAD SPACE 
TN PUT PILE· Pi er40_Indi vi dual Colunm_Shcd ~eYat:e . .s~·o 

2 . START JOB INFORMATION 
3. ENGINEER DATE J 2 · MARCH· 2014 
4. END JOB INFORMATION 
5 . I NPUT WIDTH 79 

6. UNIT Fl>E'l' KIP 
7 . J OINT COORDINATES 
8 . 4 O O 0 : 5 0 12 0 : 7 0 26. 25 0 ; B O 31. 5 O; 9 0 32 . 2~ 0; 10 o 11 O 

Tuesday, May 06 , 201 4, 11:53 AM 

9 . l o O 19 .1 25 0 ; HO 2 2 . 68 "15 O; 17 0 1, . 5 625 0 ; 18 0 3 (1 ; J 'J O 6 0 ; 20 0 o O 

1 0 . MEMBER INCIUENCES 
Jl. 4 4 l ll ; 7 ·1 8 ; 8 8 9 ; ~ 9 10; ?O 7 lb ; ~ I '. ~ 17 ; ??. 1 6 15; 2 1 17 5 ; 2 4 l 8 19 

12 . 2~ 19 20; 26 20 S 
1 3. START USER TABLE 
14 . TABLE 2 

15 . UNIT INCHES KIP 
16 . WIDE FLANGE 
17, 'l'OP 
18 . 19. 26 5 7 13.8 0.448 14. 7 0.459 680.495 24 3 .1 01 1 . 33378 6 .1824 13.4946 

19. MID 
20. 12.9345 13 . 8 0.2 57 14 .7 0.)25 482 .52) 172.08 0. 4 1082 1 3.54 66 9.555 

21 . MUDLlNE 
22. 20.82 7 1 3 . 8 0 . 4 72 14.7 0.50) 136.36 266. 4]1 1 . 69563 6 . 5 13 6 14. 7 882 

23. END 
2 4. UN IT FEET KIP 
2 5. DEFINE MATERl I'll, S'l'ART 
26 . ISOTROPIC STEEL 
2 7 . E 4 .1766+006 

28. POISSON 0.3 
29 . DENSITY 0.48 9024 
30 . ALPHA 6 . SE · 006 

31. DAMP 0.03 
32 . END DEFINE MATERIAL 
33. UNIT INCHES KIP 
J4 . CONSTANTS 
3$ . BETA O MEMB 8 9 
36 . MATERIAL STEEL ALL 
37. MEMBER PROPERTY AMERICAN 
38 . 9 UPTABLE 2 TOP 

C:\ Users \bcookJ\Desktop\HRPT Pile Clieck\Ax ia l\Pier Sh e d \ Noderate Pile\ Pier40 Individual _Column_Shed Moderate.anlt 4 



ST..\AD SPACE 

39 •9 UPTAlH,E 2 50\PJLE 

4C •9 UPTABLE 2 33\PJi,F. 

41. *9 UPTABLE 2 ",O\FLG12 

4 /.. -1 8 UPTAELE /. MID 

43. 20 TO ;.>.1 UPYABLE /. M.UDl,INE 

44. MEMBER PROPERTY AMERICAN 

4S. 4 24 TO 26 TABLE S'l' HP14X89 

4 £. SUPPORTS 

47. 4 FIXED 

4 e. 10 FIXED BUT FY 

49. MEMBER RELF.AS~ 

50. 9 END Ml?'i 0.S MPZ O 5 

51. LOAD 1 LOAD1'YPE DE1ill TI'l'LE DEAD-tWEARING SURFACE 

5;:. JOINT LOAD 

5~- 10 FY -169.2 
54. PERF"ORM BUCKLING ANAI.YSiS MAXSTEP 200 

PROBLEM 

HUMBBR OF JOINTS 
NUMBER OP PLATES 

NUMBBR OF SURFACES 

S T A T J S T I C S 

12 NUMBER OF MEMBBRS 

O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER OSBD IS THE IN·CORE ADVANCED SOLVER 

11 
0 

2 

PAGF, NO. 

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FR.1!:BDOM z 61 

Tuesday, May 06, 2014, 11:.SJ AM 

C:\Users\bC'ook3\Deskt.op\HRPT Pile Chcck\Axial\Pier Slied\Mode1·are Pile\PieJ"40 1ndivJdua1 Column Shed Moderate.anlf,; 



Tuesday, May 06, 2014, 11 :53 AM 

STMD SPACE: PAGF. NO. 

CALCULATED BUCKLING FACTORS FOR LOAD CASE 

MODE BUCKLING FACI'OR 

8 6S05S 

2 16 36930 

n .0789S 

32 . 0844.l 

55. FINISH 

*********** !':ND OF THE STAAD.Pro RUN*********** 

**** DATE: MAY 2,2014 TIME~ 12: 6:S6 **** 

C· \U.,;crs \bcookJ \Desktop\ 1-/RPT Pile Check \AxJ al \P.u.•r Shed\Nodeca te Pi 1 e I Pier,l O _Individual_ Column_ Stied Moderate. anl f -1 



STI\AD SPACE: PAGE NO . 

• ;; ** •• * ................. ** •••••• ** •••••••••••• * * •••• t. *****. * ••••• 
For questions on ST/vill. Pro, plc>ase contact. 
~entley Syi:;terns or Partnei· offices 

Telephone Web ! Er11a1l 

USA +l (714) 974-2SUO 

UK +44 (0) 808 101 924 6 

SINGAPORE ,65 6225-6158 

FRANCE +33 '° I l 55238400 

GERr-w,JY .. , 09 3 J 4046ll 

IND1A + 91 ( 03 3) 4006-2021 

JAPI\N +81 (03)5952-6500 http: I /www. ctc-g. co. jp 

CHINA + BG 21 67.88 4040 

THA IlJ\ND +66 (0)2645-1018/19 partha. p'.!!'rei soft1.1a1·c::th. com• 

Worldwide ht.t.p: / / ~electservi ces. bentley. com/en. US/ 

Tuesday, May 06, 2011, 11:53 AM 

c, \ Use Ls \bcook3 \Cesk top\HRPT Pile \/1eck \!1X1,3l I Pier Shed \Moderate Pl le I Pi er4 Q _ Tndi v.1dual Col l1fl111_Shed Moderate. a:nJ I 4 
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PAGE NO. 

............••...•..•........................•....•. 

• 

STAAD.Pro VSi SELECTseries4 

Version 20.07.09.31 

Proprietary Program of 
Bentley Systems, I n c . 

Date= APR 16, 2014 

Time~ 14:38:19 

USER ID: CH2M HILL 

• 

·········•·········································· 

l . STAAD SPACE 
I NPU'l' FI LE: Pie r4 0_ I ndiv i dua l _ Co l umn_Shed Mi nor . 61'!1 

2 . START J OB I NFORMATION 
3 . ENGINEER DATE 1 2 - MARCH - 20 14 

4 . END JOB lNFORMATlON 
5 . INPUT WI DTH 79 

6 . UNI T FEET KI P 
7 . J OI NT COORDINATES 
a. 4 o o O; so 12 O; 1 o 2b . 2 5 O; 8 3i. '.• u; 9 o J2.?o o; 10 o J7 o 

Tuesda y, Ma y 06, 20 14, 12:02 PM 

fl ',/JL( 

y\.\1J, \ 

tYi/ ~ I\ L,) 

9 . 15 O 19. 12~ 0 ; 16 0 ?2 . 68"15 0 ; 17 0 15 .Sb? ~ 0 ; 18 0 O; 19 il 6 O; 20 0 9 O 

1 0 . MEMBER INCIDENCES 
1 J • 4 4 I~ ; 7 7 8 ; 8 8 9 ; 9 ') l O; ~ (J ·1 , 6 ; 21 l 5 l 7 ; ~ i 1 f, l !, ; 2 3 l l 5 ; "2 4 J 8 l ') 

12 . 2~ 19 20 ; 20 ~o s 
13 . START USER TABLE 
14 . TABLE 2 

15 . UNIT INCHES KI P 

16 . WIDE PLA.l-lGE 
17 . TOP 
18 21 . 5932 13 . 8 0 .4 83 14. 7 0 . 5 2 5 763.7 9 278 . 0 6 5 I . 89697 6 .6654 15 . 4 35 

19 . MID 
20. 1 0 . 8849 1 3.0 0. 32 2 14 .7 0. 22 4 36 7 .34 4 1 1 8 . 627 0 . 2 5 8 737 4.4 4 3 6 6 . 58 56 

2 1 . M1JDL1NE 
2 2. 2 0 4 5 31 13.8 0 .4 85 14 . 7 0 . 484 7 1& . 458 2 5 6.362 1. 5 99 1 6. 693 14. 2296 

23 . END 
24. UN lT FEET KI P 
25 . DEFINE MATERIAL START 
26. I SOTROPI C STEEL 
2 i . E 4 . 1 76E+006 

28 . POJ SSON 0.3 
29 . OENSl TY 0 . 489024 
30 . ALPHA 6.~E -006 

3 1 . DAMP 0.03 
J 2 . ENO DEFINE MATERIAL 
33. UNIT INCHES KI P 
34 . CONSTANTS 
3 5. BETA O MEMB 8 9 
36. MATERIAL STEEL ALL 

37 . MEMBER PROPERTY AMERI CAN 
3 8 . 9 UPTABLE 2 TOP 

C: \ User.s\bcook 3 \ De sktop\ l-lRPT Pil e Che ck\llXi a l \ Pier Shed\ Mi n o r Pile \ Pi e r40_lnd i v idual Co l umn _Shed Mino r . a n lge ! of 4 



STMD SPACE 

39. 7 8 UPTABLE 2 MlD 

40. 20 TO 23 UPTABLE 2 MUDLINE 

41 MEMBER PROPERTY AMERICAN 
42. 4 24 'l'O 26 TABLH ST HP14X89 

4 3. SUPPORTS 

44. 4 FIJ<ED 

45. 10 FIXE:D BUT FY 

46. MEMBER RELEASE 

47. 9 END MP'i 0.5 MPZ O.S 

48 LOAD l LOADTYPE DEAD TITLE DEADtWE.I\RtNG SURFACE 

49. JOINT LOI\D 

SC. 10 FY -1G9.2 

51. PERFORM BUCKLING ANALYSIS MAXSTEP 200 

PROBLEM 

NUMBER OF JOINTS 

NUMBER OF PLATES 
NUMBER OF SURFACES 

STATISTICS 

12 NUMBER OF MEMBERS 

O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER USBD IS THE IN-CORE ADVANCED SOLVER 

11 
0 

2 

- - Pll.GE NO. 

TOTAL PRIMARY LOAD CASES 1, TOTAL DBGRBBS OF FREEDOM 

Tuesday, May 06, 2014, 12:02 PM 

2 

c, \Users\bC"ookJ\Desktop\HRPT Pile Check\Axial \Pier Shed\Minor Pile\Pier4D Individual_Colum11 Shed Minor.a.nlge 2 of ,i 



STAAD SPAC&: 

MODE 

2 

52 FINIS!! 

CALCULATED BUCKLING FACTOH.S FOR LOAD C"ASF. 

BUCKI,TNG FACTOR 

8.5446~ 

15.04405 

22.22354 
:J0.07,812 

••*~ DATE= APR 16,7-014 TIME" 14:38:19 **** 

Tuesda}', May 06, 201-l, 12:02 PM 

PAGE NO. 

~·:\Usei-.s\bco::ik]\Desktop\HRPT Pile C"i"ieck\AxJal\f'iur Sl!ed\1'fi1101.· Plle\PieT40 lndjvjdual_Column Shed Mi1101 anlge 3 of ,1 



SToV\D SPACE PAGE NO. 

F'or questions on STA/ID. Pro, please contacl 

Bentle}' systems or Partner offices 

·relephone Web I Email 

USA ,1 ( 114) 9"14-2500 

UK •44 I OJ 808 101 9246 

SINGAPORE ,65 6225-6158 

FRANCE . ]) IO I I 5':)2]84()0 

GERMANY '" 09] l 40468 

INDIA •" ( O] 3) 4006-2021 

JAPAN •81 (0])5952-6500 htcp:I/www.ctc-g.co. jp 

CHINA ... 21 6288 4040 

THAILAND •66 10)2645-1018/19 partha. p@re1.softwareth 

Worldwid~ http,/ /selectserv ices. bentley. com/en· US/ 

• 

• 

com* 

Tuesday, May 06, 2014, 12:02 I~M 

4 
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CH2M HILL 

- --- - - --- - -----;- PROJECT NO. - - ------::-/,,..,--
},1f1 IJ<- ~ (' 

P, -:,.. .J,<~I _____ -Cf c.J ___ r l_ 
-- -----

.., )Q\z. , f,k I 
{, \, ·r ·, ..... r 

( ,' ,~ I ; " /' (' ·f 

, / 

-10,J ( r,;,,-,J 1"/ v,:, , ) v [.·) ·;5 r I -' ,·,,. ;; ,<' _I 
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·1 
/1.-, / s·, r ,) 

r, J , ' ,L / t \ , { x ) ( ,, · 1 t, 
. 

~J I/ J of' J /1,rc-( 0 f -/ l,< 

f1er /) I (1 L,.._;/ 1 11.. £_ '!'/' • ·1 

(1 1,,· Yr-11,i ,I (l<fr,~ ,o 
CL J __,1 ... /~iJ,-,J i1 j 6r·.fov e 

f fl 1 .( - I / (} /2. , {) 

C,! ( t v , ! • ( 1 I j :....-· Cf. 5 4 

,- .s (' 

' 

l -:;:,, IZ: 1c. s 1 =- I 6 cf I g I( ( [ ult:'/ ()( :· b- /,·r
17

) 

Cr, ()< f ( <~ r / ;, 11 .. r ,c ! • >- • 

A'> - I f r) J.. , ,/ 

. L~_}_l._8 J. ~ ~ !. 1. k ~i -- -~ c: 
) r. {, l .. 

f\ I'' I }. J /. \ \ _: l\ , ~ I \ I y\ 

·1 7 J /) r 
) ) . ,, ,/ 



CH2M HILL SUBJECT -
__________ 9y _ ____ ____ _ 

------------ SHEET NO._ of _ DATE---­

PROJECT NO. - -- --

)~r;5J r; j ·) · l t, ('. / 1 Ir • J JI 

- ,, J c: r._, , (;_ t 0,:7 p, v; 

.. ~. . !.:.. ) ' o. i , " ,_ , , 11 (,r i t,y .)'rvi,-.. e 
{;_ 

, ~) ::- 0 , 7 '6 

, r',);7 1,;1 JD t ~- ) ) 
'1/i:,,·J · f l (I: .. : ()}' rn. l,~.t' J 

r J ,, >' . . '= r 
:·' n. I U, .. r. I : f . 

JJ ·· IP. {l .'· J. ~ 17 .r ·· _ n . . I . . . 

I ..,-; 

62 1 

l. L) .,,. oo,; , tJ1 ./n,) " 
I 

,)() I 

0 . i ?< 
.!, 

'[! ,. ) ., ~. r1 / · .. , . I . :-

/ 

/, 0/J 

Pi (I : j)c_ 5/ (I, 



PILE LOAD RA TINGS - TRUCK COURT 



Ila/crow 

cc, fc... slot4 f l3 uc !-1, , , -. 

inb ,, "" L/ 3;;, ; , 1 J / 
Or:-c. t1, l o(1J: 103 k,p J 

[; I /(·) / J . ./ ,. 

0~d1L>') I~ f1!lo l <{ ) 
.1,.-
F: 0,L/00 I j 
vJ 0 .1 p s ' \) 

A _- I "./ ) :· \ . -. J 5 I ( - I (\ 

/l 1,,£ 
·-f . ~) . ";_'JO J 
I .): ,r-, . ·' .-.\~ j 

M1.1 J 
,~~-- ,,;_ qoo JJ 
\J.J : t). S"D D 

/1 ~ : I f , t--;,,, J 

! ( .'1 l r . ,) cl' 

Ap; /i"(' J J (J/f (~ . 

/) uckl,,,
1 1 , 1 ,,, 

I - - I 
tvlrr n.,._~ '···1 --'J I l t> 5. ) /. ( · · 
L, .. ,(_ _. _ _ _ ... _ 

I .- I ~ .. . 
!=ind Rfl"' c; 

l :: ]60 // -'1 
i.i \JfTi"'._: l __ 
, Fe 
r 

L 

www.halcrow.com 

~Ir· 

') , )51 ~ 

!\ [ " 
- ~ ..\ (Jr"\( ..> () %-

~/)( lr.t ) ~ 
Fu // ::: /r· J 

j_ 
SHEETNO. ___ OF _ _ _ 

/ 1 1,j. I, ~ . ' I I· I ."" 

·' 
J 



Ila/crow 
PROJECT _JJf i ( -

/ . ' 
SUBJECT : ) , ~ 

' I - . 

r 

t' ~ 1 r .i • 11 f.: , .l--j( < .: 

Pr,:: { i. Abr,:· 30,t1k Si . 

~7_--_, )JI, ./b Pip 1 c _____ -- - _ _. 

I _,,._, ; 
II 

L , ,5 

SHEET NO. OF __ _ 

JOB NO. __ 

MADE BY 't"· DATE L ~/
1
{ 

CHKD. BL ~~ DATE~~ 

,o -::.;.lr ~ .J 
- ::: J . I /<.. Jt 

:~ / ; , I 
Ir. .. 

{. ,.' \ , 

jl, I f -! ,J 

-, .., ,· . 

c ~~ecv ~ 0 )~\; (;\ \ 

r (( .-
111) ·., I cn , r) ·, ·1 ., ,. , '/( . -

' r I .:1, , -:- ., ,· I :, 

I o.~A h oX l\:il,\(\ t " ~ 
\r\J I\\ (\ ~ \ C'_)(_(Jf\\ \(\ 

30L6 h,J .. ( 
~ (J~\Q \C\(___ ~ t I ~ {\ 

~ ,j+ '> r I (I .- r I I I
O '· I i 
1J. Ju tn ' 

-

I<.= 55S. 19 r' ) I , I /- • /-' "1 -r3, ~ , / r 

www.halcrow.com 



Ila/crow 
PROJECT·_ \ !__l_'_:( _____ ___ __ _ 

SHEET N0._3 _ _ OF· _ _ _ 

JOB NO. - -----=,:;-;,-;­

MAOE BY ~ DATE Yf' /Y SUBJECT·--- ---- - -----

CHKD. BY=0~ DATE 01 U(Y 

I _,, .· r . <1 r ··,· 
,' l " (. ...-' ,. 

J ·5 ,. 6 k .!!. 
1~ 3} c; ._·: 

,S'J{, 

n... 1 C-· { · 0-1,r ./., ·, ( / -, ,, ~, c ,o.-) , 

! J ; J 

(c-/c" .\) j) 

j l· i•- I 1f 'f ;, j i { ; 'i" I 
' , ~ !6 _:_ l _ _es+ ] ,( 

(>, .' I '-" i. ' ) ,, -; I 

www.llalcrow.com 

.. ,r,. 'iC 



>/ ~11' I 
Tuesday, Nay 06 , 20 14, 12 :4 7 PM 

PAGE NO. 

( '\1 ~\ vi/~ ( 

STAAD.Pro V8i SELECTseries4 

Version 20.07.09.31 

Proprietary Program of 
Bentley Systems, Inc. 

Date= MAY 6, 2014 

Time= 11:16: 6 

USER ID: CH2M HILL 

········•··························•··•············· 

1 . STAAI> SPACE 
lNPU'f FILE: Pi er40_Ind ividual Co lumn_Shed severe truck Court.STD 

2. START J OB INFORMATION 
J. ENGINEER DATE 12·MARCll · 201 4 

4 . END JOB INFORMA'J'lON 
5. INPUT WIDTH 79 
6 . UNIT FEET KIP 
7 . JOINT COORDINATES 
9 . 4 0 ·1 O; ~ 0 12 0 ; 7 0 2 6 . 25 0 ; 8 0 31 . ~ 0: 9 0 32 . ~~ 0 ; 10 0 3 1 D 

9 . 1', o 19 . 125 0; 1 6 0 2:'. .687 5 0 : 17 0 l S .,625 0 

JO. MEMBER INC!DENCES 
11. 4 4 5 ; ·1 7 8 ; 9 8 9 ; 9 9 lQ; 20 7 16; 2 1 15 i7 ; ?! 1 6 ] ~ ; rJ 11 ~ 

12 . START USER TAilLE 
l3 . TABLE I 

14. UNlT FEET KIP 
1 5. WIDE Fl .ANGE 
16 . OR IGINAL 
17 . 0 .1 7924 7 1 .1 5 0 .051 25 1.225 0 . 051 25 0.04 28327 0.01 57 136 0 . 000 1 569 )4 · 

1 8. 0.0589315 0. 125563 

19 . 0.25_Tl-11 CK 
20. 0.074 1319 1.15 0.0208333 1. 225 0.0208333 0. 0 186 353 0.00638368 l .072 51E· 005 · 

21. 0.0239583 0.051 0 411 

22. 0.375_TH JCK 
23. 0.110 547 l 1 5 0 . 03125 1. 2 2 5 0.03125 0.027312 0.00957706 3 . 59853E·00 5 -

24 . 0.0359375 0.0765625 

25. 0. 4 375_THICK 
26 . 0 .1 28592 1 .3 5 0. 0 36 4 583 l .225 0 . 036 4 583 0.0314958 0.0111744 5.69753F. · 005 

27. 0.0 41 9271 0.0893229 

28 . o . s_rnI CK 
29 . 0.146528 1 . 15 0.04 16667 l.225 0.04 16667 0 . 0355786 0 . 0 12 7722 8 . 4796F. · OOS 

30. 0.0479167 0.102083 

31 . 0.3125_TH1CK 
32. 0 .0 923948 1. 15 0.026047. 1.22~ 0.02604 2 0 . 023026 0 . 0079803 2.0887E·005 · 

33 . 0.0299483 0.0638029 

3 4 . 0 .125_ TH1 CK 
JS . 0 .0372842 1. 15 0 . 010417 1. 225 0. 01041 7 0.00953$93 0.003 19164 l .l4 862E · 006 · 

36 . 0.0119796 0.02552 17 

37. TABLE 2 
38. UNIT INCHES KIP 

t..t;'X/ 1~ 

C: \Use r s\bcookJ\Desk t op\HRPT Pile Check \Axi al \Truck Court \Sever e\Pier4 0_ I ndi vi dua l _Colwnn_Slled Sevei-e Truck Court. c1nJ 



STAAO SPACE 

]'J. WIDE Fl.ANGE: 

40. 20\TOP 

41. 

" 4). 

1 7. 2 BS 13.8 

20'tMID 

26.535 1 J. 8 
20\MUDLINE 

18.26 13.8 

50\-PILE 

0 

44. 

45. 

46 
47. 14.5475 13.8 

"· 49. 

50. 

SO%FLG12 

13.647~ 13. 8 
33%Pll.E 

0 . 4 2!> 14 . 7 

0 .225 14.7 

. 5 " .7 0. 

0 .575 13 .B 

(I. 5 7 5 12 0 

- · PAGE NO. 

0 .4 605. 874 21 l . 8 51 . 959851 ' .86S 11.76 

0 . ' 641 .025 116 177 n. 129278 . 1 OS 5.88 

619.605 211 . 904 1.16887 6.9 11. 76 

0.2S 429.481 109. 714 0. 986569 7. 93 5 6.9 

. 25 ]88.166 72.7.107 0 .967818 .935 

51. 12.245 13.B 0.47~ 14.7 0.2 367.152 106.004 0.557101 .555 5.88 

52. END 
53. UNIT FEET KIP 

54. DEFINE MATF.R1AL START 

5~. ISOTROPIC STE:8L 

56. E 4.l76E+OO~ 

5·1. POISSON 0.3 
58. DENSITY C.489024 

59. ALPHA G.SE-006 

GD. DAMP 0.03 
61. END DEFJNE MA'I'ERIAI, 

62. UNJT INCHES KIP 
6 3. CONSTANTS 

64. BETA O MEMB 8 9 
65. MATERIAL STEl::L ALL 

66. *9 UPTABLF. 2 50%PILF. 
67. *9 UPTABLE 2 33%Pil,E 

68. *9 UPTABLE 2 50%FLG12 
69. MEMBER PROPERTY AMERICAN 

70. 9 UPTABLE 2 20\TOP 
71. 20 TO 23 UPTABLE 2 20\MUilLINE 

72 MEMBER PROPERTY AMERICAN 
73. 7 8 UPTI\BLE 2 20\MID 

74. 4 Ti\BLE ST HP14XB9 

75. SUPPORTS 
76. 4 FIXED 

77. 10 FIXED ~lIT FY 
78. MEMBER RELEASE 

79. 9 RNfl MP'l 0.5 Ml-'?, CJ 5 
80. LOAD 1 LOADTYPE DEAD TITLE DEAD•l'l"Ef\RING SURF'ACE 

81. JOINT LOAD 

82 . 10 FY I 67. B 

83 PERFORM BUCKLING ANALYSIS MAXSTEP 200 

Tuesday, May 06, 2014, 12:47 PM 

2 

c,\Users\bcoo.kJ\Desktop\URPT Pile Check\A.xial\Tiuck Court\Severe\Pier40 Individual Column shed S"cvei-e Truck court.anl 



Tuesday, Ma.y 06, 2014, 12:47 PM 

S1!11\D SPACE PAGE NO. 

p R O B L E M B T AT I B T I c s 
- -- ------ ---- ------- ---------------

?rOMBER OF JOINTS 9 NUMB BR OF MEMBERS ' 
NUMBER OF PLATES 0 NUMBER OF SOLIDS 0 

NUMBER OF SURFACES 0 NUMBER OF SUPPORTS ' 

SOLVER USED IS THB IN-CORE ADVANCED SOLVER 

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM 43 

C': \ user~ \bcook 3 \Desk t.op\HRPT P.1 le Clieck. \Axi ,:i J I rz-uck Court \Severe I Pi er4 o Indi vidua 1 _ Column Shed Severe Truck court. c1nl 



SiAAD SPACE 

MODE 

1 

2 

R4 FINISH 

CA.LCULATF.D BUCKl,lNG FACTORS FOR LOAD C/\SE 

IlUCKl,ING FACTOR 

10.51111 

lB.15732 

2B.937JB 

36.68349 

···•••••*** END OF THE STAAD.Pro RUN***•••••••" 

• *** UJ,TE= MAY 6, 2014 TIME" 11:lG: "? •••• 

Tuesday, May 06, 2014, 12:47 PM 

PAGE NO. 

c, \Uoers\bcookJ\Vesktop\llRPT Pile Check\Axial\Truck Court\Severe\Pier40 Individual Column Shed Sevei·e Truck Court.anl 



STMD SPACE PAGE: NO. 

For questions on STA.AD. Pro, ple<H:H' contact 

Bent1ey Systems or Partner offices 

Telephone Web I Email 

USA " ( 714) 974-2500 

UK '" 10 I 808 1 01 9246 

SINGAPORE • 65 622~ 6158 

PRANCE '" IOI 1 5521fl400 

GERMANY '" 09 J:i. 4 04 68 

INDIA '91 l 03 3 l 4006··2021 

JAPAN ,81 (0))$952-6500 ht.tp: I ;.,,,ww. etc -g. co. jp 

CHINA •86 21 6288 4 o~ o 
THAILAND ,65 (0)2645-101.8/19 part ha p®re 1sof t .... ·areth. 

Worldwide http: I /se lectservi ces. bent. ley. com/en-US/ 

corn* 

Tuesday, May 06, 2014, 12:17 PM 

5 

c. I Users \bcook 3 \ !Je!l.lctop\HRPT Pi 1 e Check \Ax1a l \ Truck Court \Severe I Pi er4 0 _ Tndi vi dual Column Shed Severe Truck cou1·t . anl 
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Tuesda y, May 06, 201 4 , 12 : 48 PM 

PAGI, NO . 

.........•....•.....•........••..................... 

STAAD.Pro VBi SELECTseries4 
Version 20.07 . 09.31 
Proprietary Program of 
Bentley Systems, Inc. 
Date= APR 16, 2014 

(_ v\ . Y\ \Jch\ 
\,t/ i /tt-\ 

Time= 16: 57:38 

USER ID: CH2M HILL 

1. STAAD SPACE 
I NPUT FILE: Pier4 0_ I ndivi d ual Col unm_Shed MaJor Truc k Cour t .STD 

2. START J OB INFORMATION 
3. ENG INEER DATE l2 · MARCH·2014 
4 . END J OB INFORMATION 
5. I NPUT WIDTH 79 

6. UNIT FEET KI P 
7 . JOINT COORDI NATl':S 
8 . 4 O 7 0; 5 0 J 2 0; 7 0 1. 6 . ~ 5 0 ; 8 0 3 J . ~ 0 ; 0 32 . ? , 0 ; l O O 31 O 

9 . !'.> 0 l 'l. 125 0 ; If O 22 . 6815 ll : 17 0 lo . S62!, (1 

10. MEMBER INCIDENCES 
I I. q 4 ~ ; 7 7 8; 8 8 9; 9 9 10; 7 0 7 lo ; .' i 1~ 17 ; 22 1 6 ! $ ; c ) J"J ~ 

12 . START USER TABLE 
13 . TABLE 2 
14. UNIT INCHES KIP 
l 5 . WI DE FLANGE 
16 

11 . 

18 . 

1 9 . 

20. 
21 . 

1'0P 

19 . 6078 
MID 
13. 8706 
MUDLJ NE 
20.8105 

22 . END 

13 . 8 0 . 49 

13 . 8 0 . 326 

1 3. 8 0 . 504 

23. UNIT FEET KIP 

14 . 7 

14. 7 

14 .7 

24. DEFINE MATER IAL START 
25. I SOTROPIC STEEL 
2b. E 4.176E•006 
2"1. POISSON 0.3 
28. DENSJTY 0.489024 
29 . AI.PHI\ 6.5E· 006 
30. DAMP 0 . 03 
31. END DEFINE MATERI AL 
32. UNIT INCHES Kl P 
33. CONSTANTS 
34. BETA O MEMB 8 9 
35 . MATERIAL STEEL ALL 

0 .452 

0.326 

0. 4 88 

36. MEMBER PROPERTY AMERICAN 
31. 9 UPTABLE 2 TOP 
38 . 20 TO 23 UPTNlLE 2 MlJDLINE 

619.715 239. 424 1. 41 072 6.762 13 . 2888 

496 . 841 l'/2.629 0.491377. 4. 4988 9.5844 

724 . 4 76 258. 494 1. 68616 6 . 9552 14.34 72 

C: \Users\bcookJ\Desktop\HRPT Pi le Cl1eck\Axia1 \Truck Court\ Ma;or\ Pier4 0_ Tndividual Col wnn_ Sh ed Major Tru ck cou1·t . a11l 



STAAD SPACE 

JS. MEMBER PROPERTY AMERICAN 

4U. 7 8 UPTABl,E 2 MlD 

41. 4 TABLE ST HPJ4.X89 
4 2. SUPPORTS 

4 3. 4 FIXED 

4 't. 10 FIXED BlIT FY 

4 5. M8MBER RELEASE 

46. 9 ~ND MPY 0.5 MPZ 0.5 
41. LOAD l LOADTYPE DEAD 1'ITLE CEAD+WEAAING SURFACE 

4 8. JOINT LOAD 

49. 10 FY -167.8 

50. PERFORM BUCKL1NG AN.tu,YSIS MAXSTEP 200 

P R O B L E H: 

NUMBER OF JOINTS 
NUMBER OF PLATES 
NUMBBR OF SURFACES 

S T A T I S T I C S 

9 NUMBER OF MEMBERS 

O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER USED IS THE IN-CORE ADVANCED SOLVER 

a 
0 

2 

P/\GE NO. 

TOTAL PRIMARY LOAD CASES l, TOTAL DEGREES OF FREEDOM: 43 

Tuesday, />1ay 06, 2014, 12:48 PM 

2 

C: \ Users \bcookJ \Desktop\llRPT Pile Check \Axia 1 I Truck Court \MaJ or\ 1'1 e1 40 _ Ind1 vidual Colunm_Shed Major Truck Cotn·t. <'lnl 



STAAD SPACE 

MODE 

1 

2 

51. FINlSH 

Ci\LCULATED BUCKJ.ING FACTORS FOR 1,Qfl.J) CASP. 

BUCKLING FACTOR 

12.43459 

22.83334 

31.42424 

-15. 25114 

•1<1<****•••* END OF THE STMD.Pro RUN··~··••***• 

•• .. • DATE-;- APR ]6,2014 TIME~ 16:57:38 **** 

Tuesday, Ma}' 06, 2014, 12:48 PM 

· · PAGE NO. 

C': \ User-.s\bcook..i \Desktop \HRPT Pj 1 e Check \Axi o1l I Truck Cou1·t \M;iJor I P.1er4 O_Indi vidual _column_ Shed Major Truck Court anl 



SThAD SPACE 

For questions on STAAD. Pro, please contact 

Bentley Systems or Partner offices 

Telephone Web I Eme1il 

USA •l ( 714 I 974-2500 

UK ... IOJ 008 l 01 92'16 

SINGAPORE •65 6225-6158 

F'RANCE ,33 IO I l 55238400 

GERMANY '" 0931 '104 68 

INDIA ,91 ( 03 3) 4006-2021 

PAGE NO. 

' 

JAPAN •61 (OJ) :>952-6SOO http: I /w,,rw. etc -g. co. JP 

CHINA .,. 21 6288 4040 

THA.lLA.~D .,. (0)264.5-1018/19 partha. p:;>reisot:t,..,·a reth .com* 

Waz ldwide http: I /sel ectservices. bent ley. com/en-US/ 

Tuesday, May 06, 2014, 12:<lB PM 

c · \ users \bcookJ \Desktop\HRPT Pile Check \Axial \ Truck Court \Major\ Pier4 O _lndi vi dual Column_ Shed Mofjor Truck court. a.nl 
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PAGE NO . 

• 
• STAAD.Pro vai SELBCTseriee4 

• Version 20.07.09.31 
Propriet.ary Program of • 

• Bentley Systems, Inc. • 
Date= APR 17. 2014. 

• Time: 10:28:21 

• 
USER ID: CH2M HILL 

················•·•·•······························· 

1. STAAD SPACE 
INPUT FlLE: Pier40_lndividual Column_Shed Moderate Ti·uck Court.STD 

2. START JOB INFORMATION 
J. ENGINEER DA'l'E 12·MARCH-2014 
4. ENfJ JOB INFORMATION 

5. INPUT WIDTH 79 

6. UNIT FF.ET KIP 
"I . .JOINT COORDINATES 
s. 4 (1 7 O; SO 12 O; 7 o 26.2'..' O; 8 o :n.~ n; O 32.25 rJ; 10 O 3·1 o 
9. l'J O J9.12S 0; 16 0 12.6875 0; 1-/ 0 ;_:,,~623 U 

10. MEMBER INCIDENCES 
11. 4 4 5; 7 7 8; 8 8 'J; 9 9 ~O; ),') 7 16; 2·1 1r: J7,· 22 16 l'..'; J? 17 :., 

12. START USER TABLE 
13. TABLE 2 

14. UNIT lNCHES KIP 

15. WIDE FLANGE 
TOP \ 6. 

\7. 

18. 

l 9. 

20. 

21. 

22. 

16. 3821 13.8 0 . '14.8 14 .7 0.428 

MID 

21.0692 13 . ' 0 .462 14 . ' 0. 516 

MUDLINE 

19.2334 13 . 8 0 .472 14 . ' 0 .447 

END 

23. UNIT FEET KIP 

24. DEFINE MATERIAL START 
25. ISOTROPIC STEEL 
26. E 4.176Et006 

27. POISSON 0.3 

28. DENSJ'l'Y 0.489024 

29. ALPHA 6.5E-006 

10. DAMP 0.03 

11. END DBFINE MATERIAL 
12. UNIT INCHES KIP 

33. CONSTANTS 

34. BETA O MEMB 8 9 

35. MATERIAL ST~EL ALL 

36. MEMBER PROPERTY AMERICAN 
37 9 UPTABLE 2 TOP 
3 6 . 2 0 TO 2 3 UPTA13LE: 2 MUDLINE 

G4 3 .66 226.689 1.1563 6. 182'1 12. 5832 

749.733 27].286 1.76609 6. 3"156 lS. l 7 04 

670. 57'1 236.764 1.37.766 6 . 51 ]6 13. 14.18 

Tuesday, May 06, 2014, 12:48 PM 

C':\Users\bcook.3\Desktop\HRPT Pile Check\l\xial\Truck Court\Modcrate\Pie1-,io Individual Column_Shed Moderate True}( court . .;; 



STAAD SPACE 

39. MEMBER PROPERTY AMERICAN 

4C_ 1 8 UP1.'ABI,F. 2 MID 

41. 4 TABLE ST Hi-'14Xfl9 

42. SUPPORTS 

4 3. 4 FIXED 

44 10 FIXED B!J'f FY 

4 5. MEMBER Rl.:LEASF. 

46. 9 END MPY 0.5 MPZ 0.5 

41. LOAD 1 I,OA11TYPE DEAD Tl'l"LE DEAD+WEARING SlJRFA.CE 

48. JOINT J.OA.D 
49. 10 r,y -167.8 

50. PERFORM BUCKLING ANALYSIS l"J>.XSTEP 200 

p R O B L E M S T A T I s T I c s 
- ------ ------ ----- ---- ---- - ------- -

NUMBER OF JOINTS ' NUMBER OF MEMBERS 

NOMBBR OF PLATES 0 NUMB BR OF SOLIDS 

NUMBER OF SURFACBS 0 NUMBER OF SUPPORTS 

SOLVER U6BD IS THE IN-CORE ADVANCED SOLVER 

' 0 
2 

'l'OTA.L PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM 

Tuesday, May 06, 2014, 12:48 PM 

PAGE NO. 

43 

C: \ U.ser·s \l.>cook3 \Desktop \URPT Pi le Check \Ax ia-1 I Truck court \Moder·<l[c I Picr4 O _lndj vidua 1 Column Shed Moderate Truck court. 0 



STAAD SPACE 

MODE 

Si. FINISH 

Cli.LCULATED BUCKLING FACTORS FOR LOll.D CASF. 

BUCKLING FA.C'fOR 

12. 26600 

25.04458 

31.40695 

47.45310 

********** .. !::ND OF THE S'I'AAD.Pro RUN ........... . 

**** DATE,· APR )7,2014 TIME~ l0:28:22 **** 

Tue8day, May 06, 2014, 12:48 PM 

PAGE NO. 

c: \Users \bcookJ \Desktop\HRP1' Pi 1 e Check \Ni 1 al\ Truck Cour·t \Moder;;ite \Pier'l O_lridi vi dual Column_ Shed Moderate Truck court. a 



STMD SPACE l-'AGE NO. 

For questions on ST/\AD.Pro, please contact 

Bentley Systc-ms or Pai-Lner o(fices 

1'elephonc Web I E:mai l 

USA •1 ( 714 J 974-7500 

UK •44 IOI ,o, 101 9246 

SINGAPORE .,s 6225-6158 

FRANCE •33 (OI 1 55;;!38400 

GERMANY •'9 09)1 40468 

INUIA ,91 1033) 4006·2021 

JAPAN ,81 (03)5952-6500 http:/ /WW';.'. etc ·g .co. jp 

CHINA •86 21 G2 88 4040 

THAILAND ,GG {0)2645-1018/19 parlha. p@=n:.i sot t.warcth. 

Worldw1 de http,/ I se le.ct.services. bent 1 ey. corn/en US/ 

corn* 

Tuesday, May 06, 2014, 12:48 PM 

c: \Users\bcookJ\IJesktop\HRPT Pile C'/ieck\Axial \Truck court \Moderate\P1er40 Individual Colunm_Shed Moderate T'.ruck Court c; 



Job No. ______ _ 

Sheet No. _ ____ _ CH2MHILL. 

Ii r t:., 1: (__ L 0( ,. / , ··, ·: J, 1,,/.-, [ v/ A"'? r, )~ Date - - ----=1?.----:.S---;/ -1'/' ru--
Job Name .. _ f-: Computed By _ r <._ --'--7-;: 1 _ 

Subject --- ------- - --- - -- Checked By J1Wc}J( Lf/V(::f 
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PILE LOAD RATINGS - FINGER PIER 



CH2MHILL. 
Job No. _ _ ____ _ 

Sheet No. _____ _ 

Date ______ _ _ Job Name __,_,_f.l ._@-,__PT _ _,_r-_, "-¥J=·r/____J.I_· ,'-'--· ,_;_(-_..:., __ ;______:_.:_' ,_. L-r __ _ 

Subject Computed By 1'2: S/f/1 <f 

--------------- --- -- Checked By MWJ, ( C,/'xitl_ 

lo - _f J 
r . J 59 
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PAGE NO . 

..............•.................•..•....•........... 

STAAD.Pro V8i SELECTs e ries4 

version 20 . 07.09.31 

Proprietary Program of 
Bentley Systems, Inc . 

Date~ MAY 6, 2014 

Time~ 11:41:53 

USER ID: CH2M HILL .•••....•••..•..•••..••..•..•..•...•••••...•......•. 

l. STAAI> SPACE 
INPUT FILE: Pier4 0_Indiv i d ual Column_s hed l\vg Se>1e1·e 1'1nger P\e'LSTP 

2 . START JOB INFORMATION 

3 . ENGINEER DATE l2 · MARCH- 2 014 

4. END JOB JNFORMATJON 

5 . JNPUT WIDTH 79 

6. UN IT FEET KIP 
7. JOINT COORDI NATES 

Tuesda y , Ma y 06, 2014, 11 : 42 AM 

C~, 1\ \J ... t, I 

S/r/)ll 

8 . l O - 9 0 : 2 0 3 0 : 3 {l 6 0 ; 4 () 9 IJ ; •, 0 I~ 0: 7 0 2 6 . 2 '> 0 : 8 0 3 J. 5 0 
9 . Y O 3 2 . '.'. '> O; 10 0 37 O; I~ 0 19. 1: ~ U: 1E O 22 . 6875 0 ; 17 0 l'o . ~62 5 0 

10. 18 0 -6 0 ; 19 0 - 3 O: 20 0 0 0 

l l . MEMBER INCIDENCES 
11 . I l l fi ; 2 2 J ; 3 3 4; 4 q '> : 7 I U: >J 8 9 ; 9 :• 10 ; 2 0 ·1 16 ; 21 1, 17 ; 

D. 23 1·1 5; 14 16 J q; 2 '> 19 20 : Jo 20 '.' 

14 . STI\RT USER TABLE 

JS. TABLE 2 
1 6 . UNJT INCHES KIP 
17. WIDE FLANGE 

18 . TOP 
1 9 . 13.0204 13 . 8 0 . 407 14 . 7 0 . 259 428.563 137 . 195 0.468752 5.61 66 7.6146 

20 . MID 
21. 18 . 2981 13.8 0 . 384 14 .7 0 . 454 663 .1 5 240 .4 18 I . 160 38 5.2992 1).3 476 

22. MUDL I NE 
23. ] 7.6174 1 3 .8 0 .4 11 1 4. 7 0. 418 624 .9 84 2 21.)73 1.01575 5.6718 12 . 2892 

25. ENO 
26 . UNIT FEET KIP 
27 . DEF'YNE MATERI AL ST/IRT 

28 . ISOT ROPIC STEEi, 

29. F. 4 .1 76E•006 

30 . POISSON 0 . 3 
31 . DENSITY 0. 489024 

32 . ALPHA 6 . 5E · 006 

33. DAMP 0 . 03 
31. END DEFINE MATERIAL 

3~. UNIT INCHES KIP 

36 . CONSTANTS 
n . BETA O Mt,MB 8 9 

38. MATERIAL STEEL Al.L 
40 . MEMBER PROPERTY AMF.RI CAN 

1 b ] 11 

c: \ Users\bcook J \ Desk t op\ HRPT Pi l e C/Jeck \Axia 1 \Finger· Pier\Severe Avg Pi le\Pie,·~o I ndi vi d ual Co1umn_SJ1ed l.vg Seve re Fi n s 



Tuesday, Ma}' O&, /.014, 11.-42 AM 

STAAD SPJ,CE PAGE NO 

41. 24 TO 26 TP.BLE ST HP14X8'.i 

42 MEMBER PROPERTY AMERICAN 

4 3 . 9 UPTABLE 2 TOP 

44. 2 TO 4 20 TO 23 UPTABLE 2 MUDLINE 

45. MEMBER PROPERTY AMERICAN 

46. 7 8 UPTJIBLE 2 MID 

47. SUPPORTS 

48. 1 FIXED 

4 9. l O I-'IXED Btrl' FY 

50. MF:MBER RELEASE 

51. 9 END MPY O.~ MPZ O 5 
52. LOAD 1 L0/\D1.'YPE lJEAD TITLE DEADtWF:A.RING SURFACE 

SJ. JOINT LOM 
54. 10 FY -1·1~.6 

55. PERFORM BUCKLJNG ANALYS15 MAXSTEP 200 

p R 0 B L E H s T A T I s T I c s 
-·-···-·······-···-··- -------------

NUMBER OF JOINTS 15 NUMBER OF MEMBERS 14 

NUMBER OF PLATES 0 NUMBER OF SOLIDS 0 

NUMBER OF BUR.PACES 0 NUMBER OF SUPPORTS ' 
SOLVER USED IS THE IN CORE ADVANCED SOLVER 

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM " 

c.-\Users\bcookJ\Deskrop\HRPT Pile Clieck\Axlill\Finger Picr\Sc'.rcre Avg Pile\Pier40 Individual Colwnn SlJed Avg sev,=,re Fin~ 



STAAD SPACE 

MODE 

2 

4 

56. f.'INTSH 

C'Al,CULATE:D DUCKLING FACTOkS F'OR LOAD CASE 

DUCKLlNG FACTOR 

4.48064 

9.2:.367 

12.28145 

18.32388 

**ktt••ti+* END OF THf;: STA.AD.Pro RUN 1•-11~,0+1••** 

k*** IJATE..- MAY 6,2014 TIMF.= 11:41:53 **** 

Tuesday, May 06, 2014, 11.-12 AM 

- · PAGE NO. 

c, \users\ bcookJ \Desktop \HRP1' Pi 1 e Check\Axial \Pinger Pi e1·\severe Avg Pi le\ Pier4 0 _Individual_ Column_ S/ied Avg Severe Fillf 



STAAD SPACE 

F'or quesLions on ST/...AD. Pro, pleaf;e contact 
Bentley SyetemEi or Partner offices 

Telephone Web I Ema.11 

USA '1 ( 714) 974-2500 

UK ·44 ( O) 808 l 01 9246 

SINGAPORI!: "6':> 622':, ·6158 

PRANCE '33 ( 0) 1 55238400 

Gli:RM.AN'i ,., 0931 40468 

INDIA < 91 ( 03 3) 4006·2021 

PAGE NO. 

JAPAN ,Bl ({13)595;1,-6(,00 http://>,,'ww.ctc:-g.co. jp 
CHINA •86 21 6288 4040 

l'HAILhND ,66 (0)2645-1018/19 pa1.·t.ha. plJilrei softwareth com* 

Worldwide http //ae]e.ctservices hentle}'.com/c.n-US/ 

Tuesday, May 06, 2014, 11:42 AM 

c. \Uscrs\bcookJ\Vesktop\HRPT Pile Check\A.XJal\.F'i1iger P.1er\Sevpr·e Avg Pil£_.\Pier40 TndJvidual Colwnn_Stied Av!1 Severe f'ins 



Job No. ______ _ 

Sheet No. _ _____ _ CH2MHILL. 
Job Name tt f2 f') ' I L,v/Atl<; //, le Date _______ _ 

7 
Subject ----------------- -- Computed By fl?~ >/f/)</1 
----- ----- - - ------- Checked By fv\\JJJ,J S/g/lr( 
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Tuesday, Ma y 06, 201 4, 03: 51 PM 

PAGE NO. 

.......................................•............ 

M/3 8L S( fl( 

( ~ h f1 lv1 

STAAD.Pro V8i SBLBCTseries4 

Version 20 .07.09.31 

Proprietary Program of 
Bentley Systems, Inc. 
Date: MAY 6, 2014 

Time= 15:50:10 

USBR ID: CH2M HILL 

I. STAAD SPACE 
INPUT Fi l,E : P ie1·10. Ind i vidual _ Bending_Finger Pi e, LCJ . S1'0 

2. START JOB INFORMATION 

3. ENGINEER DATE 12 - MARCll·2014 

4 . END JOB INFORMATION 

5. INPUT WIDTH 7 9 

6. UNIT FEET KI P 
7 . JOI NT COORDINATES 
R. 1 O ·YO ; 2 0 3 0 ; 3 0 6 0 ; 4 0 9 . 8 'ct 0 : 'i O 12 0 ; 7 0 26 . 25 0 ; 8 0 31. 5 0 
'.! . 9 0 32 . 25 O; JOO 37 0 ; l'i O 19. l/5 0 ; 16 0 2 2 . L0 7'., 0 ; 17 0 1:>.~62 5 0 

10 . 18 0 - 6 0 ; 19 0 -3 O; ? O O O O 

11 . MEMBER INC IDENCES 

S ,A.'/ /L, 

} 2 , l 1 18 ; 2 :_i 3 ; ] 3 4 ; 4 i} cJ ; I '/ ft ; 8 8 Y ; Y 9 J O; ~ 0 '? 1 b; 2 1 1 S 11 ; 2 :, i 6 1 ~-, 
13 . 23 17 5 ; ? 4 .1 8 19 ; 2 ~ 19 20 ; ,6 2. 0 2 

14. STJ\RT USER TAULE 

15 . TABLE 
16. UNIT FEET KI P 
1 7. ~I IDE FLANGE 

18 . ORIG INAL 
19 . 0.17924 7 I. 1 5 0.05125 1 .225 U. 05 125 0 . 04 28327 0.01 5 71 36 0.000156934 · 

20. 0 . 0589375 0.125563 

2 1. 0 . 25_TflJ CK 
22. 0 .07413 19 J .15 0.0208333 1.225 0.0208333 0 . 01 863~3 0 . 00638368 1 . 07 25 11::·005 

23. 0. 0 239583 0.051041 7 

24. 0 .37 5_Tlll CK 
25 . 0 . 1105 47 1 . 15 0 . 03 125 1 .22~ 0.03 125 0 .027312 0.00957706 3.59853E- 005 · 

26 . 0.0359375 0.076562 5 

27. 0 .4375_TflTCK 
28 . 0.128592 1 .15 0.0364 583 1 .225 0 . 0364583 0.03 14958 0.011174 4 5.69753E · 005 · 

29. 0.041 9271 0 . 0893229 

30. O.S_THICK 
31. 0. 146528 1 . 1 5 0.041 6667 I . 225 0.04 16667 0.035S786 0.0127722 8.47968· 005 

32 . 0 . 0 4 79167 0.102083 

33. 0 . 3125_THI CK 
34. 0 . 0 923948 1 . 15 0 . 026042 1. 225 0 . 026042 0.023026 0 . 0079803 2 .0887E - 005 · 

JS. 0.0299483 0.063802 9 

36. 0 . 1 25_THICK 
37, 0 . 0372842 1 .1 5 0 . 010417 1 .225 0 . 01 04 17 0.00953 5 93 0 003 19164 1 .3 4862E·006 · 

30. 0.01 19796 0.025521 7 

C:\Usei·s\b cook J\Desk top\ HRPT Pile Check\La tera l \Finger Pier\Pi nge ,· Pier Severe Pi l es Finger PJe1· \LC3\Pier40 Individual 



STAAD SPACE PAGE NO. 

39. TABLE 7. 

40. UNIT INCHES KlP 
41. WIDE FLANGE 

42. TOP 

43. 13.0204 13.8 0.407 14.7 0.259 428.563 137.195 0.468752 5.6166 7.6146 
44. MID 
45. 18.2981 13. 0.384 14.'/ 0.454 663 15 240.418 1.16038 5.2992 13.3476 
46. MUDLINE 
47. 17.6174 13.8 0.411 14.1 0.418 624.984 221.373 1.01575 5.6718 12.2892 
48. 50%PIL,E 

49. 14.5475 13.8 0.575 13.8 0.25 429.481 109.714 0.986568 .935 6.9 

SO. i;,0%FLG12 
51. 13.6475 13.8 0.575 12 0.25 388.166 72.2107 0.967818 7.935 6 

52. 33%-PILE 
53. 12.245 13.8 0.475 14.7 0.2 367.152 106.004 0.557101 .555 5.88 

54. END 

55. UNIT FEET KlP 

56. DEFINE MATERIAL START 
57. ISOTROPIC STEEL 
58. E 4 l 76E+006 
59. POISSON 0.3 
60. DENSITY 0.489024 
61. ALPHA 6.5E·006 
62. DI\MP 0.03 
63. END DEFINE MATERIAL 
64. UNIT INCHES KIP 
65. CONSTANTS 
66. BETA O MEMS 8 9 
67. MATERil\L S'l'EEL ALL 

68. MEMBER PROPERTY AMERICAN 
69. 1 24 TO 26 TABLE ST JIP14X89 
70. MEMBER PROPERTY AM6RICAN 
71 9 UPTABLE 2 TOP 
72. 2 TO 4 20 TO 23 UPTABLE 2 MUDLINE 
73. MEMBER PROPERTY AMERICAN 
1,; . '/ B UPTABLE 2 MID 
76. SOPPOR1'5 
77. 1 10 PINNED 

79. LOAD 3 LOADTYPE Wil'ffi TITLE WAVE 

80. JOINT LOAD 

Bl.1MZ204 
82. 10 MZ 204 
84. LOAD <) LOADTYPE WIND TITLE WIND Y AXIS 
85. JOINT LOAD 

86.lMZB0.4 
87. 10 MZ 79.2 
89. LOAD 5 LOADT'l'PE WIND TITL" CURREN'T 
90. JOINT LOAD 

91. 1 MZ 19.2 
92. 10 MZ 25.2 
94. LOAD COMB 5 HRPT LOAD CASE 3 
95. 3 0.24 4 0.24 5 0. 
97 PERFORM ANALYSIS 

Tuesday, May 06, 2014, OJ,51 PM 

2 

C: \Users\bcooJ:J \Deslctop\HRP1" Pi le Check I /Jatera l \Finger Pier\ Finger- Pi er Severe Piles Finger PJ er\ LCJ \ Pi er40 _ Tndi vi dual 



STAAD SPACE 

PROBLEM 

NUMBER OF JOINTS 

NUMBER OF PLATES 
NUMBER OF SURFACES 

S T A T I S T I C S 

15 NUMBER OF MEMBERS 
O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER USED IS THE IN-CORE ADVANCED SOLVER 

14 

0 

2 

TOTAL PRIMARY LOAD CASES m 3, TOTAL DEGREES OF FREEDOM 

• • • ,~,,~·J.J !.N·., I, J' , -, I ! · J1~ 

PROBABLE CAUSE SJNGULAR-.rillDING WEAK SPRING 

PAGE NO. 

.. 
K-MATRIX DIAG= 5.5741491E+02 L-MATRIX DIAG~ 3.126JBBOE-13 EQN NO 14 

;,,, ,[-.I, -·1,.1-

98. PARAMBTER l 

99. CODE A.ISC 
100. FYLD 36 ALL 
101. LX 325.3 MEMB 4 7 TO 9 20 TO 23 
102. UNB 325.3 MEMB 4 ? TO 9 20 'l'O 23 

103. UNT 325.3 MEMD 4 7 TO 9 20 ·ro 23 
104. LX 226.7 MEMB 1 TO 3 24 TO 26 
105. UNB 226.7 MEMB TO 24 TO 26 
106 UNT 226.? MEMB 1 TO 3 24 TO 26 
107. CHECK cool!: ALL 

Tuesday, May 06, 2014, 03:51 PM 

c, \Usei·s \bcookJ \Desktop \HRPT Pi 1 e Check \Lateral\ Pinger Pier\Finger Pier severe Piles Finger Pier\LCJ \Pier40_Indi vi dual 



Tuesday, May 06, 2014, OJ:51 PM 

STAAD SPACE Pl'IGE NO. 

STAAD.Pro CODE CHECKING - (AISC 9TH EDITION) vl.O 

ALL UNITS ARB - KIP INCH {UNLESS OTHERWISE Noted} 

MBMllBR TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/ 
FX MY MZ LOCATION 

•z=••~=~•=====K=====•&=====•=======•=============~••r~========•===~=••• 

ST HP14XB9 {A1SC SECTIONS) 

PASS AISC- Hl· 0. 07:l 

0.00 T 0.00 204..00 0 . 00 

2 ST MUDLlN~ (UPT) 

PASS AISC- Hl . J 0 .052 
0 . 00 T 0.00 97 , 57 0 .00 

ST MUDLINE (lJPT) 

PASS ATSC· Hl . 3 0 .038 

0 . 00 T 0.00 70 .96 0 . 00 

ST MUDLlNE (UPTI 

PASS AISC- H.1-) 0 .022 
o. 00 T 0.00 36 . 4 5 0.00 

S1' MID (UPT) 

PASS l\ISC· Hl-3 0 .OBS 
0.00 T 0.00 - 155 . 22 G3 . 00 

ST MID (UP'f) 

PASS AISC- Hl· .091 

0 . 00 T 0.00 -lGl ,., 9. 00 

ST TOP (UPTl 

PASS AISC· Hl-3 0.198 

0 .00 T 0.00 -204 .00 57 .00 

20 s·r MUDLINE (UPTJ 

PASS AlSC- Hl-3 0.066 

0 . 00 T 0.00 108.65 o. OD 

2] S'f MUDLINE (UPTl 

PASS Al SC- Hl ·3 0.027 

0 . 00 T 0.00 45. 46 0 . 00 

22 ST MO!JLINE' (UPT) 

PASS AISC- Hl - 3 0. 046 

0 . 00 '[ 0.00 77. 05 0 . 00 

23 ST MUDLINF: (UPTl 

PASS AISC- Hl- 0 .011 

0 .00 ,. 0. 00 17 .H '2 . 75 

24 ST HP14X89 (l'I.ISC SECTIONS) 

PASS AISC- Ill - 3 0 .OG3 

0 . 00 T 0. OCi 17"1. 39 0 . 00 

25 S1' HP14X89 IAISC SECT!ONS) 

PASS AISC- Hl-3 0 053 

0 .00 T 0.00 150. 78 0 .00 

26 S'I' HP14X8q (AISC SECTIONS) 

PASS AISC- Ill ) 0 .044 

0 .00 T 0.00 '" .1 7 0 . 00 

108. LOAD LIS1 6 

109. FINISII 

C.- \Ilse rs \bcook3 \De-'>ktop\EIRPT Pi le Check\ La e:eral \Finger f'j er\ Fj nger Piei· Severe P.i 1 e5 F1nger Pi er\LCJ \Pi er4 o _Individual_ 



STAAD SP/\CE 

" • • DAT~:• MAY 6 , 2014 T I MK• 15: 5 0:10 •• • • 

For quesLions on STMD.Pro , p l ease contact 
Bentley Syscems or Partner o ft.ices 

Telephone Web I Emai l 
LISA • l (714) 974 · 2500 

UK +44 (O) 808 101 92•16 

SINGAPORE -i 6S 6225 - 6158 

FRANCE i33 (0) I 55238 4 00 

GERMANY +49 0931 4 0 4 68 

INDI A +91 I 03 3 ) 4006-202 1 

·- P/\GP. NO. 

JAPAN +81 (03)5952 - 6500 h l tp. //www.ctc-g .co . jp 

CHINA +86 21 6288 4 0 4 0 

TH/\ILANTl + 66 (0)264 5-1018/19 partha .p8 reisoftwareth. com • 

Wor ldwide hLtp: //selectserviccs .be n Lley.com/en - US/ 

Tuesday, May 06, 2014, 03:5 1 PM 

C': \Us,,rs\bcook J \Dcsktop \ HRP'f Pile Check \ Latcr a l \Finger Pier\Fj119er Pi e r Sever e Pi Jes Finger P1e 1·\LC'J\ P1er-l O_ Individu.al 



T uesday, May 06, 2014, 03: 54 PM 

PAGE NO. 

********************* ******************************* 

• 

STAAD . Pro V8i SBLBCTseriee4 

Ver s ion 20.07.09 . 31 

Pro prietary Program of 

Bentley Systems, Inc. 
Date • MAY 6, 2014 

Time= 15:53 : 32 

OSER ID: CH2M HILL 

• 

···············•···································· 

l. STAAD S PACE 
I NPUT f'I LE : P i er4 0_ lnd i vi d ual _ Bending_Finger Pie r LCS.Sl'O: 

2. START J OB INFORMAT ION 
3 . ENGINEER DA'l'E 12 · MARCH· 2014 

4 . END JOB IN FORMATION 

S. INPUT WIDTH 79 

6 . UN I T FEET KIP 
7 . JOI NT COORUI NATP.S 

l 

\ t l ~\ ti l 

5/ ") / IL/ 

8 . 1 O - 9 O; 2 0 3 0; 3 0 6 0 ; 4 0 11.16 0 ; ~ 0 12 0; ·, 0 26 . 25 O; 8 0 31.~ o 
9 . 9 ll 32 . 2S 0 ; 10 0 37 0 ; 15 0 1 9 .125 O; l oll ?.?. . 687!.> 0 ; 17 0 l!.>. 5 62!> 0 

10 . 18 0 ·o 0; 19 0 - 3 LI; 20 0 0 0 
1 1 . MEMBER I NClDENCES 

12 . l 1 18; 2 2 3 ; 3 3 4; 4 4 5 ; 7 8; 8 8 ~; ~ ~ JU; 20 7 16 ; 2 1 l~ I?; n 1 6 15 

u. 23 11 s. 24 1 a 19: ~5 19 rn . 2 & 20 ~ 

14 . START USER TABLE 

1 5 . TABLE 1 
16. UNIT FEET KIP 
17. WIDE FLANGE 

18. ORIGI NAL 
1 9 . 0. 1 792 4 7 1. 1 5 0 . 051 25 1.225 0.05125 0.0 428327 0.0157136 0 . 0 001 56934 · 

20. 0.0589375 0. 1 25563 

2 1 . 0 . 25_'l'H ICK 
22. 0.0741319 l .1 5 0 . 0208333 1 . 225 0.0208333 0.0186353 0 . 00638368 l .07 251E-005 -

23 . 0.0239583 0.0510417 

24 . 0. 375_ THI CK 
25. 0. 110547 J . 1 5 0 . 03125 l .225 0 . 0 3 125 0.027312 0 . 00957706 3.59853E·005 -

26 . 0 .03 59375 0.07656,5 

27. 0 . 4375_TIIICK 
28. 0 . 128592 l .15 0.036 4 583 1.225 0.0364 583 0 . 0314 958 0 . 011 1 744 5.69753E-005 -

29. 0.041927 1 0.089)229 

JO. 0.5_ 1'HICK 
31. 0.146528 1 .15 0.04 16667 1.225 0 . 0416667 0.0355786 0 .01 27722 8.4796E · 005 · 

32. 0 . 0479167 0.102083 

33. 0 . 3 125_THICK 
34. 0 . 0923948 l . 1 5 0.02604 2 1 . 225 0.0 2 6042 0.023026 0 . 00 79803 2 . 0887E · 005 -

35. 0.02994 83 0.0638029 

36 . 0. 125_THICK 
37 . 0 . 037284 2 1 . 15 0.010 4 17 1 . 225 0 . 01041 7 0.00953593 0.003191 64 l.34862 E - 006 -

38. 0.01197 9 6 0 .025521 7 

fie )j/l/ 

c : \Users\bcookJ\Desktop\HRPT Pile Check\Later<11\Finger PJer\Finger Pier Severe Pi Jes Finger Pier\LC 5 \Pier 10_ Indi viduaJ 



STA.AD SPACE 

39. TABl,E 2 

40. UNIT INCIIC:S KIP 

41. WIDE FLANGE 

42. 

43. 

4<. 

45. 

'6. 

47. 

48. 

49. 

SO. 

Sl. 

52. 

TOP 

13.0204 

MI[J 

18.2981 

MUDLINE 

17.6174 

50'1:PILE 

14 .5475 

50\FLG12 

13.6475 

3 3 \PILE 

1 J .8 

13 

13 . 8 

l3 .8 

J 3. 

0 . 4 07 

0. "' 
0. '111 

0 .575 

0 . 5·15 

14.'I 

14.'I 

14 .7 

13 .8 

1, 0. 

PAGE NO. 

0 .259 428. "' 137.195 0,'168752 5.6166 7, 614 6 

0 . 4 54 6fi]. !S 240.418 1.16038 5.2992 13.3476 

0 .418 624 . 984 221. 373 1.015'15 s . 6718 12 . 28 92 

0 25 429.481 109.714 0.986568 .935 6.9 

25 388. 166 72.2107 . 967818 .935 6 

53. 12.245 13.B 0.475 14.7 0.2 367.152 106.004 0.557101 6.555 5.88 

54. END 
55. UNIT FEET KIP 

56. DEFINE t-'.ATERI AL START 

57. ISOTROPIC STEEL 

58. E 4.176E+006 

59. POISSON 0.3 

60. DENSITY 0.489024 

61. ALPHA G.SE-006 

6~. DAMP 0.03 

63. END PEFINE MATERIAi 

64. UNIT JNCHRS Kll' 

65. CONSTANTS 

66. BETA O MEMB 8 9 

67. l-".ATERIAL STEEL ALL 

68. • 9 UPTABLE 501,PILE 

69. ~9 UPTABLf. 2 33-\PlLE 

70, *9 UPTABLE 2 SO\FLG12 

71. MEMBER PROPERTY AMERICAN 

'12 1 24 TO 26 TADLV. ST HP14X89 

?J. MEMBER. PROPERTY Nli.ERICI\N 

74. 9 UP'l"ABLE 2 TOP 

7<:,. 2 TO 4 20 TO 23 OPTAIH,E 2 MUDLINE 

"/6. MEMBER PROPERTY i\Ml,;l<ICI\N 

7"!. 7 8 Ul'Tl\.BLE 2 M1D 

78. SUPPORTS 

'l<i J 1 O PINNED 
81. LOhD 3 I.OADTYPE \~IND 'fl'fl,I:: WAVE 

8?.. JOINT I,OAV 

83. 1 MZ 204 

84. 1 O MZ 204 
86. LOAD 4 LOADTYPE WIND T!TLI,: WIND Y AXIS 

87 JOINT LOAD 

88 1 Mt'. 80.4 

BY. 10 MZ 79.2 
g1. LOAD 5 LOADTYPE WIND T[TJ,E CURRENT 

92 JOIITT LOAD 

93. l MZ 19.2 

94. 10 MZ 25.2 

95. LOAD COMB 6 HRPT LOhO Cl\SE 5 

96. 5 O 714 3 0.714 1 0.714 

98. PERFORM ANALYSTS 

Tuesday, May 06, 2014, 03:54 PM 

' 

C:\Users\bcookJ\Dcsktop\HRPT Pile Cl1eck\Later·aJ\Finge1· Pier\Flnger P1ez· Severe PileC, P-inger P.ier\LC 5\Pier40_1nd.i\•idual 



STAAD SPACE 

P R O B L E M 

NUMBBR OP JOINTS 
NUMBBR Of' PLATES 
NUMBBR OP SURFACES 

8 T A T I S T I C S 

15 HUMBER OP MEMBBRS 
O NUMBER OP SOLIDS 
O NUMBER OF SOPPORTS 

SOLVBR USED IS THE IN-CORE ADVANCED SOLVBR 

14 

0 
2 

TOTAL PRIMARY LOAD CASES 3, TOTAL DEGREES OP FREEDOM 

!J)Xi,'.Ci i· •!·I :,1, 

PROBP..BLE CAUSE SlNGUL~R-ADDING WEAK SPRING 

PAGE NO. 

" 

K-MI\TRIX DIAG= 4.9767912E+02 L~MATRIX DIAG= 2.5579538E-1J EQN NO 14 
.. •r·,··11 1_:, •L•i·!• 11·'° 

99. PARAMETER 1 
100. CODE AISC 
1 01. FYLD 36 ALL 
102. LX 310 .1 MEMB ' 7 TO 9 20 TO 23 
103. UNB 310. l MEMB 4 7 TO 9 20 TO 23 

104. UNT 310.1 MEMS 4 7 TO 9 20 TO 23 
105. LX 241.9 MEMB 1 TO 3 24 TO 26 
106. UNB 241. 9 MEMB 1 TO 3 24 TO 26 
10·1. UNT 241.9 MEMB 1 TO 3 " TO 26 
108. CHECK CODE ALL 

Tuesday, May 06, 2014, 03:54 PM 

c: \ users \bcookJ \Desktop\HRPT Pi 1 e Check\Lateral \Finger Pier\Finger Pier Severe Piles Pinger Pier\LC 5 \Pier40 Indi \•idual 



Tuesday, May 06, 2014, 03:54 PM 

STAAD SPACF.: PAGE NO. 

STAAD, Pro CODE CHECKING - (AISC 9TH EDITION) vl. 0 

ALL UNITS ARE - KIP INCH (UNLESS OTHl!:RWISE Noted) 

MEMBER TABLE RESULT/ CRITICAL CONDI RATIO/ LOADING/ 
FX MY MZ LOCATION 

==•••£~=c--c~•===-===-----•-----~5=------B•••--------------~·~==-------

ST HP14XB9 (AlSC SECTIONS) 

PASS Al SC· Hl-3 0 . 071 6 
0, 00 T 0. 00 21 G. 77 0 .00 

2 ST MUDLINE (Ul"l') 

l'ASS AISC- Hl- . 054 6 
(). 00 T 0.00 10:-.. '18 .00 

ST MUDLINE (U.£11') 

PASS 1\ISC- Ill - 3 .0]9 ' . oo T 0 . 00 ·14 . 28 0 . 00 

' ST MUDLINE {UPT) 

PASS AISC- Hl-3 o • CJ 1 S 6 

0 00 T 0.00 25. 20 () . 00 

ST MlD (UPT) 

PASS l\.ISC- HJ - l 0 092 

0 . 00 1' 0.00 -167 95 " .oo 
0 ST MID (UPT) 

Pl\SS AJ.SC- Hl- 0 .096 6 

0 . Oo 1 0.00 -1 "lS . 08 9 . 00 

SJ TOP (UPTI 

PASS AISC- HJ l .214 6 
0 . 00 1' o.oc -220 .20 5 ·, .00 

20 ST MlllJLINE (UPT) 

PASS AISC- Hl o. 069 6 

0 . 00 1 0 00 118. 08 Q 00 

2l ST MUlJLJN~; (UPT) 

PASS AISC- HJ 0 .030 
. 00 'j 0.00 50 .40 0 . 00 

22 .<:;T MUlJLINE (UFT) 

PASS AISC- HJ 1 0 .049 0 

o .00 'f 0.00 84.24 Q. 00 

21 s·r MUDLINE IUPT) 

PASS AISC- HJ . J .010 
. 00 1 0.00 · l 7 . 74 42 7S 

24 ST HP14X89 (AISC SECTIONS) 

PASS AISC- Hl 3 0 .067 6 

0. 00 1 0.00 JOB 27 0 . 00 

25 ST HP14.X89 (AISC S&:CTIONS) 

PASS AISC- \!I - 3 0 .057 ' 
0 . 0 0 T 0.00 1S9. 77 o.oo 

26 ST HP14X89 (AJSC SE("1'10NS) 

PASS AISC- ~n - 1 0. 046 ' 
0 . 00 T 0.00 131 . 28 0 . 00 

109. LOAD LlS'i 6 

110. f'!NlSH 

C, \Users\bcookJ\Desktop\HRPT J.>1le Cf1t'ck\Laccr<1l\1''ingei· P1er\E'ir1ger Pier· Severe Piles Pinger Piez\LC" S\Pier40_1IJdividual 



STAAD SPACE PAGE NO. 

•~•• DA'l'E: Ml\Y 6,2014 TIME: 15:SJ:J) •••• 

For questions on STAAfJ.Pro, please contacL 

Bentley Sy6ten1s or Partner offices 

'l'elephone Web I Email 

us• +l ( 114) 974-2500 

lJK +44 (OI BOB 101 9246 

£JNGAPORE +65 622!:i-6158 

FRANCE '33 ( 0) 1 5523fl400 

GERMANY +49 0931 4 04 68 

INDIA + 91 {0)3) 4006·2021 

JAPAN + 81 (03)5952-6500 http://www.ctc-g.co.jp 

CHINA +86 21 6288 4040 

THAILAND +66 (0)2645-1018/19 part ha. pGf,reinoftwareth. 

Worldwide http://selectservices.bentley.com/en-US/ 

corn• 

Tuesday, May 06, 2014, 03:54 PM 
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Tuesday, May 06, 2014 , 0 4:04 PM 

PAGE NO. 

...............•.......................••........... 

• 

STAAO. Pro V8i SELECTeeriea4 
version 20.07.09.31 
Propr ietary Program of 
Bentley Systems, Inc. 
Date• MAY l, 2014 
Time• 14:50:25 

USER ID: CH2M HILL 

• 
• 

...........•...........•............................ 

J. STAAlJ SPACE 
I NPUT FlLE : Pier40_ I ndividual _ Bending_ Finger Pier_.LC"l . S1J'O 

2 . START JOB INFORMATION 
3 . ENGINEER DATE 12 - MARCH -2014 
4 . END JOB I NFORMATION 
5 . INPU'l' WIDTH 79 

6 . UNIT FEET KIP 
1 . JOI NT COORDINATES 
8 . l O - 9 0 ; 2 0 3 0 ; 3 0 6 0 ; •I O 9 . 8 9 0 ; S O ] 2 • 2 3 0 ; ·1 0 2 t: . 2 S O; 8 0 31 . ~ 0 

9 . 9 0 32 . 2 ~ O; 10 0 37 0 ; l~ 0 19 . 12 $ 0 ; "i6 0 22 .68 75 O; 17 0 15 . 5625 0 

10. Ja O - 6 0 ; 19 0 - 3 0 ; 20 0 0 0 
11. MEMBER INCIDENCES 
i;, . l I 18 ; 2 2 J ; 3 3 4; 4 4 5 ; 7 8 ; 6 8 Y; 9 9 10 ; LO I J f, ; 2 1 15 17; 2'.' l o 1 ', 
13 . 23 17 ~; ' ·1 18 19; 2'> 1 9 20; 2(, 20? 

14 . START USER TABLE 
16 . TABLE 2 
17 . UN l T I NCHES KIP 
18, WIDE FLANGE 
19. TOP 
20 . 
21. 
22 . 

23 . 
24. 
26 . 

J3 . 0204 13. 8 0 . 407 
MID 
18 .2 98 1 13.8 o. 384 
MUDLINE 
17 . 617 4 13. a 0 . 411 
END 

28. UNIT FEET KT P 

14. 7 

14 . 7 

14.7 

29. DE FINE MATERIAL START 
30 . lSOTROPlC STEEL 
31, E 4. l 76Es 006 
32. POISSON 0 . 3 
33. DENSITY 0.4 89024 
34. ALPHA 6. SE-006 
35. DAMP 0.03 
36 . END DEFINE MATERIAL 
38. UNI T INCHES KIP 
39 . CONSTANTS 
40. BETA O MEMB 8 9 
41 . MATERIAL STllEL ALL 

0 .2 59 

0. 4 54 

0 . 41 8 

43 . MEMBER PROPERTY AMllRICAN 

428 . 563 

663 . 1 5 

624 . 984 

13 '1. 195 0 .4 687 52 5 . 6166 7 .6146 

210 .418 1.1 6038 5 . 2992 13.3476 

221.373 l .01575 5. 6718 12 .2892 

>//L/ 

C': \Us ers\bcookJ \Desktop\HRP1' Pile C!Jeck\Later a l\Finger Pie,·\Finger Pier severe Piles Fi nger Piei-\LC7 Fa il\Pier40_ Indivi 



STAArJ SPACE · · PAGE NO. 

44. 1 24 TO 26 TABLE ST HP14X89 
45. MEMBER PROPERTY AMERICAN 
46. 9 UPT;tffiLE 2 TOP 
47. 2 TO 4 20 TO 23 UPTABLE 2 MUDLINE 
48. MEMBER PROPERTY AMERICAN 
49. 7 8 UPTADLE 2 MID 
51. SUPPORTS 
52. 1 10 PINNED 
54. LOAD 1 LOADTYPE ICE TITLE EARTHQUAKE (MAJOR AXIS) 
SS. JOINT LOAD 
56. 1 MZ 876 
57. 10 MZ 860.4 

58. LOAD COMB 2 HRPT LOAD CASE 7 
59. 1 0.75 

61. PERFORM ANALYSIS 

PROBLEM 

NUMBER OF JOINTS 
NUMBER OF PLATES 
NUMBER OF SURFACES 

S T A T I S T I C S 

15 NUMBER OF MEMBERS 
O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER TJSED IS THB IN-CORE ADVANCED SOLVBR 

14 
0 

2 

TOTAu PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM 

'' ·~u\1-:Nl N<, ·rn~u .. 1,1;.11·,· h"J .1,,1i.r 
PROBABI,E CAUSE SINGULAR-ADDING liEAK SPRING 
K·MATRIX DIAG~ 5.57414918+02 L MATRIX DlAG= 

.·,1-,1,1 

62. PARAMETER 1 
63. CODE AISC 
64. FYLD 36 ALL 

65. LX. 297. 2 MEMB 7 TO 9 20 TO 23 
66. UNB 297.2 MEMB 7 TO 9 20 TO 23 

67. UNT 29'/.2 MEMB 7 TO 9 20 TO 23 
68. LX 254. 76 MEMB 1 TO 4 " TO 26 
69. UNB 254. 76 MEMB 1 TO 4 " TO 26 

70. UNT 254,76 MEMB 1 TO 4 24 TO 26 
11. CHECK CODE ALL 

/,\', 

.1368684E-1] EON NO 

" 

Tuesday, May 06, 2014, 04:04 PM 

2 

14 
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Tuesday, May 06, 2014, 0'1:04 PM 

STAAD SPACE -- PAGE NO. 

STAAD.Pro CODE CHBCKING - {AISC 9TH EDITION) vl.O 

ALL UNITS ARE KIP INCH (UNLESS OTHERWISE Noted) 

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/ 

FX MY MZ LOCATION 

=======•~===========s•=====P•===•==•====~==========~•••~•======~•••~c:: 

ST Hl'14Xfl9 (ATSC SEC''rlONS) 

PASS ATSC- 10- 0. 310 

0 • 0(1 T 0. 0(1 876 .00 00 

2 ST KtJDLINE (UPT) 

PASS ATSC- HJ ·3 0 .22;; J 

0 .oo T 0.00 423 .03 0 . 00 

ST MUDI,INE (UP1') 

PASS ATSC· HJ 3 0 .164 

0 .00 T O. Oil 309 .7B 0 . 00 

ST MUDLJNI,; (UPTl 

PASS l\JSC· Hl-J 0. OB6 

0. 00 T 0.00 162 .94 0 . 00 

ST MIO (UPTl 

PASS Al SC- 1-!1· 0. 348 

.00 1 0.00 -652 . '9 63 . 00 

S'f MTD l UPT) 

PASS Al SC- Hl- .363 

0 .00 T 0.00 - 681 . l<• . 00 

' ST TOP (UPT) 

PASS AISC· Ill- 0 . 8 36 l 

0 .00 T O.CIO ·860 .40 57 . 00 

20 ST MUDLINE (UPT) 

PASS Al SC· Ill - 3 0 .261 

0 . 00 T 0.00 454 - 6J 0. GO 

2J S'f MUULINE (UPT) 

PASS Al SC- Hl - 3 o _ JOE 

0 .00 T 0.00 185. 66 . 00 

22 51' MUDLINb: (UPTI 

PASS Al SC'- Hl - 3 0 . l 84 

0. 00 T 0.00 120 - J J 0. 00 

23 ST :,ruoLINE IUPT) 

PA.SS Al SC- Hl-3 0 .043 

0 .00 T 0.00 . 74 .6J 39. 99 

24 ST HP14X89 (A.ISC SECTIONS) 

P/1.SS AISC· Ill - 3 0. 270 

0 . 00 T 0. OCI 762. '16 0 .00 

25 ST IIP14X89 fAISC SECTIONS) 

PASS AISC- Hl-3 0 .230 

0. 00 T 0. (IQ 64 9. SJ 0. 00 

26 ST H\Jl4X8~ (AISC SF.CTTONS l 

PASS !\ISC· Ill - J 0. J 90 

0. 00 T Q_OQ 5]6 _ 2'1 0 . 00 

73 FINISH 

C; \Users\bcookJ\Desktup\HRPT Pile Check\Late1-a.l \Finger Pier\f'inger Pier Severe Piles Finger ..Djer\LC7 f'ail \Piel·4o_Indivi 



STMD SPACE 

*****tt•••• END OF THE STAAD.Pro RUN***"******* 

**** DATE= MAY 1,2014 TIME= 14:S0:25 •••• 

Fo1 quest ions on STAAO. Pro, please contact 
Bentley Syntems or Partner offices 

Telephone Web I Email 
USA ,1 {714) 974-2!>00 

UK '" 10) 808 101 9246 

SINGAPORE t6S 6225-Gl58 

FRAN Cl> '33 {O) 1 55238.\00 

GERMANY '" 09)1 4 0468 

lNDIA ,91 (OJJ) 4006-2021 

PAGB NO. 

.lAPAN ,,, {03)5952-6500 http://www.clc-g.co.jp 

CHINA '" 21 6288 4040 

THA!LJ\ND '" (0)2645-1018/19 part ha. p·i•reisof twareth com• 

Worldwide http://selectservices.bentley.coin/en-US/ 

Tuesday, May 06, 201'1, 0'1:04 PM 

C: \ Users\bcook.3 \Desktop\HRPT Pile Check \Lat.era 1 I f'i nger Pler\ Finger Pier Sev~1·e pj Jes 1"1nger Pier\ LC7 Fa i 1 \ Pi er,1 a Indi vi 
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Tuesday, May 06 , 2014, 

PAGE NO. 
A·i t il< 

Ch r\ Vv.h 
..... ..•..........•....•...••......•..............•. 

STAAD.Pro V8i SELBCTseriee4 
Version 20.07.09.31 
Pr oprietary Program of 
Bentley Systems, Inc . 

* <::::; / \L..J [ 1..1 

Date• APR 16, 2014 
Time= 15:12:27 * 

USER ID: CH2M HILL 
............•.•.................................•... 

l. STAAD SPACE 
INPUT FI LE : Pier40_ I ndividua1 _Column_Shed t~ajor f'inger P1 e r. STD 

2. START JOB I NFORMATION 
3. ENGINEER DATE 12 - MARCH· 201 4 
4 . END JOB INFORMATI ON 
5. INPUT WI DTH 79 
6. UNIT FEET KIP 
7 . J OI NT COORDINATES 
8 . 1 0 - 9 0 ; 2 0 3 0 ; 3 0 6 0 ; 4 0 ~ 0 ; 5 0 I ? 0 ; I O 26 . 2) 0 ; & 0 31.5 0 
9 . 9 0 32 . 2 ~ O; 10 0 3 7 0; 1, 0 19 .1 25 0; 16 0 :'2. 68/ ~ U; 17 0 l~ . 5 6'.!5 0 

10 . 18 0 · ~ 0 : 19 0 - 3 0; 20 0 0 0 
11 . MEMBER I NCIDENCES 
\? . I I 18 ; 2 2 3; ·1 J 4; 4 4 5 ; 7 7 8 ; 8 8 9 ; 9 9 10 ; ~O 7 16 ; 2 1 15 17 ; ?2 l 6 ] ', 

13 . 2 3 17 , : 2 4 18 l 'l; 2~ 1 9 J O; 26 20 2 
l 4 . START USER TABL~ 
1 S . TABLE 2 
16 . UNIT I NCHES KIP 
1 ·1. WI DE FLANGE 
18 . TOP 
19. 17 .7807 13.8 0 . 485 14 .7 0 . 39 604.828 206 . 598 1 .076 4 5 6.693 11.466 

20. MID 
21. 18.695 13 . 8 0 . 41 7 14.7 0. 453 667 .855 239 . 905 l . 22266 5.7546 13.3182 
2, . MUDLI NE 
23 . 17.8222 13. 8 0 . 44 14. 7 0.412 623 . 053 218. 213 l .05 381 6 . 072 12 . 1128 

24 . END 
25 . UNIT FEET Y.JP 
26 . DEFINE MATERIAL START 
27 . ISOTROPIC STEEL 
28 . E 4 . 176E•006 
29. POI SSON 0.3 
30 . DENSI TY 0 . 489024 
31 . ALPHA 6 . Sll - 006 
32 . DAMP 0.03 
33 . END DEf'INE MATERIAL 
34 . UNIT I NCHES Kl P 
35. CONSTANTS 
36 . BETA O MEMB 8 9 
37 . MATERIAL STEEL ALL 
38. MEMBER PROPERTY AMERI CAN 

11: 4 4 A M 

5(/~ 

C: \Users \ bcook J \Desktop\llRPT Pile Check\Axial \Finger Pie r \Najor Pi l e\Pi e r4 0_ I ndi v i dual_Col umn_ Shed Major Fi ng e r Pi er. a, 



STMD SPACE 

39. 24 TO 26 TABLE ST HP14X89 

40. MEMBER PR.Ol'ERTY AMERICAN 

41. 9 UPTABLE 2 TOP 

42 2 'l'O 4 20 TO 23 UPTA.BLE 2 MUDLINE 

4 3. MEMBER PROPER1'Y AMERICAN 
44 ·1 8 UPTMLE 2 MID 

45 SUPPORTS 

46. l FIXED 

47. 10 FIXED BUT FY 

4 8. MEMBER R'EI,EASE 

49. 9 END MPY O.S MPZ C.~ 

50. LOAD 1 LOADTYPE DEAD TITLE DE:A.Dt\1EARJNG SUR~'ACP. 

51. JOJNT LOAD 

52 10 FY 175.6 

53 PERFORM BUCY.LlNG ANALYSIS MA.XSTEP 201:\ 

PROBLEM 

NUMBER OF JOINTS 
NUMBER OF ~LATES 

NUMBER OF SURFACES 

S T A T I S T I C S 

15 NUMBER OF MEMBERS 
O NUMBER OF SOLIDS 

O NUMBER OF SUPPORTS 

SOLVER USBD IS THE IN·CORE ADVANCED SOLVER 

" 0 

' 

TOTAL PRIMARY LOAD CASES l, TOTAL DEGREES OF FREEDOM 

TLJ('Sday, Ma_v 06, 2014, l 1: 44 AM 

PAGE NO. 

" 

C:\Users\bcook3\!Jeskto_p\HRPT P1le Chl'ck\Axjal\Fingcr P.rc>r\Najor f'lle\Pier<IO Individual Colillfln Shed Major Finger· Pier ,H 



STMD SPACE 

MODE 

54. FINISH 

CALCULATED BUCKI,ING FACTORS J<'OR WAD CASE 

DUCKLING FACTOR 

4. 86092 

'i.59280 

13.18304 

19.07985 

****"**"''*• END OF THE STAAD.Pro RUN'*******"'** 

**** DA.TE= A.PR 16,2014 TIME= 15:12:2fJ "*** 

Tuesday, Nay 06, 2DJ·1, 11:<J4 AM 

PAGE NO. 

C':\Usei·s\bcookJ\Desktop\llRPT Pllci Check\AJ.:1al\P1nger P1er\Najor Pjle\Pier40_Ind1vidual Colwt111_Shed Major F'inge1· PieT at 



STAAD SPACF. PAGE ND. 

For q11estions on STA/ID.Pro, please contact 

Rentley system!:l or Partner offices 

Telephone Web I F.111a i l 

USA " (714) 974-2500 

UK '" (0) 808 101 92 4 6 

SINGAPORE '" 6225-6150 

FRANCE ~ J 3 ( 0) 1 55238400 

GERJ.fl\NY "' 0911 40168 

1NDIA. . " ( 03 3 J 4006-2021 

JAl>AN ... 81 (OJ l 5952-6500 htt.p: I /www. etc ·g. co. jp 

CHINA ·86 21 6288 4 04 0 

THAJLRND '" (0)2645-1018/19 partha. pJ,rei software th. 

Worldwide hlLp: I/ sclectscrv ices. bent l!:!y. com/ en-US/ 

CO([\~ 

Tuesday, May 06, 2014, 11 :44 AM 

C'; \ users \b.::ookJ \ DDsktop \!lRl'T Pi le CliecJ.. \Ax .i al \Finger Pier \Ma jar Pi 1 !'.!\Pi er40 Tndl v.idual . Colum11_shed Major· F 1nge1· Pi er. ~1 
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PAGE NO . 

····· ·········· ············ ························· 
STAAD.Pro V8i SBLECTseries4 
Version 20 . 07 . 09 . 31 
Prop r ie t ary Program o f 
Bentley Systems, Inc . 
Dates APR 16 , 2014 
Times 15: 48 :3 9 

USBR ID: CH2M HILL 

···········••················•······················ 

i . STAAO SPACI> 
INPUT FILE: Pier40_ Ind ividual_Column_shedf Mod~rate Finger Pier.STD 

2. START JOB INFORMATION 
3 . ENGINEER DATE 12 - MI\RCH-2011 
4. F. ND JOB I NFORMATION 
5. INPUT WIDTH 79 
6. UNIT FEET KIP 
7. J OINT COORDINATES 

Tuesday, May 06, 2014, 11:42 AM 

8 . l u -9 0 ; ? O 3 0 : 3 0 6 0 : 4 0 q 0 ; ~ 0 12 0 : 7 0 ~6 . 2~ O; B O H. 5 O 
9. 9 0 32.~5 O; 10 0 37 0; 1~ 0 l:J . 12~ 0; 16 0 22 . 6875 0 : J7 n 15 . ~625 O 

JO . !8 O -6 0 : 19 0 - 3 0 : 20 0 0 0 
11. MEMBER INCIDENCES 
J? . 1 ·1 18 ; 2 :' J; 3 3 4; 4 ~ '., ; -, I II; 0 Q 9 ; ~ 9 J O; 2 0 7 lb ; '•! 15 17 ; ~, H, ! '.> 

13 . 23 17 '., ; 2 4 JU 19 ; 25 I~ ? 0 ; 26 20 :> 
14. START USER TABLE 
15. TABLE 2 
16 . UNIT INCHES KlP 
I 7 . ~HOE FLANGE 
18. 

l 9. 

20. 
21. 

n. 
23. 

TOP 
18 . 7485 
MID 
17.7912 
MUDL I NE 
17 . 7912 

24 . END 

13. 8 0 .43 

13 . 8 0 .42 

l3. 8 0 .1 2 

25. UNI T PEET KIP 

14 . 7 

14.7 

J 4 . 7 

26. DEFINE MATERI AL START 
27. I SOTROPI C STEEL 
28. E 4 .176Et 006 
29. POISSON 0.3 
30. DENS ITY 0 . 48 902 4 
31. ALPHA 6.5E-006 
32. DAMP 0.03 
33. END DEFINE MATERIAL 
34 . UNIT INCHES KIP 
35. CONSTANTS 
36. llETA O MEMB 8 9 
37. MATERI AL STEEL ALL 

0 . 449 

0.42 

0.42 

38. MEMBER PROPERTY AMERICAN 

665.43 

629.017 

629.017 

237.795 1. 22902 5.934 13. 2006 

222.43 7 1.04612 !',. 796 12. 348 

222 . 4 37 l . 04612 5 . 796 12.348 

c·\Users\bcookJ\Desk t op\ flRPT Pile Check\Axial\f'i nger Pier \~Toderate Pile\Pier40_Indjvidual Col umn_Shed Moderate Pinger I 



ST/\AD SPAC8 

39 1 24 TO 26 1'1\BLE ST HP14X89 

40. MEMRER PROPERTY AMERICAN 

41. 9 UPTABLE 2 TOP 

42. 2 TO 4 20 TO 23 UPTABLE 2 M!JULINE: 

IJ.3. MEMBER PROPER'fY AMERICAN 

44. 7 El UPTARLE 2 MID 

45. SUPPORTS 
46. 1 PlXED 

47 10 PIXED BUT FY 
48 MEMBER REI~EASE 

49 9 END MPY 0_5 MPZ O 5 

50. LOAD 1 I,OADTYPF. DEAD TITLE DEAD+WEAR.ING SlJRF'ACF.: 

51. JOINT LOAD 

52. 10 FY -1~5 6 
53. PERFORM BUCKLING ANALYSIS MAX5TE,;l' 200 

P R O B L E M 

HUMBER OF JOINTS 
NUMBER OF PLATES 
NUMBER OF SURFACES 

STATISTICS 

15 NUMBER OF MEMBERS 
O NUMBER OP SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER USED IS THE IN-CORE ADVANCED SOLVER 

l4 

0 
2 

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM 

Tuesday, May 06, 2014, 11:42 11.M 

PJ\GF.: NO. 2 

79 

C:\Users\bcookJ1Vesktop\H~PT P1le ctieck\Axial\F111ger Pier\Moderate Pzle\Pier40 lndividual Column Shed Moderate Vinger, 



STAAD SPI\CE 

MODE 

' 

54. FINIStl 

CALCULA.TP.D 13UCKL] NG FACTORS FOR LOA.D CASE 

BUCKl,ING FI\CTOR 

5.03402 

9.84173 
1) .4035'1 

19.42029 

••******"I* END OF THE S'I'AAD.Pro RUN"'********** 

**** DATE= APR 1U,20l4 TIMF.• 15:48:40 **** 

Tuesday, May OG, 2014, 11:42 AM 

PAGE NO. 

1 

c, \ Users \bcookJ \Desktop\ HRPT Pi le Cl1eck \A.xiaJ \ Pinger Pier \Moderate P1 le\ Piez·40 _Jndi vi dua 1 _Column_ Shed Moderate F'111ger J 



S'l'AJ:.[J SPACE - - PA.GE NO. 

Par questions on STMJJ. Pro, p1ease conta.cl 

Bentley Systems or Parlner offices 

Telephone Web I Erne, i l 

USA ,1 ( 714) 974 -?.500 

UK • 44 (0 I SOB 101 924 G 

SINGAPORE +6 S 6225-6158 

PRANCE '33 10) 1 ~5238400 

GERMANY ,49 0931 40468 

INDIA • 91 ( 0 3 3) 4006-2021 

,JAPAN • Bl (03)~952-6500 lll t p 1/www.cLc-g.co.jp 

CHINA ,86 21 6288 4040 

THAILAND '" (012645-)018/19 partlla _ p,,,reisof twa re.th .com* 

worldwide- hltp: / / se lectse:rvices. bent 1 ey _com/en-US/ 

Tuesday, May 06, 2014, 11 :42 AM 

4 

c· \Usei·s\bcook3\Desktop\HRPT Pile Check\A,nal \Finger Pier\Modez·ate Pile\Pier40_Ind.ividual Column Shed Moder-<1tc> Finger 1 



Job No. ____ __ _ 

CH2MHILL* Sheet No. _ ___!____ ___ _ 

f ! (O Date ______ _ 
Job Name /i /? f ,r ~ (/ r Computed By ~ ----,--

Subject /l!l ,rw ;J, ~ Checked By ft (M / / f / ,t)}Y 
~------------- - ;,.,11? t:Jc >/r/1~ 

/ / , ;· - ( fvt ,,,,_.,,. ( Ir ) (_ cs. C G(ob..,I It.., "· 

- . . . . · ) , 

'( J 
. .C: I I 

I ' J F· .~/JI 

I ,1-~\ J L,.J : I I ') 
' 1 

...; 

I ·: ~ , I J As-_. I ·1 ' . .I ~ .. 

/\;.1._,i 11-Cj .t /P 1/' 
• 1 

-hJ J 
f3F: S.1/ J 
[. GL. /OJ ?, g, ff J 

I I ,. I ~(" r f I •· , . / ' •\ 

I () ; · 1 ;- i:. • t' I c ._ 

~" ! 
y· I , 

(L 2) J 
LJ J< I 

'( 

L-/l ,b~ f J 

--; t. -~ d J 

J 

( 

' 'I l,,!, l 
i),b , Ob J 

,. 
'I r:- ~ .., r r; - ~ ' -::- .) ' 

Ch((_ r. r -n 
vf <~~:- 11/./j / 1-,-

( \ r, 11', 

I 

/t lr, . . 1v.J 1~r.~1',.1 
·, " I - J 

I /() 

I , ·1 ) 
> J.. 

.I I s l/5 -J 

) \ I ~ 
; 

/ ., . ., 

,; J 

L /( r ,, ( 

' I 

- I .-, 

I 



STA.AD.Pro V8i SELECTser ies4 

Version 20.07 . 09.31 
Proprietary Program of 

Bentley Systems, Inc. 

Date~ APR 16, 201 4 

Time• 16: 9:52 

USER ID: CH2M HILL 

PAGE NO . 

********············································ 

1. STAAD SPACE 
INPUT FILE : Pi e r40_ Individual_Co l unm_ S hed Minor Finger Pier . STD 

2. START JOB INFORMATION 
3. ENGINEER DATE 12 - MARCfl -2014 

4 . END JOB lNFORM/\'J'ION 

5. INPUT WIDTH 7 9 

6. UNIT FEET KTP 

7. JOINT COORDTNTl1'ES 
ii . 1 O - ? O; ? O 3 0 ; 3 0 6 0 ; 4 0 9 (J ; 5 0 J 2 0 ; 1 0 co. 2 5 D; 8 0 3 J . '> 0 
9. 9 O 32. 2 5 O; J O O 31 0 ; J 'j O 19 . 125 0 ; 16 0 22 . 687'., 0 ; 17 0 15 . ~625 O 

J O. 18 O - 6 0; 19 0 · 3 O; 20 0 0 0 

11 . MEMBER I NCIDENCES 

Tuesday, May 06, 2014, 11:43 llM 

(_ n 

"I'.! . l 1 18; 2 ~ ) ; 3 3 (j ; 4 4 ) i ·, 8 ; 8 8 9 ; <J 9 lfl; 2 0 7 16; -,I I ~ 11 ; ~J 16 15 

13. c3 11 ~; ?. 4 1s 19; 7 '> 19 20 ; 26 ~o 2 

14 . START USER TABLE 

1 5. TABLE 2 
1 6. UNIT INCHE8 KIP 

1 7 . WIDE FLANGE 

18 . TOP 

1 9 . 

20. 

21. 

22. 

2 3. 
24 . 

25. 6108 

MID 

18 .7657 

MUDLlNE 

22.2422 

END 

13. 8 

13.8 

13 . 8 

25. UNIT FEET KI P 

0 . 608 

0 . 493 

0. 54 $ 

14. 7 

14 . 7 

14. 7 

26. DEFINE MATERIAL START 

27 . ISOTROPIC STEEL 
28 . E 4 . 176E+ 006 

29. POISSON 0.3 
30 . DENSITY 0 .489024 

31. hLPHA 6 . SE · 006 

32 . DAMP 0 . 03 

33. END DEFINE MATERIAL 

34. UN IT INCHES KTP 

35. CONSTANTS 

36 . BETA O MEMB 8 9 

37. MATERI AL STEEL ALL 

0. Gll 

0 .4 21 

0 52 

38 . MEMBER PROPERTY AMERICAN 

882.563 

64 3 . 4 5 2 

768 . 7 42 

37.3. 7 11 3 . 1 777 8. 3 904 17 .963 1 

223 . 015 1 .24 882 6 . 80 34 12.3774 

275. 47 1 2 . 06648 7 .52 1 l~.288 

C: \ Users\bcook J \Desk top\ HRPT Pil e Chec k \AXidl \Finger Pi ei· \Mi nor Pi I e \ Pier40_ Individual _Column_ Shed Minor Fi nger Pier. a , 



STAAD SPACE 

J9 1 24 TO 26 TABLE ST HP14XB9 

40. M6MBER PROl-'ERTY AMERICAN 
41. 9 UPTABLF.: 2 TOP 

42. 2 TO 4 20 TO 21 UPTABl,E 2 MUDLINF.: 

41. MEMBER PROPERTY AMEFICAN 
44. 7 6 UPTARLE 2 MID 
4 S. SUPl-'ORTS 
46. 1 PIXED 
47. JO FIXED BUT FY 

4B. MEMBER RELEASE 

49. 9 END MPY 0.5 MPZ 0.5 
SO. LOAD 1 LOADTYPE OF.AD TITLE DEAD+WEARlNG St.JRPACE 
51 .• lOlNT LOAD 

52. JO FY -1·1s.6 

SJ. PERFORM UUCKLING ANALYSIS MAXSTEP 200 

P R O • L EM s T A T l S T I c s 
--------------------------------

NUMBER OF JOINTS 15 NUMBER OF MEMBERS 

NUMBER OF PLATES 0 NUMBER OF SOLIDS 
NUMBER OF SURFACES 0 NUMBER OF SOFPORTS 

SOLVER USED IS THE IN·CORB ADVANCED SOLVER 

14 
0 

2 

TOTAL PRIMARY LOAD CASES l, TOTAL DEGRBES OF FREEDOM 

Tuesday, May 06, 2014, 11:43 AM 

PAGE NO. ' 

" 

C: I Usl:lrs \bcookJ \Df'Sk top\HRPT Pi le Check\Axial I F'i ngfT Pi er\Minor f'i le\ Pic-r4 O _lndi vi dual _ Col LU!ln_Shf'd Mino1 Pinger I'i er. a1 



Tuesday, May 06, /.014, 11:43 AM 

STI-Jill SPTI.CE PAGE NO. 

CALCULATE:D BUCKLING FACTORS FOR LOAD Cl,SE 

MODE BUCKLING FACTOR 

s. 91744 

2 11. 7 87 76 

lS . 7()2'J6 

22 . 6919!"> 

54. Fl NISH 

*****•***•• F.ND OF THE STA.AD.Pro RUN•*•········ 

•••• DATE= APR 16,7.014 TIME"' 16: 9:52 •••• 

C: \ Users \bcookJ \Desktop \HRPT P.1le Clieck \Axi n l I F.i nger Pier\Mirior· Pi l c \Picr40 _ lndi vj dua 1 Column_ Shed Minor Finger P.1er. a1 



STAAD SPACE 

F'or qucslions on STAAD. Pro, please contat:t 

Bentley Syste1ns or Partner off ices 

Telephone Web I Rrnail 

USA +l < 714) 974-2500 

UK ... (O) 808 l 01 9246 

SINGAPORE •65 6225-6158 

FRANCE •33 ( 0) l 55238400 

GERMANY +'9 0931 40460 

INDIA. +91 10331 4006·202J 

PAGE NQ. 

JAPAN +81 (03) 5952·6500 http: //www. ctc-g. co. jp 
CHINA. +86 21 6288 '1040 

'THAlL.r.ND +66 (0)2645-1010/19 part.h~.p@rei~oftwareth .corn• 

Worldwide http; I I se1 ectservices. hent.ley. com/en - US/ 

Tuesday, May 06, 2014, ll:43 AM 

c, \ Usprs \bcookJ \ DesJ:top\HRPT Pile Clieck\lLXial \Finget Pi ez· \Mi nor l'il e \ Pier4 o Indi v1dual Column_ Shed Minor f'i nger Pier. a, 



CH2MHILL SUBJECT _________ _ BY - - - - - -----

~,c:(/f.. L. SHEETNO._ or _ DATE----

--- PROJECT NO.------- -
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STAAD.Pro V8i SBLECTseries4 

Version 20.07.09.31 

Proprietary Program of 

Bentley Systems, Inc. 

Date • MAY 15, 2014 

Time • 14:16:57 

USBR ID: CH2M HILL 

PAm~ NO. 

******* ********************************************* 

1. STAAD SPAC8 
HIPUT FILE: Pier40_Individual_ Bending_ Fingei,' Pio>t· T,C!l.a1·0 

2. START JOB I NFORMATION 

3. ENGINEER DATE l, - Ml\RCH-2014 

~ . END JOB INFORMATION 

5. I NPUT WIDTH 79 

6 . UNIT FEET KIP 

7 . J OINT COORDI NATES 

Tllursday , May 15, 201 4, 02 :1 9 PM 

8 . l o -9 O; 2 O 3 O; 3 0 c; 0 : 4 O 9.8q O; ~ 0 12 0 : 7 0 26 . ~5 0 ; 8 0 31 - ~ O 
9. 9 0 3~. 25 O; 10 0 37 O; l~ 0 19.l?~ O; 16 0 72.6875 0; J7 0 15 . '.> 6.' :, Cl 

10 . 10 0 ·6 0; 19 0 -3 0; 20 0 0 . 83 U 

1 1 . MEMBER INCIDENCES 
J ? . I J 18 ; 2 2 3; J 3 4; 4 4 ';,; 7 7 8; 0 9; 9 9 10; 20 7 l E ; 21 J ", 1 1; 22 16 l~ 

13. 23 17 5; 24 18 19 ; 25 1 9 20; 26 20 ~ 

14 . START USER TABLE 

15. TABLE 1 
16 . UNIT FEET KIP 

17. WIDE FLANGE 

18. ORI GTNIIL 
] 9 . 0 . 179247 1 . 1~ 0.051 25 1 . 225 0.05125 0 .0428327 0.01 57136 0 . 0001 5693 4 -

20. 0.0589375 0. 1 25563 

2 1 . 0.25_ THICK 
22 . 0 . 074 1 3 1 9 1.15 0.0 208333 1. 7.25 0 .02083 33 0.0186353 0 . 00638368 l. 07251E - 005 -

7.3. 0.02 39583 0.0510417 

7.4 . 0.375_ THICK 
25 . 0. 110547 1. 1 5 0 . 03125 1.225 0.03125 0.027317. 0.00957706 3.59853E- 00 5 -

26. 0.0359375 0.0765625 

27. 0.4375_THICK 
28. 0.128592 l . 15 0.0364583 1.225 0.0364 583 0.0314958 0.011 1 744 5.69753E - 005 -

29. 0 .04 19271 0 . 0893229 

30. O. S_THlCK 
31. 0.146528 l. 15 0.0416667 1. 27.5 0.04 16667 0.0355786 0.0127722 8.47968-005 -

32 . 0.04791 67 0 . 102083 

33. 0.3125_THICK 
3 4. 0.0923948 1 .15 0 .026042 1. 7.25 0.026042 0. 023026 0 . 0079803 2.0887E-005 -

35 . 0.0299483 0. 0 638029 

36. 0.12S_TIIICK 
37. 0.0372842 l.15 0.0104 17 1.225 0 . 0 1 041 7 0 . 0095359 3 0.00319164 1 . 348628-006 

38. 0.0119796 0.0255217 

C: \Usez-s\bcooi<J\oesktop\HRP1' Pile Chee>< \Lateral \1'1nger Pier\f'inger Pie r Mode,·ate Piles Finger Pie,· \LC9 OK\Pier40_ Indiv, 



S1'AAD SPACE 

39. Ti\BLE 2 

40. UNIT INC!!ES KlP 

41. WIDE FLANGE 

4?.. TOP 

PA.GE NO. 

43. 18.7485 13.8 .43 14.7 0.449 665.4:~ 23"l."19S 1.22902 S.934 13.2006 

44. MID 
4S. 17.5853 13.8 0.275 14 7 0.478 67?..35 253.085 1.15935 3.79~ 14.0531 

46. MUDLlNE 
47. 1"1.7':112 13. 0.42 14.7 0.42 G?.9.01"1 222.431 1.04612 S.796 12.348 

48. 50%PILE 
49 14.5475 l3.8 0.575 lJ.8 0.25 429.481 109.714 0.913656ft 7.935 6.9 

50. 50lj;FLG12 

51. 13.6475 13.B 0.575 12 .25 388.166 72.2107 0.961818 7.935 

52. 33\PILE 
53 12.24:> 13.8 0.475 14.7 0 2 367.152 106.004 0.557101 .555 5.88 

54. END 
55 UNlT FEF.:T KIP 

56 DEFINE MATERIAL START 

5 7. ISOTROPIC S1'EEL 

58. E 4.176E•006 
S9. POISSON U.) 

60. DENSITY 0.489024 

61. ALPHA 6.5F:-006 

62 . DAMP O. OJ 

63. END DEFlNF. MATERIAL 

64 UN!T INCHES KIP 

65. CONSTANTS 

66. BETA O MEMB 8 9 

67. MATERIAL STEEL hLL 

68. MEMDER PROPERTY AMERICAN 

69. l 24 TO 26 TABI,I:: ST HP14X89 

70. MEMBER PROPERTY AMF.RICAN 
71. 9 UPTABLE 2 TOP 
72. 2 TO 4 20 TO 21 UPTA.BLE 2 ~UDLINE 

73. MEMBER PROPERTY AMERICAN 

74. 7 8 UPTABLF. 2 MlD 

75. SUPPORTS 

76. 1 10 PINNBD 

77 LOAD 3 LOMTYPE \\IND TITLE WAVE 

78. JOINT LOAD 
79 l MX 378 

80. 10 MX 684 
82. *LOAD 4 LOADTYPE WIND TITLf;; WJND 

83. •JOINT LOAD 

84.•1MZ66 

85. '10 MZ "/7 

86. •LOAD 5 LOAD'r'iPE \'/IN[) TITLE CURRBNT 

87. *JOINT LOAD 

68 • l MZ 20 

89. *10 MZ JS 

90. ~LOAf) -; LOI\DTYPE ~IIND TlTl,E TCE 

91 . • JOT NT LOAD 

92. *1 MZ 49.2 

93. *10 M'l, 844.8 

94. * LOAf) COMB 2 HRPT UJAD CA.SE 9 

95. •J O 6"1 4 0.67 5 0.6"/ 7 0.67 

Thursday, May JS, 2014, 02:19 PM 
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STAAD SPACE 

96. PERfORM ANALYSJS 

P R O B L E M 

NUMBER OF JOINTS 
NUMBER OF PLATES 
NUMBER OF SURFACES 

S T A T I S T I C S 

15 NUMBER OF MEMBERS 
O NUMBER OF SOLIDS 
O NUMBER OF SUPPORTS 

SOLVER USBD IS THB IN-CORE ADVANCED SOLVER 

14 
0 

2 

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM 

• ••~lhP.JUllr.; 

PROBABLE CAUSF. SINGULAR-ADDING WEAK SPRING 

PAGE NO. 

" 

K·MATRIX OlA.G= 5.7400111E~02 L-MATRIX DIAG= 3.9790393E 13 EQN N(! 14 

'' 'IS:">Jf· .'n·11 "!'1 

97. PARAMETER 1 

98. CODE AJSC 

"· FYLD 36 ALL 

100. W: 372 MEMB 3 ' 
7 TO 9 20 TO 23 

101. UNB 372 MEMB 3 4 7 TO ' 20 TO 23 

102. UN'T 372 MEMB 3 4 7 TO 9 20 TO 23 

10 3. LX. 180 MEMB 1 2 24 TO 26 

104. UNB 180 MEMB 1 2 " TO 26 

105. UNT l 80 MEMB l 2 24 TO 26 

106. CHECK CODE A.LL 

'l'liursday, May 15, 2014, 02:19 PM 
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------- - -- ---------------

Thursdcly, May 15, 2014, 02:19 PN 

ST_!.,_.lill SPACE - - Pf.,GE NO. 

STA.AD.Pro CODE CHECKING • (AISC ~TH EDITION) vl.O 

ALL UNITS ARE KIP INCH (UNLBSS OTHERWISE Noted) 

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADJNG/ 

FX MY MZ LOCATION 

z~-------~c-----~c-c--•-c•cc-z-----~---------c----:mc---------------cmz 

s·r· f1Pl4X89 (AJSC SE:C'TTONS) 

PASS AISC- lil - 3 0. 3 3.0 

0 .00 T -)78.00 0. {IQ 0 .00 

ST MLJDLINE: (UPT) 

PASS AISC- Hl D. l 59 

0. 00 T ·100.96 0 - 00 0 . 00 

ST MUDLINJ>: (UPT) 

PASS AISC· Hl - ] o _ 092 

0 00 T 58.11 0 .00 46 . 68 

ST MUDLINE (UPT) 

PASS A1SC· Hl - ] 0 . l 6 9 

u .00 T 106.83 . 00 25 _ 32 

7 ST MID (UPT) 

PASS AISC· Hl .732 

0 . 00 T 551.02 u .00 63 .00 

ST MID (UPT) 

PASS AISC- Hl- 0. 7$':, 

0 .00 T 5'14 . J4 0 uo '. 00 

51 TOP (UPT) 

PASS AISC· Hl- 0. 989 

0 00 T 684.. 00 0. 00 57 . 00 

20 ST MlJDl,IN"R ( U1'1') 

PASS 1\ISC- Ill 0 .688 

. 00 T 4.3S. 82 0 . 00 0. 00 

2l ST MUDLINF. (UPT) 

PASS Al SC- Ill - J .429 

.00 T 2"!1.32 .00 ,. 00 

" ST MlJDLINF (UPT) 

PASS Al SC- Hl-3 0. "' 0 _oo T JSJ 57 0 00 0 _ 00 

2] ST MUDl,lNE: (UPT) 

PASS AlSC- Ill 0 .299 3 

0 .00 T 189.07 0. 00 0 . 00 

24 ST HP14X89 (AISC SECTlONS) 

PASS AISC- Hl-3 0 .270 

0 _ 00 T ·308.74 o _ 00 0 00 

25 ST !-!Pl4>:B9 {AISC SECTIONS} 

PASS JdSC- Hl- ] 0 . 209 

0 .00 T 23 9 40 .00 o. 00 

26 ST 1!P14X89 {AISC SF.CTTONS l 

PASS MISC· 111- 3 0. 132 

00 T ·lSl.06 0 .00 0 . 00 

107. * LOAlJ l,IS'I' ' 
108. FINISH 

C: \ users \bcook3 \Desktop I 1/RPT Pi 1 e f'heck I I,a teral I Finyel Pi er\ Pinger Pier Mode1·a te Pl l es Pinger Piur\ LC9 OK\ 1'1~r'I O _ lndi v; 



ST,\N) SPACE P/\GE NO. 

............ END OF THE STAAD.Pro RUN •*******"** 

***• DATEc. MAY 15,2014 TlME:e 14:16:58 **** 

For Q\ll:'Stions on STAAD.Pro, please contact 

Bent1ey Systems or Partner of[ices 

Telephone Web I Emai 1 
USA <l (714) 974-2500 

UK ... {O) aoa 101 9246 

SINGAPORE ~ 6!:i 6225·6158 

FRANCE •)) (0) 1 55238400 

GERMANY "' 0931 4 04 6 B 

lNDIA •91 ( 03 3) 4006-2021 

JAPAN •Bl (03) 5952-6500 http: I /W'..,.,,.ctc-g. co. jp 

CHINA ... 21 6288 4040 

THAI I.AND •" (0) i645-] 018/19 partha.p@reisoftwareth. 

Worldwide http;//selectservices.bentley.com/en-US/ 

com* 

Thursday, May 15, 2014, 02:19 PM 
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STAAD.Pro vei SBLBCTeeriee4 
Version 20.07.09 .31 
Proprietary Program of 

Bentley Systems, Inc. 
Date= MAY 15, 2014 

Time= 14:20:26 

USER ID: CH2M HILL 

Thursday, May 1!>, 2014, 0?.:20 PM 

PAGE NO. 

• 

·········································~·········· 

l . STMO SPACE 
INPUT FILE: Pie r4 0_ ! ndividual_ BendingJingel. Pie r_LC8.S'l'D 

2. START JOB INFORMATION 
3 . ENGINEER DATE 12 · MARCH · 2014 

4. END JOB INFORMATI ON 

S. INPUT WIDTH 79 

6. UNIT FEET KlP 
7 . JOI NT COORDINATES 
, . l O -9 0 ; 2 0 3 0 ; 3 0 6 0 ; 4 O 9 . 89 0; 5 0 12 O; 1 o 26 . 25 O; 8 O 31.5 O 
9. 9 O 32.25 0 ; 1 0 0 37 0; 15 () Jq.125 O; 16 0 22 . h815 0 ; 17 0 15. ',625 U 

10 . ] 8 0 ·5 . 51 0 ; l~ 0 ·3 0 ; 20 0 -0 . 27 0 

11. MEMBER INCIDENCES 
1 ., J l 18 ; 2 2 3 ; 3 J 4 ; •I •1 5: I 7 8; 8 U G; 9 Y l O; 2 0 l o; 2 1 ] ~ ] I ; 2:' lb \'; 

l ) . 23 17 ~; 24 18 19 ; 2~ 1 9 20 ; 26 :'O 2 

14 . START USER TABLE 

16 . TABLE 2 
17. UNIT INCHES KI P 
18 . WIDE FLANGE 

19. TOP 
2 0 . 18 . 7485 13.8 0 . 43 1 4 .7 0. 44 9 665.43 2 3 7 . 795 1 . 22902 5.934 13 . 2006 

21 . MID 
22 . 17 . 5853 1 3.8 0.275 1 4 . , 0.478 672.35 253.085 1.15935 3.79 5 14.0532 

23. MUDLINE 
24 . 17.7912 13 . 8 0 . 42 14 . 7 0. 4 2 629. 0 17 222.437 1 . 0 461 2 5.796 12.348 

26. END 
27 . UNIT FEET KIP 

28 . DEFIN~: MATERI AL START 

29. ISOTROPIC STEEL 

30. E 4. 176E•006 

31. POISSON 0 . 3 
32 . DENSITY 0. 489024 
33 . ALPHA 6.SE-006 

34. DAMP O. 03 
35 . END DEFlNE MATERIAL 

36. UNIT JNCHES KIP 

37 . CONSTANTS 
38. BETA O MEMB 8 9 

39. MATERIAL STEEL ALL 
41 . MEMBER PROPERTY AMERICAN 

c : \Users\bcookJ\Desktop\ HRPT Pile Ch eck\ La teral \f'inger Pier \Finger Pier Moderate Piles Finger Pier\LCB Ok\Pi er4 0 Indi vi 



STA.AD SPACE 

42. 24 TO 26 TABLE ST HP14X89 
43. MEMBER PROPERTY AMERICAN 
44. 9 UP1'ABLE 2 TOP 

45. 2 TO 4 20 TO 23 UPTA.Bl,E 2 MUDLINE 
46. MEMBER PROPERTY P.MERl.CAN 
47. 7 8 UPTABLE 2 MIO 

48. SUPPORTS 
49. l 10 PINNED 
50. LOAD 4 LOADTYPE ICE 'l'ITLE ICE (MAJOR AXIS) 
51. JOINT LOAD 
52. 1 MX 393 
53. 10 MX 714 

55. *l M7. 376 
56. *10 MZ 8'10 
58. LOAD COMB 7 HRPT LOAD Cl\SE 8 

59. 4 1 

60. '4 0.714 
62. PERFORM ANALYSIS 

PROBLEM 

NUMBER OF JOINTS 
NUMBBR OF PLATES 
NUMBER OF SURFACES 

S T A T I S T I C S 

15 N!JMBER OF MEMBERS 
O NUMBER OF SOLIDS 
O NUMBER or SUPPORTS 

SOLVER USED IS THE IN-CORE ADVANCED SOLVER 

14 
0 

' 

PAGE NO. 

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM a .. 
• • • ~/Af.'JII !./'; I i:i'- i ! '.·~. 

PROBABLE CAUSE SlNGOLAR-ADDING WEAK SPRING 
K·MATRJX DIAG= 5.7408111E+02 L-MATRlX DIAG~ 
· "'II ·I. ·', I·· '.Jl·,'d ! I ! ! 

63. PARAMETER 1 
64. CODE AISC 
6~. FYLD 36 ALL 

.,,,;11·.I• I••! 

66. LX 372 MEMS 9 3 4 23 21 22 20 7 
61. UNB 372 MEMB 9 3 4 23 21 22 20 7 

68. UNT 372 MEMB 9 3 4 23 21 22 20 7 

69. LX 180 MEMS 2 26 25 24 1 
70. UNB 180 MEMB 2 26 2E:. 2'1 
71. UNT 180 MEMB 2 26 25 2'1 1 
·12. CHECK CODE ALI, 

Thursday, May 15, 2014, 02:20 PM 
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Tlnn·sday, May 15, 2014, 02:20 !'M 

S'l'JIAD SPACE PAGE NO. 

STAAD,Pro CODE CHECKING - (AISC 9TH EDITION) vl.O 

ALL UNITS ARE - UP INCH (UNLHSS OTHERWISE Noted) 

MEMBER TABLB RESUI,T/ CRITICAL COND/ AATIO/ LOADING/ 

FX MY MZ LOCATION 

------~----c~====~c:---ac-a~~:EE----Ec-----------=•~c------------s•~~=: 

ST HP14X89 {ATSC SECTIONS) 

PASS AlSC- Hl-1 0 .343 ' 
0. 00 T -393.00 0 . 00 0.00 

2 ST MUPLlNE (UPT) 

PASS AISC- HJ - l 0. 16S ' 
0. 00 T -104 .22 0 . 00 0 . 00 

ST MUDLINF. { UP't) 

PASS AISC- HJ· 0 . 09? ' 
0. 00 T 61 . 59 0 . 00 " .68 

,] ST MUDLINE (UP'J'! 

PASS ATSC- Hl - ] 0. 17 '/ 

0 . 00 T 112. 3-1 o . 00 25 .32 

51 MIO lUPTl 

PASS AISC- Hl- 0. '165 

0 00 T 581.61 0 .00 63 . 00 

8 ST MIU (UP1') 

PASS A!SC: Hl· 0 . 788 

0. 00 T 599.69 0 . 00 9 . 00 

9 ST TOP (UPT) 

FAJL AISC· Hl- l 0 3 3 4 

0 . O(t T 71< 00 0. 00 57 . 00 

20 ST MUDI,INE !UP1') 

PASS AISC· Ill- 0. '/19 

0 .00 T 155.)0 0 . 00 0 . 00 

21 ST MUDLJNE (UPTl 

PASS AISC· Hl-3 0 448 ' 
0. 00 T 28.3 . B 3 0 .00 0 . 00 

2;. ST MUDLINE (UPTl 

PASS AISC· Hl-3 0. 584 

0. 00 T J69.57 0. 00 e . OC\ 

" ST MUDLJNE (UPTl 

PASS AISC- Jll - J 0. 313 

00 T 19fl.10 0. 00 0 . 00 

:?.4 ST HP.14X89 (Al SC SECTIONS\ 

PASS Al SC- Hl -] o. 270 ' o. oc T ,J09.49 0 00 0 00 

:.?', ST HPl4X89 {AlSC' SECTIONS) 

PASS Al SC· Hl- 3 (> . 21 ·1 

,) 00 T - 7.48 61 0 . 00 00 

" ST HP:i4Xcl9 !AlSC SF.CTTONS) 

PASS A1SC· Hl - 3 0 .160 

.00 T · I 1:12. 91 . 0 0 0 CH) 

73. Fl NJ SH 

c, '.Vsers\bcooX.3\Desktop\HRl-'T Pile C'hec.lc\Li!ternZ\Fingel l'ier\Finger Pier Moderat.c Piles Finger P.ie1·\I,C'8 Ok\P.ter.JO_Indivl 



STAAD SPACE 

................ END OF THE STAAD.Pro RlJN "'******"** 

For questions on STAAJJ.Pro, please contact 
Bentley Systeml'l or Partner offices 

Telephone Web I Ema1l 

USA •l ( 714) 974-2500 

UK •44 (0 I BOB 101 9246 

SINGAPORE •65 G225-615B 

FRANCE ,13 (O) 1 55236400 

GF.RMAN'f '" 0931 40468 

INDIA • 91 (033) '1006-2021 

PAGE NO. 

JAPAN •81 (03)5952-6500 http, I /W11,-W. ctc-g .co. jp 

CHINA '" 21 6266 4040 

THAI I.AND •66 (0)2645·1016/19 partha.p~reiso[twareth corn* 

Worldwide ht.LP: I I sclectscrvices. hentl ey. com/en- US/ 

Thursday, May 15, 2014, 02:20 PM 
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BEAM LOAD RATINGS- NOTES TO USER 



§Sa/crow 

Vehicle Particulars 

Gross Vehicle Weight = 40,000 lbs 
Rear Axle Weight = 32,000 lbs 

Front to Rear Axle Spacing = 
Axle Width = 

14 
6 

ft 
ft 

Rear Axle Wheel Load = 16,000 lbs 
Front Axle Wheel Load = 4,000 lbs 

For Maximum Moment Due to Vehicle Load@ P1 Location 

P1 = 16 kips P2 = 16 kips 

D 
x = axle width 
x = 6 ft 

a & dist. of max. moment b = L-a 
a= 8.9 ft b = 11.7 

L = 20.6 ft 

P.ab ( ) Al., (@P,)=-'-, 4l2 - a(l+a) 
4l 

( 
P (l-(a+x))( ) 

M n @ P,) = Rl(a) = 2 
, 4l2 - (a + x)(l + a + x) 

4l 

For Maximum Shear Due to Vehicle Load@ Middle Support 

P2 = 16 kips 

D 
x = axle width 

a= L, (b = 0) x = 6 ft 
a= 20.6 ft b = 0 ft 

L = 20.6 ft 

VP, (@ P l) = P,~ (4l2 + b(l + a)) 
4l 

P1 = 

P (l - x) ( ) 1'P2 (@ P I) = 2 

4
l ,' 4l2 + x(2l - x) 

16 

Moment due to Vehicle Load Onlv 

M(P1) = 68.36799 k-ft 
M(P2) = 62. 78059 k-ft 

Unfactored Mm., = 131 . 15 k-ft 

Factored Mm.,= 209.84 k-ft 

kips 

Shear Due to Vehicle Load Onlv 

V(P1) 16 kips 
V(P2) 12.75073 kips 

Unfactored Vm., = 28.75 kips 

Factored Vm., = 46.00 kips 



BEAM LOAD RATINGS - PIER SHED 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 21 
Clear span of beam (ft) 12.5 

Weiqht of concrete (lb/ft3
) 150 

Slab thickness (in) 14 
Beam width (in) 16 
Beam depth (in) 30 

SOL (lb/tt2) 0 
LL (lb/tt2) 300 
Dead line load (k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (kl 0 
Impact Factor 15% 
Loe. of Max. Moment (ft) 0.0 

Unfactored point load 2 (kl 0 
Impact Factor 15% 
Dist. from Max. Moment lftl 6 
Location from oriqin ( ft) 6.0 
Location btwn suooorts Btwn 1&2 

Loe. of Max. Shear (ft 12.5 
Dist. of P2 from P1(ft 6.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(k/ft) 

DL due to slab 45.9375 3.675 
DL due to SOL 0.00 0.00 
DL due to self weqht 6.25 0.50 
DL due to line load 0.00 0.00 

Total DL 52.1 9 4.18 
Total LL 78.75 6.30 

Total Loadina 130.9375 10.475 

origin 

PIER SHED 
300 PSF 

Factored Load 

Total (k) 
Distributed 

(k/ft) 
55.13 4.41 

0.00 
' 

0.00 
. -

7.50 0.60 
0.00 0.00 

62.63 5.01 
126.00 10.08 

188.625 15.09 

tpport 1 1upport 2 Tsupport 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft): 115.08 165.78 

Max neaative moment (k-ffi: -204.59 -294.73 
Maximum Shear (k): 55.65 80.17 

Reactions at Support Unfactored Factored 
Moment at Sunnort 1 (k-ft): 
Moment at Sunnort 2 (k-ft): 

Reaction at Suooort 1 (kl: 
Reaction at Suooort 2 (kl: 



Ila/crow 

Beam Inputs 
b (in) 16 
h (in) 30 
fc (ksi) 3.75 
We (lb/ft") 150 
fv (ksi) 40 
Le (bottom) (in) 3 
Le (too) (in) 2 
£C 0.003 
£S 0.00138 
f3 0.85 
Layers of rebar 1 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 3 
3 0 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3] 

- -

Reinforcing Bar 
Bar Size 

Diameter (in.) 

11 
90 
0 

Bar Size Distance o/c (in) 
4 3.5 

1.41 

0 

1<1> ~flexure) I 0.91[ACI 318-05 9.3.1] 
<1> shear) 0.75 [ACI 318-0511.1] 

I~~~~:;~ I ~ s~l(Ac1318-058.5.1 J 

IC I 2.1 5921 
Es 0.0328 

Area per 
Clear Distance from % Section 

Bar (in2
) 

Reinforcing Row Below Remaining 
(in.) (OSx:51) 

1.56 NIA 0.5 
0 1 1 

0 1 1 

% Section 
Diameter Area of steel Remaining 

(in) (in2
> (OSx:51) 

0.5 0.2 0.5 

PIER SHED 
300 PSF 



Ila/crow 
Beam Moment Capacity 

Original Reduced 
As1(inL) 4.68 2.34 

As2 (in') 0.00 - 0.00 
As3 (inL) 0.00 0.00 

AsT (in') 4.68 2.34 

e (in) 0.71 0.71 
d (in) 25.80 25.80 
a (in) 3.67 1.84 
M n (k*in) 4485.26 2328.52 

¢Mn (k*in) 4036.73 2095.67 

PIER SHED 
300 PSF 

Beam Shear Capacity 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Vc(k) 

v.(k) 

Vn; Ve + Vs (k) 

¢,Vn (k) 

Dist. to center of steel, O = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Oria inal 
50.55 

117.92 

168.47 

126.35 

Reduced 
50.55 

- 58.96 

109.51 -
82.13 

IM"= AJ,( d-~)I Jv, =2.flbd [ACI318-05 (11.3.1. 1)]1 
A .f d 

., .v [ACl3 18-05(11.5.7.2) V, 
s 

Reduced Shear Capacity 

Factored Positive 
Moment (k-ft 

165.78 

(k) I Factored Shear 
80.166 

% 
Overstress 

NIA 

% 
k) I Overstress 

N/A 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 21 
Clear span of beam (ft) 12.5 

Weiqht of concrete (lb/ft3
) 150 

Slab thickness (in) 14 
Beam width (in) 16 
Beam depth (in) 30 

SDL (lb/ff) 0 
LL (lb/fr) 0 
Dead line load (k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (k) 16 
Impact Factor 15% 
Loe. of Max. Moment (ft) 5.4 

Unfactored point load 2 (k) 16 
Impact Factor 15% 
Dist. from Max. Moment (ft) 6 
Location from oriqin (ft) 11.4 
Location btwn suooorts Btwn 1&2 

Loe. of Max. Shear (ft 12.5 
Dist. of P2 from P1 (ft 6.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(k/ft) 
DL due to slab 45.9375 3.675 
DL due to SOL 0.00 0.00 
DL due to self weght 6.25 0.50 
DL due to line load 0.00 0.00 

Total DL 52.19 4.18 
Total LL 0.00 0.00 

Total Loading 52.1875 4.175 

origin 

PIER SHED 
H20 TRUCK 

Factored Load 

Total (k) 
Distributed 

(k/ft) 

55.13 4.41 
0.00 0.00 

-- 7.50 " ' 0.60 
0.00 0.00 

62.63 5.01 
0.00 0.00 

62.625 5.01 

L~port 1 'fs"pport 2 i"pport 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft : 98.07 138.64 

Max negative moment (k-ft : -76.61 -89.96 
Maximum Shear (k : 48.02 67.96 

Reactions at Support Unfactored Factored 
Moment at Suooort 1 (k-ft): 
Moment at Suooort 2 (k-ft): 

Reaction at Suooort 1 (kl: 
Reaction at Suooort 2 (kl: 



Ila/crow 

Beam Inputs 
b (in) 16 
h (in) - 30 
fc (ksl) 3.75 
We (lb/ft3) 150 
fv (ksi) 40 
Le (bottom) (in) 3 
Le (too) (in) 2 
EC 0.003 
ES 0.00138 
$ 0.85 
Lavers of rebar 1 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 3 
3 0 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3] 

lq, texure) E 0.91 [ACI 31 8-05 9.3.1] 
C1l shear) 0.75 [ACI 318-051 1.1] 

I~~ ~~::i I 3J~l(ACI 318-05 8.5.1] 

IC I 2.15921 
Es 0.032~ 

---··· --·•!11··-------. --···· -- ----"'I 

Clear Distance from % Section 

PIER SHED 
H20 TRUCK 

Reinforcing Bar Area per 
Bar Size Reinforcing Row Below Remaining 

Diameter (in.) Bar (in2
) (in.) (OSxS11 

11 1.41 1.56 N/A 0.5 

9 0 0 1 1 

0 0 0 1 1 

- -

% Section 
Diameter Area of steel Remaining 

Bar Size Distance o/c (in) (in) (in2
> (0SxS1) 

4 3.5 0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Oriqinal Reduced 
As1(in£) 4.68 2.34 

As2 (in2
) 0.00 - 0.00 

As3 (in') 0.00 0.00 

Asr (in£) 4.68 2.34 

e (in) 0.71 0.71 
d (in) 25.80 25.80 
a (in) 3.67 1.84 
Mn (k*in) 4485.26 2328.52 

<l>Mn (k*in) 4036.73 2095.67 

PIER SHED 
H20 TRUCK 

Beam Shear Capacity 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Vc(k) 

v.(k) 

Vn; Ve + Vs (k) 

<l>Vn (k) 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Original Reduced 
50.55 50.55 

117.92 58.96 

168.47 109.51 -
126.35 82.13 

IM"~ AJ,( d-~)I [vc = 2flbd [ACI 318-050~1.3.1. l)]I 
Afd 

V, = _.,_· >_' [AC! 3 18- 05 ( 11.5.7.2) 
s 

Results for Two Equal Span Continuous Beam 

Factored Positive 
Moment (k-ft 

138.64 

Factored Shear 
67.956 

% 
Overstress 

NIA 

% 
k) I Overstress 

NIA 



Ila/crow 

General lnouts 

Tributarv width for beam (ft) 21 
Clear span of beam (ft) 12.5 

WeiQht of concrete (lb/ft3
) 

- 150 
Slab thickness (in) 14 
Beam width (in) 16 
Beam depth (in) 30 

SOL (lb/tr) 0 
LL (lb/tr) 0 
Dead line load (k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (kl 24 
Impact Factor 0% 
Loe. of Max. Moment (ft) 5.4 

Unfactored Point load 2 (k) 24 
Impact Factor 0% 
Dist. from Max. Moment (ft) 8 
Location from orioin (ft) 13.4 
Location btwn supports Btwn 2&3 

Loe. of Max. Shear (ft 12.5 
Dist. of P2 from P1(ft 8.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(k/ftl 
DL due to slab 45.9375 3.675 
DL due to SOL 0.00 0.00 
DL due to self weoht 6.25 0.50 
DL due to line load 0.00 0.00 

Total DL 52.19 4.18 
Total LL 0.00 0.00 

Total Loadinq 52.1875 4.175 

origin 

PIER SHED 
FIRETRUCK 

Factored Load 

Total (k) 
Distributed 

(kfft) 

- 55.13 4.41 
- 0.00 0.00 -

7.50 - 0.60 
0.00 0.00 

62.63 5.01 
0.00 0.00 

62.625 5.01 

i:pport 1 i upport 2 t upport 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft : 112.77 162.19 

Max neoative moment (k-ft : -76.36 -89.56 
Maximum Shear (k : 56.70 81 .85 

Reactions at Suooort Unfactored Factored 
Moment at Suooort 1 (k-ft): 
Moment at Suooort 2 (k-ft): 

Reaction at Suooort 1 ( kl: 
Reaction at Suooort 2 (kl: 



Ila/crow 

Beam Inputs 
b (in) - - 16 
h (in) 30 
fc (ksi) - 3.75 
We (lb/ft3

) 150 
fy (ksi) 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
£C 0.003 
£S 0.00138 
s 0.85 
Layers of rebar 1 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 - 3 
3 0 

PIER SHED 
FIRE TRUCK 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
(AC I 318-05 10.2.7.3) 

Beam Lonqitudinal Reinf, 

Re inforcing Bar 
Bar Size 

Diameter (in.) 

11 1.41 
9 0 
0 0 

l <l> ~flexure) I 0.91 [ACI 318-05 9.3.1 ) 
<l> shear) 0.75 [ACI 318-0511 .1) 

I ~~ ~~::i I ~91g~l [ACI 318-05 8.5.1) 

IC I 2.15921 
Es 0.0328 

Area per 
Clear Dis tance from % Section 

Bar (in2
) 

Reinforcing Row Below Remaining 
( in.) (0$x$ 1) 

1.56 NIA 0.5 
0 1 1 
0 1 1 

Beam S£' 

% Sect ion 
Diameter A rea of steel Remaining 

Bar Size Distance o/c (in) (in) (in2
> (0$x$1) 

4 3.5 0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacitv 

Original Reduced 
As1(in') 4.68 2.34 
As2 (in,) 0.00 0.00 
AS3 (in") 0.00 0.00 

Asr (in') 4.68 2.34 

e (in) 0.71 0.71 
d (in) 25.80 25.80 
a (in) 3.67 1.84 
Mn (k*in) 4485.26 2328.52 

<l>Mn (k*in) 4036.73 2095.67 

PIER SHED 
FIRE TRUCK 

Beam Shear Capacity 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Vc(k) 

v. (k) 

Vn=Vc+Vs(k) 

<l>Vn (k) 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Original Reduced 
50.55 50.55 

117.92 58.96 

168.47 109.51 

126.35 82.13 

IM,, =AJ,(d-~)I Ive = 2.[lbd [ACI 318-05 (11.3.1.1 )]1 V, 
A.f d 

' >' [ACI 31 8 - 05 (1 1.5.7.2) 
s 

Reduced Moment 
Capacity (k-ft) 

Reduced Shear Capacity 

Factored Posit ive 
Moment (k-ft 

162.19 

k) l Factored Shear 
81.848 

% 
Overstress 

N/A 

% 
k) I Overstress 

N/A 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 
Clear span of beam (ft) 

Weiqht of concrete (lb/ft3) 

Slab thickness (in) 
Beam width (in) 
Beam depth (in) 

SDL (lb/ft2 ) 

LL (lb/fr') 
Dead line load (k/ft) 

Dead Load Factor 
Live Load Factor 

Point Loads 
Unfactored point load 1 (k) 
Impact Factor 
Loe. of Max. Moment (ft) 

Unfactored ooint load 2 (kl 
Impact Factor 
Dist. from Max. Moment (ft) 
Location from origin (ft) 
Location btwn supports 

Loe. of Max. Shear (ft 
Dist. of P2 from P1(ft 

21 
12.5 

150 
14 

16 
30 

0 
0 
0 

1.2 
1.6 

26 
0% 
5.4 

26 
0% 

8 
13.4 

Btwn 2&3 

12.5 
8.0 

BEAM 8-11 
BEAM 8-11 

Loading Module 

PIER SHED 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE WHEELS ON PILE CAP 

Unfactored Load Factored Load 
Loading 

Total (k) 
Distributed 

Total (k) 
Distributed 

(k/ft) (kfft) 

DL due to slab 45.9375 3.675 55.13 4.41 
DL due to SOL 0.00 0.00 0.00 0.00 

DL due to self weqht 6.25 0.50 7.50 0.60 
DL due to line load 0 .00 0.00 0.00 0.00 

Total DL 52.19 4.18 62.63 5.01 
Total LL 0.00 0.00 0.00 0.00 

Total Loadina 52.1875 4.175 62.625 5.01 

rear wheel (2~ kips) j. ' rear wheel (26 kips) 
on gm 

fupport 1 'fsupport 2 'fsupport 3 

Rear wheels spaced 8 ft apart on the beam. Fire truck wheelbase is 17.2 ft. 
Axle load = 52 kips so each wheel is 26 kips 

Unfactored Moments Unfactored Factored 
Max oositive moment (k-ft : 107.13 153.19 

Max neaative moment (k-ft : -87.16 -106.83 
Maximum Shear l k : 59.58 86.45 

Reactions at Suooort Unfactored Factored 
Moment at Support 1 (k-ft): 
Moment at Suooort 2 (k-ft): 

Reaction at Support 1 (k): 
Reaction at Support 2 (k): 



Ila/crow 

Beam Inputs 
b (in) 

--

16 -
h (in) - 30 
fc (ksi) 3.75 
We (lb/ft3) 150 
fy (ksi) 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
EC 0.003 
ES 0.00138 
B 0.85 
Lavers of rebar 2 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 0 
3 0 

PIER SHED 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE WHEELS ON PILE CAP 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3] 

Reinforcing Bar 
Bar Size 

Diameter (in.) 

11 141 
9 1.128 
0 0 

Bar Size Distance o/c (in) 
4 3.5 

l<I> ~flexure) I 0.91[ACI 318-05 9.3.1] 
<I> shear) 0.75 [ACI 318-051 1.1] 

I~~~~::? I 3;~1[ACI 318-05 8.5.1] 

IC I 2.15921 
~s 0.0328 

Area per 
Clear Distance from % Section 

Reinforcing Row Below Remaining 
Bar ( in2

) (in .) CO:Sx:S1l 
1.56 NIA 0.5 

1 1 1 
0 1 1 

% Sect ion 
Diameter Area of steel Remaining 

(in) (inz> (O:Sx:S1 ) 
0.5 0.2 0.5 



Ila/crow PIER SHED 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE W HEELS ON PILE CAP 

Beam Moment Capacity Beam Shear Capacity 

As1(in' ) 

As2 (inL) 

As3 (in~) 

Asr (in2
) 

e (in) 
d (in) 
a (in) 
Mn (k*in) 

<!>Mn (k*in) 

IM"~ A,t.( d-~)I 

Original 

4.68 

0.00 

0.00 

4.68 

0.71 
25.80 

3.67 
4485.26 

4036.73 

Reduced 
2.34 

0.00 

0.00 

2.34 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Ve (k) 

v. (k) 

Vn = Ve+ V5 (k) 

<!>V n (k) 

0.71 11 Dist. to center of steel, O = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

25.80 
1.8411 

2328.52 

2095.67 

Original Reduced 
50.55 50.55 

117.92 58.96 

168.47 109.51 

126.35 82.13 

Ive= 2flbd [ACI 318 -05 (11.3.1. 1)]1 V, 
A .fd 

·' -" [AC I 3 18- 05 (1 1.5.7.2) 

Original Shear Capacity 
k-ft 

s 

,an Cont inuous Beam 

Factored Positive 
Moment (k-ft 

153.19 

Factored Shear 
86.450 

% 
Overstress 

N/A 

% 
kl I Overstress 

5.26% 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 
Clear span of beam (ft) 

Weight of concrete (lb/ft3) 

Slab thickness (in) 
Beam width (in) 
Beam depth (in) 

SOL (lb/ftl ) 

LL (lb/ff) 
Dead line load (k/ft) 

Dead Load Factor 
Live Load Factor 

Point Loads 
Unfactored point load 1 (k) 
Impact Factor 
Loe. of Max. Moment (ft) 

Unfactored point load 2 (k) 
Impact Factor 
Dist. from Max. Moment (ft) 
Location from origin (ft) 
Location btwn suooorts 

Dist. of P2 from P 1 (ft 

21 
12.5 

150 
14 

16 
30 

0 
0 
0 

- 1.2 
1.6 

45 
15% 

5.4 

0 
0% 

0 
5.4 

Btwn 1&2 

12.5 
0.0 

Beam B-11 
Beam B-11 

PIER SHED 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE STRADDLING PILE CAP 

Loading Module 

Unfactored Load Factored Load 
Loading 

Total (k) 
Distributed 

Total (k) 
Distributed 

(k/ft) (k/ft) 
DL due to slab 45.9375 3.675 55.13 4.41 
DL due to SOL 0.00 0.00 - 0.00 0.00 ~ 

DL due to self weqht 6.25 0.50 7.50 0.60 
DL due to line load 0.00 0.00 0.00 0.00 

Total DL 52.19 4.18 62.63 5.01 
Total LL 0.00 0.00 0.00 0.00 

Total Loading 52.1875 4.175 62.625 5.01 
Rear axle load 

origin 

tpport 1 tupport 2 Tsupport 3 

Rear wheels spaced 8 ft apart on the beam. Fire truck wheelbase is 17.2 ft. 
Axle load = 52 kips so each wheel is 26 kips 
Actual rear axle wheel loads (spaced 8 ft apart) coming into beam is 42.1 kips - say 45 kips 

(see sketch) 
Unfactored Moments Unfactored Factored 

Max positive moment (k-ft): 179.33 268.80 
Max negative moment (k-ft): -81 .54 -97.85 

Maximum Shear (k): 67.18 98.62 

Reactions at Support Unfactored Factored 
Moment at Suooort 1 (k-ft): 
Moment at Suooort 2 (k-ft): 

Reaction at Support 1 (k): 
Reaction at Support 2 (k): 



Ila/crow 

Beam lnouts 
b (in) 16 
h (in) 30 
fc (ksi) 3.75 
We (lbtte) 150 
tv (ksi) 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
EC 0.003 
ES 0.00138 
s 0.85 
Layers of rebar 2 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 0 
3 0 

PIER SHED 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE STRADDLING PILE CAP 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3] 

Beam Lonqitudinal Reinf, 

Reinforcing Bar 
Bar Size 

Diameter (in.) 

11 1.41 
9 1.128 
0 0 

l<t> 1flexure) I 0.91 [ACI 318-05 9.3.1) 
<t> shear) 0.75 (ACI 318-0511 .1] 

I~~~~::~ I ~~,[ACI 318-05 8.5.1] 

IC I 2.59101 
Es 0.0269 

Area per 
Clear Distance from % Section 

Reinforcing Row Below Remaining 
Bar (in2

) (in.) (~xS1) 

1.56 N/A 0.6 
1 1 1 
0 1 1 

Beams·· - ·-
% Section 

Diameter Area of steel Remaining 
Bar Size Distance o/c (in) (in) (in2

> (OSxS1) 
4 3.5 0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Original Reduced 
As1{inz) 4.68 2.81 
As2 (in

2
) 0.00 0.00 

AS3 (in~) 0.00 0.00 

Asr (inL) 4.68 2.81 

e (in) 0.71 0.71 
d (in) 25.80 25.80 
a (in) 3.67 2.20 
Mn (k*in) 4485.26 2773.61 

<l>Mn (k*in) 4036.73 2496.25 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

PIER SHED 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE STRADDLING PILE CAP 

Beam Shear Capacity 
Original Reduced 

Ve (k) 5055 50.55 
v. (k) 117.92 58.96 
Vn=Vc+V5 (k) 168.47 109.51 -
<l>Vn (k) 126.35 82.13 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

IM"~ AJ,( d-~)I Pc: 2Rbd~ [ACJ3]8-05 (11 .3.J .~J)Jj V, 
A .f d 

·' _.. (ACI 3 18 - 05 (1 1.5.7.2) 
s 

Results for Two Equal Span Continuous Beam 

Factored Positive 
Moment (k-ft 

268.80 

Factored Shear 
98.616 

% 
Overstress 

29.22% 

% 
k) I Overstress 

20.07% 



BEAM LOAD RATINGS-TRUCK COURT 



Ila/crow 

General Inputs 

Tributary width for beam (ft} 21 
Clear span of beam (ft} 20.6 

Weiqht of concrete (lb/ft3
} 150 

Slab thickness (in) 14 
Beam width (in} 16 
Beam depth (in) 36 

SOL (lb/ft') 0 
LL (lb/fr) 150 
Dead line load (k/ft} 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (k} 0 
Impact Factor 15% 
Loe. of Max. Moment (ft} 0.0 

Unfactored point load 2 (k} 0 
Impact Factor 15% 
Dist. from Max. Moment (ft) 6 
Location from oriqin (ft) 6.0 
Location btwn suooorts Btwn 1&2 

Loe. of Max. Shear (ft 20.6 
Dist. of P2 from P1(ft 6.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(k/ft) 

DL due to slab 75.705 3.675 
DL due to SOL 0.00 0.00 
DL due to self weqht 12.36 0.60 
DL due to line load 0.00 0.00 

Total DL 88.07 4.28 
Total LL 64.89 3.15 

Total Loadini:i 152.955 7.425 

origin 

TRUCK COURT 
150 PSF 

Factored Load 

Total (k) 
Distributed 

(k/ft) 

- 90.85 4.41 

- 0.00 - 0.00 
14.83 

. -
0.72 

0.00 0.00 
105.68 5.13 
103.82 5.04 

209.502 10.17 

tpport 1 1upport 2 1upport 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft1: 221.54 303.45 

Max negative moment (k-ft : -393.86 -539.47 
Maximum Shear (k : 73.32 100.43 

Reactions at Suooort Unfactored Factored 
Moment at Suooort 1 (k-ft}: 
Moment at Suooort 2 (k-ft}: 

Reaction at Suooort 1 (k}: 
Reaction at Suooort 2 (k}: 



JI a/crow 

Beam Inputs 
b (in) 16 
h (in) 36 
fc (ksi) 3.75 
We (lb/ft3

) 150 
fy (ksi) 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
EC 0.003 
ES 0.00138 
13 0.85 
Layers of rebar 2 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 3 
3 0 

TRUCK COURT 
150 PSF 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[AC I 318-05 10.2.7.3) 

Reinforcing Bar 
Bar Size 

Diameter (in.) 

9 1.128 
9 1.128 
0 D 

Bar Size Distance o/c (in) 
4 3.5 

l<l> ~flexure) I 0.91[AC I 318-05 9.3.1) 
<l> shear) 0.75 [ACI 318-05 11.1) 

I~~~~::~ I ~~,[AC I 318-05 8.5.1) 

IC I 4.15221 
Es 0.0190 

Area per 
Clear Distance from % Section 

Bar (in2
) 

Reinforcing Row Below Remaining 
(in.) (OS~1) 

1 N/A 0.5 
1 1 1 
0 1 1 

% Section 
Diameter Area of steel Remaining 

(in) (in2
> (OS~1) 

0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Original Reduced 
As1{inL) 3.00 1.50 

As2 (in
2

) 3.00 3.00 
AS3 {in~) 0.00 0.00 

Asr (in2
) 6.00 4.50 

e in) 1.63 1.981 
d in) 30.87 30.52 1 

a in) 4.71 3.531 
Mn (k*in) 6844.57 5175.47 

<l>Mn (k*in) 6160.12 4657.93 

TRUCK COURT 
150 PSF 

Beam Shear Capacity 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

V0 (k) 

v. (k) 

Vn= V0 • V5 (k) 

<l>Vn (k) 
-

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Original Reduced 
60.50 59.80 

141. 13 69.75 -
201 .63 129.56 

151.22 97.17 

IM"= AJ,( d-~)I Ive= 2flbd [ACI 318- 05 (11.3.l.1 )]1 A.Jyd [ACl 318 - 05( 11.5.7.2) V, 
s 

Factored Positive 
Moment (k-ft 

303.45 

Factored Shear 
100.429 

% 
Overstress 

N/A 

% 
k) I Overst ress 

3.36% 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 21 
Clear span of beam (ft) 20.6 

Weiqht of concrete (lb/ft3
) 150 

Slab thickness (in) 14 
Beam width (in) 16 
Beam depth (in) 36 

SOL (lb/ff) 0 
LL (lb/ff) 0 
Dead line load (k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (k) 27.4 
Impact Factor 15% 
Loe. of Max. Moment lftl 8.9 

Unfactored point load 2 (kl 0 
Impact Factor 15% 
Dist. from Max. Moment (ft) 6 
Location from oriain (ft\ 14.9 
Location btwn sunnorts Btwn 1&2 

Loe. of Max. Shear (ft 20.6 
Dist. of P2 from P1(ft 6.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(klftl 
DL due to slab 75.705 3.675 
DL due to SOL 0.00 0.00 
DL due to self weaht 12.36 0.60 
DL due to line load 0.00 0.00 

Total DL 88.07 4.28 
Total LL 0.00 0.00 

Total Loadinq 88.065 4.275 

origin 

TRUCK COURT 
H20 TRUCK 

(rear axle at P1 ) 

Factored Load 

Total (k) 
Distributed 

(klftl 

- 90.85 4.41 
0.00 ,, 0.00 

14.83 - 0.72 
0.00 0.00 

105.68 5.13 
0.00 0.00 

105.678 5.13 

tpport 1 'Ts,pport 2 t,pport 3 

Unfactored Moments Unfactored Factored 
Max oositive moment (k-ft): 260.97 366.77 

Max neaative moment (k-ft): -226.77 -272.12 
Maximum Shear (k): 69.62 94.50 

Reactions at Support Unfactored Factored 
Moment at Suooort 1 (k-ft): 
Moment at Suooort 2 (k-ft): 

Reaction at Support 1 (kl: 
Reaction at Suooort 2 (kl: 



Ila/crow 

Beam Inputs 
b (in) 16 
h (in) 36 
fc (ksi) 3.75 

We (lb/ft3
) 150 

fv (ksi) 40 
Le (bottom) (in) 3 
Le (too) (in) 2 
EC 0.003 
ES 0.00138 
B 0.85 
Layers of rebar 2 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 3 
3 0 

TRUCK COURT 
H20 TRUCK 

(rear axle at P1 ) 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3] 

ICI> texure) E~ 0.91[ACI 318-05 9.3.1] 
Cl> shear) 0.75 (ACI 318-05 11.1] 

I ~~~~::~ I ~s~l(Ac 1318-058.5.1 J 

IC I 4.15221 
Es 0.0190 

---··· --·~M··--···-· ---···· -· -·· ·"' 
Reinforcing Bar Area per 

Clear Distance from % Section 

Bar Size Reinforcing Row Below Remaining 
Diameter (in.) Bar (in2

) (in.) (O:S:xS1) 

9 1.128 1 N/A 0.5 

9 1.128 1 1 1 

0 0 0 1 1 

% Section 
Diameter A rea of steel Remaining 

Bar Size Distance o/c (in) (in) (in2
> (O:S:xS1) 

4 3.5 0.5 0.2 0.5 



Ila/crow TRUCK COURT 
H20 TRUCK 

(rear axle at P1 ) 

Beam Moment Capacity Beam Shear Capacity 

As1(in' ) 

As2 (in') 
As3 (in') 

AsT (in') 

e lin) 
d (in) 
a (in) 
Mn (k*in) 

¢Mn (k*in) 

,M. = AJ,( d-~)I 

Oric:iinal Reduced 
3.00 1.50 

3.00 3.00 

0.00 0.00 

6 .00 4.50 

1.63 1.98 
30.87 30.52 
4.71 3.53 

6844.57 5175.47 

6160.12 4657.93 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Vc(k) 

V5 (k) 

Vn: Ve + V5 (k) 

Cl)Vn (k) 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Original Reduced 
60.50 59.80 

141.13 69.75 

201.63 129.56 

151.22 97.17 

jv, =2.fibd [ACI3I8-05(11.3.l.l)Jj 
A fd 

V,. =-·'_ >_' [ACI 318-05 (11.5.7.2) 
s 

Results for Two Equal Span Continuous Beam 

Factored Positive 
Moment (k-ft 

366.77 

% 
Overstress 

NIA 

Original Shear Capacity I Reduced Shear Capacity % 
k-ft) (k) Factored Shear Overstress 

94.499 N/A 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 21 
Clear span of beam (ftl 20.6 

Weiqht of concrete (lb/ft3
) 150 

Slab thickness (in) 14 

Beam width (in) 16 
Beam depth (in) 36 

SDL (lb/ft2) 0 

LL (lb/fr) 0 
Dead line load (k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (k) 16 
Impact Factor 15% 
Loe. of Max. Moment (ft) 8 .9 

Unfactored point load 2 (k) 16 
Impact Factor 15% 
Dist. from Max. Moment (ft) 6 
Location from oriain (ft) 14.9 
Location btwn supports Btwn 1&2 

Loe. of Max. Shear (ft 20.6 
Dist. of P2 from P 1 (ft 6.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(k/ft) 

DL due to slab 75.705 3.675 
DL due to SOL 0.00 0.00 

DL due to self weaht 12.36 0.60 
DL due to line load 0.00 0.00 

Total DL 88.07 4.28 
Total LL 0.00 0.00 

Total LoadinQ 88.065 4.275 

origin 

TRUCK COURT 
H20 TRUCK 

(both rear wheels on Span 1) 

Factored Load 

Total (k) 
Distributed 

(k/ftl 
90.85 4.41 

0.00 0.00 

14.83 0.72 
0.00 0.00 

105.68 5.13 
0.00 0.00 

105.678 5.13 

f pport 1 i ,pport 2 't,pport 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft): 236.50 327.50 

Max neqative moment l k-ft): -195.58 -222.21 
Maximum Shear (k): 70.97 96.66 

Reactions at Support Unfactored Factored 
Moment at Suooort 1 lk-ftl: 
Moment at Support 2 (k-ftl: 

Reaction at Suooort 1 lkl: 
Reaction at Suooort 2 (k): 



Ila/crow 

Beam Inputs 
b (in) 16 
h (in) 36 
fc (ksi) 3.75 
We (lb/ft~) 150 
lfv lksi) ~ 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
£C 0.003 
£S 0.00138 
IS 0.85 
Layers of rebar 2 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 3 
3 0 

TRUCK COURT 
H20 TRUCK 

(both rear wheels on Span 1) 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3) 

Beam Lon~itudinal Reinf, 

Reinforcing Bar 
Bar Size 

Diameter (in.) 

9 1.128 
9 1.128 
0 0 

Bar Size Distance o/c {in) 
4 3.5 

j<l> riexure) I 0.9,[ACI 318-05 9.3.1] 
<l> shear) 0.75 [ACI 318-0511.1) 

, ~~ f~::~ I ~9~,[ACI 318-05 8.5.1) 

IC I 4.1 5221 
Es 0.0190 

Clear Distance from % Section Area per 
Reinforcing Row Below Remaining 

Bar (in2
) (in.) (0:Sx:51 ) 

1 N/A 0.5 
1 1 1 
0 1 1 

% Section 
Diameter Area of steel Remaining 

(in) (in2
> (O:Sx:51) 

0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Original Reduced 
As1 (inL) 3.00 1.50 

As2 (in
2

) 3.00 3.00 
As3 (inL) 0.00 0.00 

AsT (in2) 6.00 4.50 

e (in) 1.63 1.98 
d (in) 30.87 30.52 
a (in) 4 .71 3.53 

Mn (k*in) 6844.57 5175.47 

<f>Mn (k*in) 6160.12 4657.93 

TRUCK COURT 
H20 TRUCK 

(both rear wheels on Span 1) 

Beam Shear Capacity 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Vc(k) 

Vs (k) 

Vn= Ve+ Vs (k) 

<f>Vn (k) 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Original Reduced 
60.50 59.80 

141 .13 69.75 

201.63 129.56 

151.22 97.17 

IM"~ AJ,(d-%)1 Ive =2.flbd [ACI 318 - 05(11.3. 1.1)]1 
A f yd 

V, =-·'- [AC l 318 - 05( 11.5.7.2) 
s 

Reduced Moment 

• _ c _a_p.-a. c; i:i.:-(k-ft) 

Factored Positive 
Moment (k-ft 

327.50 

Factored Shear 
96.660 

% 
Overstress 

NIA 

% 
k) I Overstress 

NIA 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 21 
Clear span of beam (ft) 20.6 

Weioht of concrete (lb/ft3
) 150 

Slab thickness (in) 14 
Beam width (in) 16 
Beam depth (in) 36 

SOL (lb/tf) 0 
LL (lb/tf) 0 
Dead line load {klft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (k) 38.7 
Impact Factor . 0% 
Loe. of Max. Moment (ft) 8.9 

Unfactored point load 2 (k) 0 
Impact Factor 0% 
Dist. from Max. Moment (ft) 6 
Location from orioin (ft) 14.9 
Location btwn suooorts Btwn 1&2 

Loe. of Max. Shear (ft 20.6 
Dist. of P2 from P1 (ft 6.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(k/ft) 
DL due to slab 75. 705 3.675 
DL due to SOL 0.00 0.00 
DL due to self weght 12.36 0.60 
DL due to line load 0.00 0.00 

Total DL 88.07 4.28 
Total LL 0.00 0.00 

Total Loading 88.065 4.275 

origin 

TRUCK COURT 
FIRE TRUCK 

(rear axle at P1) 

Factored Load 

Total (k) 
Distributed 

Ck/ftl 
90.85 4.41 

0.00 ~ 0.00 
14.83 0.72 
0.00 0.00 

105.68 5.13 
0.00 0.00 

105.678 5.13 

t pport 1 '?support 2 i upport 3 

Unfactored Moments Unfactored Factored 
Max positive moment {k-ft): 291 .54 415.73 

Max negative moment (k-ft): -226.77 -272.12 
Maximum Shear (k): 80.92 112.58 

Reactions at Suooort Unfactored Factored 
Moment at Support 1 (k-ft): 
Moment at Suooort 2 (k-ft): 
Reaction at Support 1 (k) : 
Reaction at Support 2 (k): 



Ila/crow 

Beam Inputs 
b (in) - 16 -
h (in) - 36 
fc (ksi) 3.75 
We (lb/ft3

) 150 
lfv (ksi) 40 
Le {bottom) (in\ - 3 
Le ltoo) l in) 2 
EC 0.003 
ES 0.00138 
s 0.85 
Layers of rebar 2 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 3 
3 0 

TRUCK COURT 
FIRE TRUCK 

(rear axle at P1) 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[AC I 318-05 10.2.7.3] 

,<!> ~flexure) I 0.9,[AC l 31 8-059.3.1] 
<I> shear) 0.75 (ACI 318-05 11.1] 

, ~~ ~~~:~ I 3;
9
~ j [ACl 318-058.5.1J 

IC I 4.15221 
Es 0.0190 

---··· --·•!""!··--·-· .. - ..... .. J .... 

Reinforcing Bar Area per 
Clear Distance from % Section 

Bar Size Reinforcing Row Below Remaining 
Diameter (in.) Bar (in2) (in.) (0SxS1) 

9 1.128 1 N/A 0.5 
9 1.128 1 1 1 
0 0 0 1 1 

% Section 
Diameter Area of steel Remaining 

Bar Size Distance o/c (in) (in) (in2t (OSxS1) 
4 3.5 0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Original 
As,(in") 3.00 
As2 (inL) 3.00 
AS3 (in4

) 0.00 

Asr (in') 6.00 

e (in) 1.63 
d (in) 30.87 
a (in) 4.71 
Mn (k*in) 6844.57 
<l>Mn (k*in) 6160.12 

TRUCK COURT 
FIRE TRUCK 

(rear axle at P1 ) 

Beam Shear Capacitv 
Reduced 

1.50 

3.00 

0.00 

4.50 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Vc(k) 

Vs (k) 

Vn= Vc. Vs (k) 

<l>Vn (k) 

1.98 11 
30.52 11 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 

3.53 11 Depth of compression section 
5175.47 

4657.93 

Oriainal Reduced 
60.50 59.80 

141.13 69.75 

201.63 129.56 

151.22 97.17 

M =A - -f f (d aJI " ,. y 2 Ive = 2-fibd [ACI318 - 05(11.3. 1.1 ))1 
A fd 

V,. =-·'_ >_' [AC I 3 18 - 05 (11.5.7.2) 
s 

Factored Positive 
Moment (k-ft 

415.73 

Factored Shear 
112.579 

% 
Overstress 

7.10% 

% 
kl I Overstress 

15.86% 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 21 
Clear span of beam {ft) 20.6 

Weiqht of concrete (lb/ft3
) 150 

Slab thickness (in) 14 
Beam width {in) - 16 
Beam depth (in) 36 

SOL (lb/tr) 0 
LL (lb/tr) 0 
Dead line load (klft) - 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 {k) 24 
Impact Factor 0% 
Loe. of Max. Moment (ft) 8.9 

Unfactored point load 2 (k) 24 
Impact Factor - 00/o 
Dist. from Max. Moment (ft) 8 
Location from oriqin {ft) 16.9 
Location btwn supports Btwn 1&2 

Loe. of Max. Shear {ft 20.6 
Dist. of P2 from P 1 {ft 8.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(k/ft) 
DL due to slab 75.705 3.675 
DL due to SOL 0.00 0.00 
DL due to self weght 12.36 0.60 
DL due to line load 0.00 0.00 

Total DL 88.07 4.28 
Total LL 0.00 0.00 

Total Loading 88.065 4.275 

origin 

TRUCK COURT 
FIRE TRUCK 

(both rear wheel on Span 1) 

Factored Load 

Total (k) 
Distributed 

(k/ft) 
90.85 4.41 
0.00 0.00 

14.83 0.72 
0.00 0.00 

105.68 5.13 
0.00 0.00 

105.678 5.13 

tpport 1 Tsupport 2 9support 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft): 253.10 354.12 

Max neQative moment (k-ft): -202.73 -233.65 
Maximum Shear (k) : 83.19 116.22 

Reactions at Support Unfactored Factored 
Moment at Support 1 (k-ft : 
Moment at Suooort 2 (k-ft : 

Reaction at Suooort 1 (k : 
Reaction at Suooort 2 (k : 



Ila/crow 

Beam Inputs 
b (in) - 16 
h (in) 36 
fc (ksi) 3.75 
We (lb/ft~) 150 
lfv (ksi) 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
£C 0.003 
ES 0.00138 

13 0.85 
Layers of rebar 2 

Row of Reinforcing 
Number of 

Bars 

1 3 
2 3 
3 0 

TRUCK COURT 
FIRE TRUCK 

(both rear wheel on Span 1) 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[AC I 318-05 10.2.7.3) 

Beam Lonqitudinal Reinf, 

Bar Size 
Reinforcing Bar 

Diameter (in.) 

9 1.128 
9 1.128 
0 0 

Bar Size Distance o/c (in) 
4 3.5 

l<l> ~flexure) I 0.91[ACI 318-05 9.3.1) 
<l> shear) 0.75 [ACI 318-0511 .1] 

l~~~~::j I ~
9
~1[ACl318-058.5.1J 

IC I 4.15221 
Es 0.0190 

Area per 
Clear Distance from % Section 

Reinforcing Row Below Remaining 
Bar (in2

) (in.) (OSXS1) 

1 NIA 0.5 
1 1 1 
0 1 1 

% Section 
Diameter Area of steel Remaining 

(in) (in21 (OSxS1) 
0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Original Reduced 
As,(inL) 3.00 1.50 
As2 (in

2
) 3.00 3.00 

As3 (inL) 0.00 0.00 

Asr (in~) 6.00 4.50 

e !in) 1.63 1.98 
d !in) 30.87 30.52 
a (in) 4.71 3.53 
Mn (k*in) 6844.57 5175.47 
<l>Mn (k*in) 6160.12 4657.93 

TRUCK COURT 
FIRE TRUCK 

(both rear wheel on Span 1) 

Beam Shear Capacity 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Vc(k) 

v . (k) 

Vn= Ve+ Vs (k) 

<l>Vn (k) 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Oriqinal Reduced 
60.50 59.80 

141.13 69.75 -
201.63 - 129.56 

151 .22 97.17 

,--·-J M,, = A,./y(d-~J Ive = 2ftbd [ACI 318-05 (11.3 .1.1 )JI A .fyd 
V, = - ·'- (AC! 3 18-05 ( 11 .5.7.2) 

s 

Results for Two Equal Span Continuous Beam 

Factored Positive 
k-ft 

% 
Overstress 

NIA 

% 
Overstress 

19.61% 



JI a/crow 

General Inputs 

Tributarv width for beam (ft) 21 
Clear span of beam (ft) 20.6 

Weioht of concrete (lb/ft3) 150 
Slab thickness (in) 14 
Beam width (in) 16 
Beam depth (in) 36 

SOL (lb/ft2) 0 
LL (lb/tt2) 0 
Dead line load {k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (kl 45 
Impact Factor 15% 
Loe. of Max. Moment {ft) 8.9 

Unfactored point load 2 (k) 0 
Impact Factor 0% 
Dist. from Max. Moment (ft) 0 
Location from oriqin (ft) 8.9 
Location btwn suooorts Btwn 1&2 

Loe. of Max. Shear (ft 20.6 
Dist. of P2 from P1(ft 0.0 

Beam B-3 
Beam B-3 

TRUCK COURT 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE STRADDLING PILE CAP 

Loading Module 

Unfactored Load Factored Load 
Loading 

Total (k) 
Distributed 

Total (k) 
Distributed 

( k/ft) (klft\ 
DL due to slab 75.705 3.675 90.85 4.41 
DL due to SOL 0.00 0.00 - 0.00 -- 0.00 
DL due to self weoht 12.36 0.60 - 14.83 - 0.72 
DL due to line load 0.00 0.00 0.00 0.00 

Total DL 88.07 4.28 105.68 5.13 
Total LL 0.00 0.00 0.00 0.00 

Total Loading 88.065 4.275 105.678 5.1 3 
Rear axle load 

origin 

tpport 1 i upport 2 1':upport 3 

Rear wheels spaced 8 ft apart on the beam. Fire truck wheelbase is 17.2 ft. 
Axle load = 52 kips so each wheel is 26 kips 
Actual rear axle wheel loads (spaced 8 ft apart) coming into beam is 42.1 kips - say 45 kips 

(see sketch) 
Unfactored Moments Unfactored Factored 

Max oositive moment (k-ft): 347.08 504.70 
Max neqative moment (k-ft): -226.77 -272.12 

Maximum Shear (k) : 87.22 122.66 

Reactions at Suooort Unfactored Factored 
Moment at Support 1 (k-ft): 
Moment at Suonort 2 (k-ft): 

Reaction at Suoport 1 (k): 
Reaction at Suooort 2 (k): 



Ila/crow 

Beam Inputs 
b lin) 16 
h(in) 36 
fc (ksi) 3.75 
We (lb/ft3) 150 
lfv lksi) 40 
Le lbottom) (in) 3 
Le (top) (in) 2 
EC 0.003 
ES 0.00138 
IB 0.85 
Lavers of rebar . 2 

Number of 
Row of Reinforcing 

Bars 

1 3 
2 3 
3 0 

TRUCK COURT 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE STRADDLING PILE CAP 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3) 

let> ~flexure) I 0.91[ACI 318-05 9.3.1) 
ct> shear) 0.75 [ACI 318-0511.1) 

I~~ f~::~ I ~~l[ACI 318-05 8.5.1) 

IC I 4.15221 
Es 0.0190 

---··· _.._.. , ,u, .. --·· ·-· . ,-·· .. -· -·· '"' 

Area per 
Clear Distance from % Section 

Reinforcing Bar 
Bar Size 

Diameter (in.) Bar (in2
) 

Reinforcing Row Below Remaining 
(in.) (0SxS1) 

9 1.128 1 NIA 0.5 

9 1.128 1 1 1 

0 0 0 - 1 1 

---··· _____ _.~_ 

% Section 
Diameter Area of steel Remaining 

Bar Size Distance o/c (in) (in) (in2> (0SxS1) 

4 3.5 0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Oriqinal Reduced 
As1(inl) 3.00 1.50 
As2 (in

2
) 3.00 3.00 

As3 (in") 0.00 0.00 

Asr (in2) 6.00 4.50 

e (in 1.63 1.98 
d (in 30.87 30.52 
a (in 4.71 3.53 
M0 (k*in) 6844.57 5175.47 
<l>M0 (k*in) 6160.12 4657.93 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

TRUCK COURT 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE STRADDLING PILE CAP 

Beam Shear Capacity 
Oriqinal Reduced 

Vc(k) 60.50 59.80 

v. (k) 141 .13 69.75 -
V0 =Vc+V5 (k) 201.63 - 129.56 -
<l>V0 (k) 151.22 97.17 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

IM" dJ,(d-~)I Ive =2..{lbd [ACI3 18-05(11.3. l.1)]1 V, 
A Jd 
'.v [AC l318- 05(11.5.7.2) 
s 

Factored Positive 
Moment (k-ft 

504.70 

Factored Shear 
122.659 

% 
Overstress 

30.02% 

% 
kl I Overstress 

26.24% 



llalcrow 

General Inputs 

Tributarv width for beam (ft) 
Clear soan of beam (ft) 

Weiqht of concrete (lb/ft,) 
Slab thickness (in) 
Beam width (in) 
Beam depth (in) 

SOL (lb/ft2 ) 

LL (lb/tt2) 
Dead line load (k/ft) 

Dead Load Factor 
Live Load Factor 

Point Loads 
Unfactored point load 1 (k) 
lmoact Factor 
Loe. of Max. Moment (ft) 

Unfactored ooint load 2 (k) 
lmoact Factor 
Dist. from Max. Moment (ft) 
Location from oriain (ft) 
Location btwn suooorts 

Loe. of Max. Shear (ft 
Dist. of P2 from P 1 (ft 

21 
20.6 

150 
14 
16 
36 

0 
0 
0 

- 1.2 --
1.6 

26 
0% 
8.9 

26 
0% 

8 
16.9 

Btwn 1&2 

20.6 
8.0 

BEAM B-3 
BEAM B-3 

Loading Module 

TRUCK COURT 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE WHEELS ON PILE CAP 

Unfactored Load Factored Load 
Loading Distributed 

Total (k) 
Distributed 

Total (k) 
(k/ft) (k/ft) 

DL due to slab 75.705 3.675 90.85 4.41 
DL due to SOL 0.00 0.00 0.00 - 0.00 

DL due to self weqht 12.36 0.60 14.83 0.72 
DL due to line load 0.00 0.00 0.00 0.00 

TotalDL 88.07 4.28 105.68 5.13 
Total LL 0.00 0.00 0.00 0.00 

Total Loadinci 88.065 4.275 105.678 5.13 

origin . 
rear wheel (26 kips) J J ear wheel (26 kips) 

f pport 1 'fsupport 2 'fsupport 3 

Rear wheels spaced 8 ft apart on the beam. Fire truck wheelbase is 17.2 ft. 
Axle load = 52 kips so each wheel is 26 kips 

Unfactored Moments Unfactored Factored 
Max positive moment (k-fti: 263.60 370.93 

Max negative moment (k-ft : -200.72 -230.45 
Maximum Shear (k : 86.61 121.68 

Reactions at Suooort Unfactored Factored 
Moment at Support 1 Ck-ft\: 
Moment at Support 2 (k-ft): 

Reaction at Suooort 1 Ck\: 
Reaction at Suooort 2 (k): 



JI a/crow 

Beam Inputs 
b linl 16 
h lin) 36 
fc lksil 3.75 
We (lb/ft3) 150 
lfv (ksi) 40 
Le (bottom) (in) 3 
Le (too) (in) 2 
£C 0.003 
£5 0.00138 
B 0.85 
Layers of rebar 2 

Row of Reinforcing 
Number of 

Bars 

1 3 
2 3 
3 0 

TRUCK COURT 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE WHEELS ON PILE CAP 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3) 

Beam Lonqitudinal Reinf, .,.. 

Bar Size 
Reinforcing Bar 
Diameter (in.) 

9 1.128 
9 1.128 
0 0 

Bar Size Distance o/c (in) 
4 3.5 

l<l> ~flexure) I 0.9,(ACI 318-05 9.3.1) 
<l> shear) 0.75 [ACI 318-05 11 .1] 

I~~~~~!? I ~~,(ACI 318-058.5.1] 

IC I 4.15221 
Es 0.0190 

Area per 
Clear Distance from % Section 

Bar (in2
) 

Reinforcing Row Below Remaining 
(in.) (0:Sx:S1) 

1 N/A 0.5 
1 1 1 
0 1 1 

s 
% Section 

Diameter Area of steel Remaining 
(in) (in2

> (O:Sx:S1) 
0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Oriqinal Reduced 
As1(in2

) 3.00 1.50 

As2 (in") 3.00 3.00 
As3 (inL) 0.00 0.00 

Asr (in2
) 6.00 4.50 

e (in) 1.63 1.98 
d (in) 30.87 30.52 
a (in) 4.71 3.53 

Mn (k*in) 6844.57 5175.47 

<t>Mn (k*in) 6160.12 4657.93 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

TRUCK COURT 
PILE CAP CHECK 

RESCUE TRUCK REAR AXLE WHEELS ON PILE CAP 

Beam Shear Capacity 
Oriq inal Reduced 

Vc(k) 60.50 59.80 

v. (k) 141 .13 69.75 

Vn=Vc+ Vs (k) 201.63 129.56 -
<t>Vn (k) 151.22 97.17 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

IM"~ AJ,( d -~)I Ive =2.flbd [ACI318-05(1 1.3. l.1 )]1 V, 
A fd 

., Y [ACI3 18 - 05(11.5.7.2) 
s 

Factored Positive 
Moment (k-ft 

370.93 

Factored Shear 
121 .685 

% 
Overstress 

N/A 

% 
k) I Overst ress 

25.23% 



BEAM LOAD RATINGS- FINGER PIER 



Ila/crow 

General lnouts 

Tributary width for beam (ft) 10 
Clear span of beam (ft) 25.5 

Weiqht of concrete (lb/ft3
) 150 

Slab thickness (in) 14 
Beam width (in) 30 
Beam depth (in) 48 

SDL (lb/W) e 
LL (lb/W) 275 
Dead line load (k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored ooint load 1 (kl - 0 
Impact Factor 0% 
Loe. of Max. Moment (ft) 0.0 

Unfactored point load 2 (kl 0 
Impact Factor 0% 
Dist. from Max. Moment (ft) 8 
Location from origin (ft) 8.0 
Location btwn supports Btwn 1&2 

Loe. of Max. Shear (ft 25.5 
Dist. of P2 from P1 (ft 8.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

Ck/ftl 
DL due to slab 44.625 1.75 
DL due to SOL 0.00 0.00 
DL due to self weaht 38.25 1.50 
DL due to line load 0.00 0.00 

Total DL 82.88 3.25 
Total LL 70.13 2.75 

Total Loadinci 153 6 

origin 

Factored Load 

FINGER PIER 
275 PSF 

Total (k) 
Distributed 

Ck/ftl 

- 53.55 2.1 
0.00 -· 0.00 

45.90 1.80 
0.00 0.00 

99.45 3.90 
112.20 4.40 
211.65 8.30 

f.pport 1 i upport 2 iupport 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft): 274.32 379.48 

Max neaative moment (k-ft): -487.69 -674.63 
Maximum Shear (kl: 71.63 99.08 

Reactions at Support Unfactored Factored 
Moment at Suooort 1 (k-ft): 
Moment at Support 2 (k-ft): 

Reaction at Support 1 (kl: 
Reaction at Suooort 2 (k): 



JI a/crow 

Beam Inputs 
b (in) 30 
h (in) 48 
fc (ksi) 3.75 
We (lb/ft~) 150 
lty (ksi) 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
EC 0.003 
ES 0.00138 

113 0.85 
Layers of rebar 1 

Number of Row of Reinforcing 
Bars 

1 6 
2 3 
3 0 

FINGER PIER 
275 PSF 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 
Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-05 10.2.7.3] 

'<I> fflexure) I 0.9, [ACI 318-05 9.3.1] 
<I> shear) 0.75 [ACI 318-0511.1] 

,~~f~::~ I ~~,[ACl318-058.5.1 ] 

l~s I ~:~~~, 
---••• --·'~'"""""'"'u' , ,...-1111u, .... 111~ 

Reinforcing Bar Area per 
Clear Distance from % Section 

Bar Size Reinforcing Row Below Remaining Diameter (in.) Bar (in2
) (in.) (O~S1) 

9 1.128 1 NIA 0.5 
9 0 0 1 1 
0 0 0 1 1 

B sr 
% Section 

Diameter Area of steel Remaining 
Bar Size Distance o/c (in) (in) (in2

> (OSXS1) 
4 12 0.5 0.2 0.5 



Ila/crow 
Beam Moment Capacity 

Original Reduced 

As1(in
2

) 6.00 3.00 

As2 (in
2

) 0.00 0.00 

As3 (in") 0.00 0.00 

Asr (in2
) 6.00 3.00 

e (in) 0.56 0.56 
d (in) 43.94 43.94 
a (in) 2.51 1.25 

Mn (k*in) 10243.46 5197.03 

<l>Mn (k*in) 9219.12 4677.32 

FINGER PIER 
275 PSF 

Beam Shear Caoacitv 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

Yc(k) 

Vs (k) 

Vn= Ye + V5 (k) 

<l>Vn (k) 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Oriainal Reduced 
161.43 161.43 

58.58 29.29 

220.01 190.72 

165.01 143.04 

IM" ~ AJ,(d-%)1 Ive =2Jlbd [ACI3 18- 05(11.3.1.1)]1 V, 
A f d 
'Y [AC I 318-05(11.5.7.2) 
s 

Factored Posit ive 
Moment (k-ft 

379.48 

Factored Shear 
99.081 

% 
Overstress 

N/A 

% 
k) I Overstress 

NIA 



DECK LOAD RATINGS- PRESTRESSED CONCRETE 



Ha/crow NOAM CALCULATION SHEET No: Rev: 

Project: PIER 40 CONDITION SURVEY 

Subject: LOAD RATING FOR PRECAST PRESTRESSED PLANK WITH EXPOSED STRANDS 

MATERIAL PROPERITES 

CONCRETE 

F'c = 5000 PSI 

REINFORCING DEFORMED BARS 

Fy = 20000 PSI 

HIGH TENSILE STEEL TENDONS - 7 WIRE 

3/8 IN. DIAMETER A= 0.0799 in2. 

INITIAL PRESTRESS FORCE PER TENDON= 14000 LBS 

DESIGN PRESTRESS FORCE PER TENDON 11000 LBS 

STRESS IN TENDON AFTER PRESTRESS = 175219 PSI 

ASSUME INITIAL PRESTRESS FORCE= 175219 PSI = 0.82Fpy 

Fpy = 213681.7 PSI = 214 ksi 

Fpy= 0.85Fpu Fpu = 251.4 ksi 250 ksi 

Fse = 137672.1 PSI = 137.7 ksi : EFFECTIVE STRESS IN PRESTRESSING 

DETERMINE FLEXURAL CAPACITY OF PLANK 

DUE TO THE SPALLS AND EXPOSED PRESTRESSING STRANDS A LONG THE BOTTOM 

OF THE PLANK, ASSUME ONLY THE SECOND LA YER OF PRESTRESSING REMAINS. 

FOR THE PURPOSES OF THIS ANALYSIS, ASSUME PRECAST PLANK NUMBER P1 I P2 

WHICH HAVE THE FOLLOWING PROPERTIES: 

By: MO Date: 5/29/2009 

Check JC 
By: 

Date: 
5/30/2009 

References/Results 

OWG NO. F-23 

DWG NO. F-23 

DWG NO. F-23 

DWG NO. F-23 

ACI 18.5.1 

NUMBER OF STRANDS IN SECOND LAYER = 17 

NUMBER OF STRANDS IN BOTTOM LAYER= 10 

(assumes all strands in second layer are intact) 

(assumes 10 out of 25 strands are still intact) 

Reva 

LENGTH OF PLANK = 20.5 FT 

ORIGINAL DEPTH OF PLANK= 12 IN. 

EFFECTIVE REMAINING DEPTH OF PLANK ~ IN. (ADD 2 IN. TO CoG) 

CONCRETE COVER ON BOTTOM LAYER OF PRESTRESSING , 2 IN. 

CONCRETE COVER ON SECOND LAYER OF PRESTRESSING , 4 IN. 

B = WIDTH OF PLANK = 5 FT 

CoG of both layers of strands 

calculated to be 3.44 IN. 

from bottom of plank 

Ap = AREA OF PRESTRESSING STEEL = 2.157 in2. FOR BOTIOM AND SECOND LAYERS 

DETERMINE THE RATIO OF EFFECTIVE PRESTRESS TO ULTIMATE STRENGTH OF STEEL 

~ 
l!d 

RATIO = 0.6 > 0.50, THEREFORE APPROXIMATE EQUATIONS 

BY ACI MAY BE USED 

ACI 18.7.2 

NOAM Calculation Sheet 



Ha/crow NOAM CALCULATION SHEET No 2 Rev: 

Project: PIER 40 CONDITION SURVEY 

Subject: 
LOAD RATING FOR PRECAST PRESTRESSED PLANK WITH EXPOSED STRANDS 

CALCULATE THE SPAN TO DEPTH RATIO TO DETERMINE APPLICABLE EQUATION 

ASSUME UNBONDED TNEDONS 

SPAN TO DEPTH RATIO = 23.3 < 35 

fps = f ,e + JOOQO+~ 
IOOp P 

stress in prestressing steel at nominal 

flexural strength 

fps shall not be taken greater than fpy and (fse+60000) 

dP = effective depth to prestressing steel = ~ IN. 

Pp= AP I bdp = 0.0042 STEEL RATIO FAILURE 

p, = 0.85 

fps= 159575.86 PSI = 159.6 KSI 

CALCULATE NOMINAL FLEXURAL STRENGTH OF PLANK 

where 

a = 1.3500 in. 

Mn = 2714.433 k-in = 226.2 ft -kips 

a= 1.086 in. 

Mn = 2759.944 k-in = 230 ft-kips 

<!> = 0.9 

DESIGN FLEXURAL STRENGTH = <!>Mn = 207.00 ft-kips 

DETERMINE REMAINING LIVE LOAD CAPACITY OF PLANK BASED ON FLEXURAL STRENGTH 

DEAD LOAD = 15375 LBS = 

TOTAL UNFACTORED DEAD LOAD = 

FACTORED DEAD LOAD Wo = 

Rev O 

750 LB/FT 
125 LB/FT 

~ LB/FT 

1050 LB/FT 

(12 in. PC PLANK ONLY) 
(2 IN. TOPPING) 

(USE A FACTOR OF 1.2) 

By: MO 

Check JC 
By: 

Date: 5/2912009 

Date: 5130/2009 

References/Results 

ACI 18.7.2 

ACI EQUATION 18·4 

ACI 10.2.7.3 

<!>Mn = 207.00 ft-kips 

ACI 9.2 

NOAM Calculation Sheet 



Ha/crow NOAM CALCULATION SHEET No 3 Rev: 

Project: PIER 40 CONDITION SURVEY 

Subject: LOAD RATING FOR PRECAST PRESTRESSED PLANK WITH EXPOSED STRANDS 

PRE CAST PLANKS ARE SIMPLY SUPPORTED 

DEAD LOAD MOMENT 55157.81 ft-lbs 

55.16 ft-kips 

TOTAL REMAINING MOMENT CAPACITY IN PLANK = 151 .84 ft-kips 

UNFACTORED LIVE LOAD = 2.89 kilt 
Live Load Factor = 1. 6 

ALLOWABLE FACTORED LIVE LOAD = 1.81 ki lt 

ALLOWABLE LIVE LOAD = 0.361 ksf = 361.3 PSF 
say 360 PSF 

ALLOWABLE POINT LOAD= 29.63 kips 

CALCULATE THE SHEAR CAPACITY OF PLANK 

Ve = (o.6fi: + 700 V,,d" Jb,,.d 
M,, 

Ve shall not be taken less than the following: 

Ive = 2Ji:b ... d I 89604.57 LBS 89.6 kips 

DEAD LOAD SHEAR= w0L/ 2 = 10762.5 LBS 10.76 kips 

TOTAL REMAINING SHEAR CAPACITY IN PLANK 78.84 kips 

UNFACTORED LIVE LOAD = 7.69 kil t 

ALLOWABLE FACTORED LIVE LOAD = 4.81 kilt > 2.89 kift 

SINCE THE FACTORED LIVE LOAD BASED ON SHEAR IS HIGHER THAN THAT 
CALCULATED FOR FLEXURE, THE LIVE LOAD FOR FLEXURE GOVERNS. 

CONCLUSIONS 

RevO 

AL THOUGH THE PLANK HAS AN ALLOWABLE LIVE LOAD OF 360 PSF, THIS SHOULD BE 
REDUCED TO 300 PSF. 

THIS APPLIES ONLY TO PRECAST PLANK NUMBERS P1 AND P2, AND PLANKS WITH 
SIMILAR PROPERTIES TO P1 AND P2. 

By: MO 

Check JC 
By: 

Date: 5/2912009 

Date: 5/30/2009 

References/Results 

ALLOWABLE LIVE LOAD 
BASED ON FLEXURE 

360 PSF 

ACI 11.4.2 

ALLOWABLE LIVE LOAD 

360 PSF 

NOAM Calculation Sheet 



Ila/crow NOAM CALCULATION SHEET No: 4 Rev: 

Project: PIER 40 CONDITION SURVEY 

Subject: LOAD RATING FOR PRECAST PRESTRESSED PLANK WITH EXPOSED STRANDS 

CALCULATION OF CENTER OF GRAVITY OF PRESTRESSING STRAND LAYERS 

RevO 

2"~ 17r\ 
,.,,,+ ir 

s /Ox o .@"'1?= 

I,, .. 
I l 

I 3(~ 3 (4) :: 

7. <./ )ca­

J. 1~'5 

J S ~332 in 

/ .. qp<; ,,., . 3 

Q:/9'1 11'1. 
2 

I 

By: MO 

Check JC 
By: 

Date: 5/29/2009 

Date: 5/3012009 

NOAM Calculation Sheet 



DECK LOAD RATINGS - CAST-IN-PLACE CONCRETE 



Ila/crow 

General Inputs 

Tributary width for beam (ft) 1 
Clear span of beam (ft) 10.0 

Weiqht of concrete (lb/ft3
) 150 

Slab thickness (in) 0 
Beam width (in) 12 
Beam depth (in) 15 

SDL (lb/fr) 0 
LL (lb/fr) 275 
Dead line load (k/ft) 0 

Dead Load Factor 1.2 
Live Load Factor 1.6 

Point Loads 
Unfactored point load 1 (k) 0 
Impact Factor 15% 
Loe. of Max. Moment (ft) 0.0 

Unfactored point load 2 (k) 0 
Impact Factor 15% 
Dist. from Max. Moment (ft) 6 
Location from oriqin (ft) 6.0 
Location btwn suooorts Btwn 1&2 

Loe. of Max. Shear (ft 10.0 
Dist. of P2 from P1(ft 6.0 

Loading Module 

Unfactored Load 
Loading 

Total (k) 
Distributed 

(klft) 

DL due to slab 0 0 
DL due to SDL 0.00 0.00 
DL due to self weqht 1.88 0.19 
DL due to line load 0.00 0.00 

Total DL 1.88 0.19 
Total LL 2.75 0.28 

Total LoadinQ 4.625 0.4625 

orig_i_rl_ 

FINGER PIER 
DECK 

Factored Load 

Total (k) 
Distributed 

(k/ftl 
- 0.00 0 
- 0.00 0.00 -

2.25 0.23 
0.00 0.00 
2.25 0.23 
4.40 0.44 
6.65 0.67 

f pport 1 fsupport 2 '?support 3 

Unfactored Moments Unfactored Factored 
Max positive moment (k-ft) : 3.25 4.67 

Max negative moment (k-ft): -5.78 -8.31 
Maximum Shear (k): 2.31 3.33 

Reactions at Suooort Unfact ored Factored 
Moment at Suooort 1 (k-ft : 
Moment at Support 2 (k-ft : 

Reaction at Support 1 (k : 
Reaction at Support 2 (k : 



Ila/crow 

Beam Inputs 
b (in) - - 12 -
h (in) ' - 15 -
fc (ksil 3.75 
We (lb/ft3) 150 
fy (ksi) - 40 
Le (bottom) (in) 3 
Le (top) (in) 2 
EC 0.003 
ES 0.00138 
13 0.85 
Layers of rebar 1 

Number of 
Row of Reinforcing 

Bars 

1 1 
2 3 
3 0 

FINGER PIER 
DECK 

Concrete Beam Module 

Width of beam 
Depth of beam 
Strength of concrete 

Weight of concrete 
Strength of steel reinforcing 
Clear cover to bottom reinforcement 
Clear cover to top reinforcement 
Max strain in concrete 
Max strain in steel 
[ACI 318-0510.2.7.3] 

----- --·~-- --- . - - ----

Reinforcing Bar 
Bar Size 

Diameter (in.) 

5 0.625 
3 0 
0 0 

Bar Size Distance o/c (in) 
4 12 

' Cl> ~flexure) I -0.9, [ACI 318-05 9.3.1) 
Cl> shear) 0.75 (ACI 318-05 11 .1] 

I~~ ~~~:l I ~~l[ACI 318-05 8.5.1] 

IC I 0.19071 
Es 0.1730 

----

Clear Distance from % Section 
Area per 

Reinforcing Row Below Remaining 
Bar (in2

) (in.) (OSx:51) 

0 .31 NIA 0 .5 
0 1 1 
0 1 1 

% Section 
Diameter Area of steel Remaining 

(in) (in 2, (OSxS1) 
0.5 0.2 0.5 



Ila/crow FINGER PIER 
DECK 

Beam Moment Capacitv Beam Shear Capacity 

As1(in
2

) 

As2 (in~) 

As3 (in~) 

Asr (inL) 

e (in) 
d (in) 
a (in) 

Mn (k•in) 

<!>Mn (k•in) 

IM~~ A,f,( d-~)I 

Original Reduced 
0.31 0.16 

0.00 0.00 

0.00 0.00 

0.31 0.16 

0.31 0.31 
11.19 11 .19 
0.32 0.16 

136.72 68.86 

123.04 61 .97 

Area of steel in bottom layer 

Area of steel in second layer 

Area of steel in third layer 

Total area of steel 

V0 (k) 

V5 (k) 

Vn=Vc+Vs(k) 

<!>Vn (k) 

Dist. to center of steel, 0 = bottom of long. reinforcement 
Depth from top compression fiber to center of steel 
Depth of compression section 

Oriciinal Reduced 
16.44 16.44 

14.92 
-. 

7.46 ·-
31.36 ·- 23.90 

23.52 17.93 

Ive= 2[ibd [ACI 318 - 05 (11.3.1.l)]I V, 
Afd 

' -' [AC I 3 18 - 05 (1 1.5.7.2) 
s 

Results for Two Eoual Span Continuous Beam 

Original Shear Capacity Reduced Shear Capacity 

Factored Positive 
Moment (k-ft 

4.67 

k-ft k Factored Shear 
3.325 

% 
Overstress 

N/A 

% 
k) I Overstress 
~ 



CURRENT AND ICE LOAD CALCULATION 
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Design: 
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WAVE LOAD CALCULATION 



Halcrow, Inc 
22 Cortlandt Street 

New York. NY 10007 

Tel (212) 608-3990 Fax (212) 566-5059 

www.halcrow.com 

Technical note 

Pro ject Hudson River Park - Pier 40 

Ila/crow 

Date May 15, 2009 

N ote 
\'\lave Forces on Pile Cap beam and piles at Pier 40 Ref 
Expansion Bridge Structure 

Author Furong Zhang, Atilla Bayram 

INTRODUCTION 

This memorandum presents the results of wave force calculations on the edge beam and 

piles at the Pier 40 Finger Pier Extension in the Hudson River. 

ENVIRONMENTAL PARAMETERS 

Extreme wave climate at the site is provided in Hudson River Park Structural Design 

Guidelines Rev. B report prepared by Arup (Arup, 200 I). Table I summarizes environmental 

parameters. Table 2 documents tidal planes publi shed by NOAA for Battery Park City. It is based 

on 1983-200 I tidal epoch. Local water depth in front of the structure is taken as 9.14 m-MLL W 

(30 ft-MLL W) as it is given in project drawing. The deck level has been set at + 3.42m-MLL W. 

The design water level is selected as+ 1.56 m-MLL W. 

Table I - Wave parameters for the Pier 40 Finger Pier Extension Structure 

Direction H, (m) TP (s) Local water depth (m-MLLW) 

Southerly 3.04 5.40 9. 14 
Westerly I.OS 2.60 9. 14 

Summary of Wave Forces on Deck and Piles.doc 



Technical note 

Project 

\\lave Forces on edge beam and piles at Pier 40 Finger 

Pier Extension 

Pier 40 Condition Survey 

Table 2- Tidal Planes at Battery Park City Station 

Tidal Planes \\later Le\'el (m) 

I 00 yr Flood, Level 3 Hurricane 3.62 

Highest Observed Water Level (9/12/1960) 3.12 

MHHW 1.56 

MHW 1.46 

NGVD 1929 0.57 

MLW O.Q7 

MLLW 0.00 

Lo,vest Observed (2/276) -1.24 

WA VE FORCES ON PILE CAP BEAM 

Page 2 

Ref 

The beams are 12.2 m in length (dimensions perpendicular to the direction of wave travel) with a 

cross-section of 1.3 m x 1.3 m (see Fig. I). In order to calculate the forces on the beam the method 

by McConnell et al. (2004) was used. An excel spreadsheet was prepared to facilitate the 

calculations. Detailed calculations are attached. Table 3 summarizes predicted quasi-static and 

maximum (i.e. short duration impact) horizontal forces on the beam. 

Uplift forces due to waves was not considered. The wave force on the Finger Pier Extension is 

considered to be the worst case condition and will therefore be applied to the Pier Shed structure 

as well. 

2 
Summary of Wave Forces on Deck and Piles doc 



Technical note 

Project 

12 2m 

Wave Forces on edge beam and piles at Pier 40 Finger 

Pier Extension 

Pier 40 Condition Survey 

Page 3 

Ref 

Fig. 1 Pier 40 Finger Pier Extension Structure Cross Section 

Table 3- Total wave force on the edge beam ( 12.2 m x 1.3 x 1.3 m) 

Wave Directions 
Force (kN) 

Southerly 

169.3 38ki 

Use this for 

design 

The wave force on the edge beam is distributed over contact area of 12.2 m x 1.3 m, or 15.86 m2, 

which is equivalent to 171 SF. The wave force on the edge beam is therefore equal to 223 PSF. 

A wave force of 223 PSF will be applied to the structural model. Because these extreme wave 

conditions are wind induced, the waves will be applied simultaneously with wind under the 

provided loading combinations. 

3 
Summary of Wave Forces on Deck and Piles.doc 



'fechnical note 

Project 

\X/aye Forces on edge beatn and piles at Pier 40 Finger 

Pier Extension 

Pier 40 Condition Sun,ey 

WA VE FORCES ON PILE 

Page 4 

Ref 

Existing piles which support the deck slab are similar in size to HP 14x89 steel H-piles. Force due 

to waves on the pile is estimated using Morrison equations as recommended in Shore Protection 

Manual (USA CE SPM 1984). Pile cross section is assumed to be circular in order to simplify the 

calculations. Table 4 summarizes predicted total maximum force, and associated moment with 

moment arm with respect to the sea bed. Detailed calculations are attached. In short, the total 

maximum force on the pile is estimated to be 3915 N. The force is estimated to be applied at a 

point 8.2 m above the sea-bed. 

Table 4- Wave forces on the pile 

Moment ann 
Directions Fm,, (N) from mud line 

(m) 
Southerly 3914.9 (0.88 kios) 8.2 
Westerly 887.4 (0.2 kios) 10.3 

Due to the relatively small load, these forces will not be applied to the structural model of the pile. 

References 

Arup, 200 I, "Hudson River Park Structural Design Guidelines", Arup, NY, USA. 

McConnell, K, William, Allsop, Ian, Cruickshank, 2004," Piers, Jetties and Related Structures 

Exposed to Waves - Guidelines for Hydraulic Loading, Thomas Telford, 250p. 
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Ila/crow 
Source: Pier, Jetties and Related Structures Exposed to Waves- Guidelines for Hydarulic Loading-2004 by 
McConnell at al. 

INPUT DATA 
Local Water Depth h1 (m-MLLW) 9.14 
Design Water Level (m-MLLW) 1.56 
Deck Elev. (m-MLLW) 3.42 

H, (m) 3.1 
h (m) 10.7 
Tm (s) 5.4 

NZ 660 

Bw(m) 12.2 

BL (m) 1.3 

Bh(m) 1.3 

Ps (kg/m3
) 1030.0 

g (m/s2
) 9.8 

Pc (kg/m3
) 2400.0 

Coefficient for Vertical Force 
(quasi-static), Cv 1.0 
Coefficient for Horizontal Force 
(quasi-static), Ch 1.0 

Fh.max I Fvqs Ratio 2.~ 

L0 (m) 45.5 

ko (m-1
) 0.1381 

L(m) 42.0 

Hmax (m) 5.49 

llmax (m) 3.84 
C1 (m) 0.56 

~-', . 
,J 
I 

__,,___ -

~ · 

Number of waves during the storm 

~ , 

Deck width perpendicular dominant wave dir. 

Deck length (in direction of wave attack) 

Deck slab height 

Density of seawater 

Gravitational acderation 

Density of concrete 

Input- Table 5.5- Allsop et al. (2004) 

Input- Table 5.7-Allsop et al. (2004) 

I-

Input- Fig. 5-29 (There is also detail calc method to find Fmax but it requires prediction of 
natural period of oscillation for the structure and not included in here) 

Deep water wavelength 

Deep water wave number 

Local wavelength 

Max. wave height 

Max. wave crest elevation (selected as 0. 7*Hmaxl 

Clearance between Design Water Level and Deck Bottom 

Wave Forces on Deck-Southerly 



Ila/crow 
P1 (N/m2

) 

P2 (N/m 2
) 

Fh. (kN) 
a 
b 

20036.8 

331 72.4 80.3 kips/ft2 
Hydrostatic pressure at the top of the deck element 

Hydrostatic pressure at the bottom of the deck element 

Input- Table 5.6- Allsop et al. (2004) 

Input- Table 5.6· Allsop et al. (2004) 

Fhqs (kN) 

Phqs (kN/m
2

) 

421.9 
0.45 
1.56 

169.3 

10.7 
37.9 kips Max. positive (seaward) quasi-static (pulsating) force 

222.8 pound/W Max. positive (seaward) quasi-static (pulsating) pressure 

Table 5.4. Coefficients.for prediction olvertical wave forces using Equation (5. 19) 
(after McConnell at al. , 2004) 

Wave load and configuration 
Upward vertical forces (seaward beam and deck) 
Upward vertical forces (internal beam only) 
Up,•,;ard vertical forces (internal deck, two- and three-dimensional effects) 
Downward vert ical forces (seaward beam and deck) 
DO\.\.'llward vertical forces (internal beam only) 
Downward vertical forces (internal deck, two-dimensional effects) 
Downward vertical forces (internal deck, three-dimensional effects) 

Table 5.5. Coefficients for upper and lower limits of tesr data 
(after McConnell at al. , 2004) 

¥/ave load and configuration 
Upward vertical forces (seaward beam and deck) 
Upward vertical forces {internal beam only) 
Upward vertical forces ( internal deck. tw o- and three-dimensional effects) 
Downward vertical forces (seaward beam and deck) 
Downward vertical forces (internal beam only) 
Downward vertical forces (internal deck, two-dimensional effects) 
Dowmvard venical forces (internal deck, rhree-dimcnsional effe.:ts) 

Wave Forces on Deck-Southerly 

a h 
0.82 0.61 
0.84 0.66 
0.71 0.7 1 
-0.54 0.91 
-0.35 1.12 
-0. 12 0.85 
-0 .80 0.34 

(,~'1 Clower 

1.5 0.5 
i.4 0.5 
2.2 0.1 
1.6 0.4 
1.8 0.5 
2.1 
1.4 0.65 



Ila/crow 
Table 5. 7. Coefficients for upper and lower limits of test data 

(after McConnell at al. , 2004) 

Wave load and configuration C uo~r C l,;,wt., 
Shoreward horizontal forces, F1tqs- (seaward beam) 2 0.25 
Shoreward horizontal forces. Ft,q..+- (internal beam) 1.8 
Seaward horizontal forces. Ft-,qs. (seaward beam) 2 0.15 
Seaward horizontal forces, Fh9,. (internal beam) 3 

4.5 

4 .0 
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------- --· 
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0.0 
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(flmu -c,) I H, 

Ratio of vertical impact forces to quasi-static forces (after McConnell et al. 2004) 

Wave Forces on Deck-Southerly 



I-la/crow 
Source: SPM 1984 (Morrsion Eq.) 

INPUT DATA 
Local Water Depth h, (m-MLLW) 

Design Water Level (m-MLLW) 

Hs(m) 

d(m) 
T, (s) 

N, 
D(m) 

Ps (kg/m3
) 

g (m/s2
) 

Pc (kg/m3
) 

Drag Coefficient, C0 

Inertia Coefficient , CM 

L0 (m) 

ko (m-1
) 

L(m) 
Hmax (m) 

9.14 
1.56 

3.05 
10.70 
5.94 

660.001; 
0.35 

1030.00 

9.81 
2400.00 

0.70 
1.50 

55.0 
0.1142 

48.6 
5.49 

Number of waves during the storm 

Density of seawater 

Gravitational acclerat ion 

Density of concrete 

Input- Fig. 

Input- Fig. 

Deep water wavelength 

Deep water wave nunber 

Local wavelength 

Max. wave height 

Wave Forces on Piles 



Ila/crow 
dl(gT/) 0.0309 

H,,l(gTp2
) 0.020 - Read from Fig. 7.75 

Hb(m) 6.9 

Hmof(gT/) 0.0088 

K,M 0.44 - Read from Fig. 7.71 Using H,,IH= 0.44 & d/(gTp2
) 0.0309 

KoM 0.29 - Read from Fig. 7.72 Using H,,IH= 0.44 & dl (gT/) 0.0309 

F,M(N) 1956.9 

FoM(N) 3339.2 

w 0.25 

+m 0.17 - Read from Fig. 7.76 - 7.79 Using Hmof(gT/) 0.0088 & d/(gT/) 0.0309 

FMAx(N) 3914.9 or -- ----r80.1 lbf 

SIM 0.58 - Read from Fig. 7 .73 Using H,,IH= 0.44 & dl(gTP 2) 0.0309 

SoM 0.82 - Read from Fig . 7 .74 Using H,,IH= 0.44 & d/(gT/) 0.0309 

M1M(N.m) 12.144.7 

MoM(N.m) 29,298.0 

w 0.25 

Um 0.13 - Read from Fig. 7.80 - 7 .83 Using Hmof(gT/) 0.0088 & dl(gT/ ) 0.0309 

MMAx(N.m) 32,033.11 or 23,626.41 lbfx m 

r(m ) 8.18 or 26.84 ft 

Wave Forces on Piles 



0 .004 

H 
-;r'f 0.001 

0.0008 

0 .0006 

Shallow water 

0 .2 o., 0 . 
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MOORING ANALYSIS 



HALCROW, INC. 

CONTRACT NO.: 001080350 Cale. Sheet Cont'd -------
Client: Hudson River Park Trust Project II UDSON RIVER PARK BERTJ-140 

Title: MOORING ANALYSIS FOR HORNBLOWER INFINITY 

PURPOSE 

To perform mooring analysis using quasi static method for preliminary design in order to predict 

maximum mooring load for safe mooring of Hornblower Infinity at Hudson River Park Be11h 40. 

Compare the mooring results with previous mooring study done for LILAC. 

DESIGN BASIS AND UNCONFIRMED ASSUMPTIONS 

I. As per Reference I, considered parameters are: 

Maximum wind speed = 110 MPH (- 96 knots) and 

Current velocity = 2.0 knots 

2. The location of the ship along the pier is assumed as shown through appendix 3. 

3. Bollards are assumed to have I 00 ton working capacity. 

4. The mooring cables are assumed to have infinite strength. 

5. Mooring line attachment points on the bollards are taken as effectively I ft above the pier 

deck. 

6. The pier height is considered 11 feet above low water datum (MLL W). 

7. Future dredge depth is assumed as 50 ft from datum. 

8. Each timber fender is assumed vertical, cy lindrical and has constant c/s of 12" dia. The 

fenders are made of Southern Pine (Structural no. 2, medium grain).Elastic Modulus = 

1400 ksi 

9. CIC distance between timber fenders is 8 ft. 

10. Fender piles fixity point is calculated 11 ft. below mudline. Mudline is at EL - 15.00'. 

11. Type of mooring Jines used in the analysis is Steel Wire of 143 kips strength. 

12. The Mooring Arrangement Plan is attached with OPTIMOOR Report sheet (Appendix 5). 

13. Water level (distance between MLLW and MHHW) = 5. 12 ' 

14. Width of estuary is considered as 2640 ft . 

15. Distance between ship and fenders is 3' 

16. Bollards are assumed to be 4 ft far from the fenders. 

17. Fender Performance curve is generated based on calculations shown through appendix 4. 

18. Ship impacts the fenders at 5ft above the datum (MLL W). 



HALCROW, INC. 

CONTRACT NO.: 001080350 Ca le. Sheet 2 Cont'd ------
Client: Hudson River Park Trust Project II UDSON RIVER PARK BERTII 40 

Tille: MOORING ANALYSIS 

19. Port side of the vessel is faci ng the be1th. 

20. The vessel target is the midship of the vessel. Berth target is the bollard G (see Mooring 

Arrangement Plan, Appendix 5. The distance between the vessel and ship target is 50 '. 

21 . As per reference I, Significant wave coming from south : Wave height = I 0.00 ' ; Wave 

period = 5.4 Secs 

22. During regular tide, HWL EL.= 5. 12' ; L WL EL.= 0.0' , Time lag at slack = 60 mins 

(assumed) 

23. Flat side points of the vessels are assumed same as LBP points on aft and forward sides. 

24. Tidal velocity = 0.2 Knots/ft tide for EBB and 0.6 Knots/ft tide for fl ood condition. 

25. Ship windage area is based on calculations by OPTIMOOR. 

26. The soil type under mud line is soft clay. 

DESIGN PROCEDllRES 

Mooring analysis is performed using OPTIMOOR. Following case is studied: 

CASE I: Analysis for USCGC LILAC (WAGL - 227) 

SHIP DATA: 

OVERALL LENGTH = 205.3 ' 

LBP = 190' (assumed) 

DEPTH = 22.8' ( Draft + Free board (scaled from Fig in appendix I ) 

BEAM = 46.4' 

DRAFT = 7.9' (Light draft) 

Trim (Draft aft minus draft forward) = 0.0' (assumed) 

BOD\' OF CA LC l lLA TION 

The analysis was performed for: 

~ Wind speed = 96 knots; Wind direction = 90° from North. 

~ Current velocity = 2.0 knots; Current direction = 90° from No1th 

};,> Wave height = I 0.00' ; Wave direction = 90° from North; Wave period = 5.4 Secs 



HALCROW, INC. 

CONTRACT NO.: 001080350 Cale. Sheet 3 Con I'd 

C lient: Hudson River Park Trust Project H UDSON RIVER PARK BERTH 40 

Title: ~IOORING ANALYSIS 

CONCLUSIONS 

The maximum lateral force (thrust) under wind, wave and current (including tidal current) 

actions is observed on fender gg (See Arrangement plan, appendix 2). 

Maximum lateral load noticed on fender gg = 19 kips 

Total lateral load on the deck = 253 kips 

As the environmental loads push the vessel towards the vessel, two of the mooring lines are 

in slack and rest two don 't experience high tensile forces. 

Based on the results of the mooring analysis, the total lateral load imposed on the fender system and 

pier structure over the 190 ft length (LBP) of the vessel is 253 kips, or 1.2 kips per ft along the 

length of the concrete edge beam. Below table shows the comparison with the mooring loads 

generated by LILAC. 

LILAC Hornblower Infinity 

Vessel parameters 

LOA (ft) 173.3 205.3 

Beam (ft) 32 46.4 

Draft (ft) 11 .25 7.9 

Side windage area (ft2) above deck 2702 3524 

Mooring results 

Maximum fender load (kips) 19 19 

Total lateral load on the deck (kips) 192 253 

LPB (ft) 160 190 

Pressure the concrete edge beam (kips/ft) 1.2 1.33 

Fender number within parallel body 15 18 



HALCROW, INC. 

CONTR,\ CT NO.: 001080350 Cale. Sheet 4 Cont'd --------
Client: Hudson River Park Trust Project HUDSON Rl\'ER PARK BERTI I ~O 

Title: I\IOORING ANALYSIS 

APPENDIX 1: 

Geometry and mooring points location of Hornblower Infinity 

M/V Hornblower /11/inily 
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HALCROW, INC. 

CONTRACT NO.: 001080350 Cale. Sh eel 5 Con I' d 

Client: Hudson River Park Trust Projecl HUDSON RIVER PARK BERTH 40 

Tille: ~IOORING ANALYSIS 

APPENDIX 2: 
OPTIMOOR INPUT AND OUTPUT FILES 

Berth Data f or BERTH 40: HUDSON PAR 
(file c: \ OPTIMOOR\pier 40 rerun\Berth40_Hudson_River_Park.bth) 

units in ft & kips 

Left to Right of screen Site Plan Points: o· 
width of Estuary (for current): 2640 

Pier Height (Fi xed) above Datum: 11.0 
Dredged Depth bel ow Datum: 50.0 

Dist of Berth Target to Ri~ht of origin: 520.0 
wind Speed Specified at Height: 33.0 

current Specified at Depth: mean 

Hook/ x- Dist Dist to Ht above A 11 owabl e 
Bollard to origin Fender Line Berth Load 

A 20.0 4.0 1.0 220 
B 90.0 4.0 1.0 220 
c 180.0 4.0 1.0 220 
D 270.0 4.0 1.0 220 
E 350 .0 4.0 1.0 220 
F 430 .0 4.0 1.0 220 
G 520 .0 4.0 1.0 220 
H 600.0 4.0 1.0 220 
I 700 . 0 4 .0 1.0 220 
J 800.0 4.0 1.0 220 

Fender x-Dist Ht above Width Face contact 
to origin Datum Along s ide Area (ft 2

) 

aa 664.0 11.0 1.0 11. 0 
bb 672 . 0 11 .0 1.0 11.0 
cc 680.0 11. 0 1. 0 11.0 
dd 688 . 3 11. 0 1.0 11.0 
ee 488 . 0 11. 0 1.0 11.0 
ff 496.0 11. 0 1.0 11 .0 

~~ 
504 . 0 11.0 1.0 11.0 
512 .0 11.0 1.0 11.0 

ii 520 .0 11.0 1.0 11.0 

ii 528 .0 11. 0 1.0 11.0 
536.9 11 .0 1.0 11.0 

11 544.0 11 .0 1.0 11.0 
mm 552.0 11.0 1.0 11. 0 
nn 560.0 11.0 1.0 11. 0 
00 568.0 11.0 1.0 11. 0 
pp 576.0 11.0 1.0 11.0 
qq 584.0 11.0 1.0 11.0 
rr 592 . 0 11.0 1.0 11.0 
SS 600 . 0 11. 0 1.0 11.0 
tt 608 . 0 11. 0 1.0 11.0 
uu 616.0 11. 0 1.0 11 .0 
vv 623. 9 11. 0 1.0 11 .0 
WW 632. 0 11.0 1.0 11.0 
xx 640.0 11 .0 1. 0 11 .0 
yy 648.0 11.0 1.0 11.0 
zz 656 .0 11 .0 1.0 11 . 0 

Fender Load-compression Data 
aa 0 100 200 300 400 500 600 kips 

0.03 2.08 4. 17 6 . 25 8 . 34 10 . 43 12 . 50 ft 

bb 0 100 200 300 400 500 600 kips 
0.03 2 .08 4 .17 6.25 8.34 10 .43 12.50 ft 



HALCROW, INC. 

CONTRACT NO.: 001080350 Cale. Sheet 6 Cont'd 

Client: Hudson River Park Trust Project IIUDSON RIVER PARK BERTII 40 

Title: MOORING ANALYSIS 

cc 0 100 200 300 400 500 600 kips 
0.03 2.08 4.17 6. 2 5 8.34 10.43 12 . 50 ft 

dd 0 100 300 300 400 500 600 kips 
0.03 2.08 4 .17 6 . 25 8 . 34 10.43 12.50 ft 

ee 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6.25 8.34 10 .43 12.50 ft 

ff 0 100 300 300 400 500 600 kips 
0 . 03 2 . 08 4.17 6.25 8.34 10.43 12.50 ft 

gg 0 100 300 300 400 500 600 kips 
0.03 2 . 08 4.17 6. 25 8.34 10 .43 12.50 ft 

hh 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6. 2 5 8.34 10.43 12 . 50 ft 

ii 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6 . 25 8.34 10.43 12.50 ft 

jj 0 100 300 300 400 500 600 kips 
0.03 2 .08 4.17 6.25 8 . 34 10.43 12 . 50 ft 

kk 0 100 300 300 400 500 600 kips 
0.03 2.08 4 . 17 6.25 8.34 10.43 12.50 ft 

11 0 100 300 300 400 500 600 kips 
0.03 2.08 4 . 17 6 . 25 8 . 34 10 . 43 12.50 ft 

mm 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6 . 25 8.34 10.43 12.50 ft 

nn 0 100 300 300 400 500 600 kips 
0.03 2 .08 4.17 6.25 8 . 34 10.43 12.50 ft 

00 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6.25 8.34 10.43 12 . so ft 

pp 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6.25 8.34 10.43 12 . 50 ft 

qq 0 100 300 300 400 500 600 kips 
0.03 2 .08 4.17 6. 2 5 8.34 10.43 12 . 50 ft 

rr 0 100 300 300 400 500 600 kips 
0.03 2 .08 4.17 6 . 2 5 8 . 34 10.43 12.50 ft 

SS 0 100 300 300 400 500 600 kips 
0 .03 2.08 4 . 17 6 . 25 8 . 34 10.43 12.50 ft 

tt 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6.25 8 . 34 10.43 12.50 ft 

uu 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6. 25 8.34 10.43 12 . 50 ft 

vv 0 100 300 300 400 500 600 kips 
0.03 2.08 4 . 17 6. 2 5 8.34 10.43 12 . 50 ft 

WW 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6. 2 5 8.34 10.43 12.50 ft 

xx 0 100 300 300 400 500 600 kips 
0.03 2.08 4.17 6. 2 5 8.34 10. 43 12.50 ft 

yy 0 100 300 300 400 500 600 kips 
0.03 2 . 08 4. 17 6 . 25 8 . 34 10.43 12 . 50 ft 

zz 0 100 300 300 400 500 600 kips 
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~~~~~~~~ 

Client: Hudson River Park Trust Project HUDSON RIVER PARK BERTH 40 

Title: MOORING ANALYSIS 

0.03 2.08 4.17 6 .25 8.34 10.43 12.50 ft 

Vessel Data for Hornblower infinity 
(file c:\OPTIMOOR\pier 40 rerun\Berth40_Hornblowerinfinity.vsl) 

Units in ft, inches, & kips 
Longitudinal datum at Midship 

190 .0 
46.4 
22.8 

Cont'd 

LBP 
Breadth 

Depth 
Target 

End-on projected windage area 
side projected windage area 

Fendering possible from 
to 

current drag data based on 
wind drag data based on 

0.0 fwd from midship and 0.0 above deck at side 
796 above deck level 

x-dist 
De th 

I'll 

Flats i de contour 
- 66.5 76 .0 
12.0 12.0 

3525 above deck level 
0.350 LBP aft of midship 
0.400 LBP fwd of midship 

OPTIMOOR (Generic Data) 
OCIMF Tanker (U-shaped Bow) 

mmrin ,:,opp qq ,r 

Line 
No. 

1 
2 
3 
4 

Fair­
Lead x 
92.6 
77. 2 

- 49.9 
- 88 .2 

Fai r - Ht on 
Lead Y Deck 

23.2 0.0 
23 .2 0.0 
23.2 0.0 
23 .2 0.0 

Di st to 
Winch 

0 .0 
0.0 
0.0 
0 .0 

Brake Pre­
Limit Tension 

0.0 
0.0 
0.0 
0.0 

Line 
Size-Type- BL 

3. 7 SW 143 
3 .7 SW 143 
3 .7 SW 143 
3.7 SW 143 

Tail segment -1 
Lgth-Si ze-Type- BL 

Codes for Types of Line: 
SW: Steel Wire (steel core) 

Static Mooring Response for Hornblower infinity at BERTH 40: 
HUDSON PAR 

units in ft & kips (file C:\OPTIMOOR\pier 40 rerun\Berth40_Hudson_River_Park.OPT) 

Static Time sweep up to : 
water Level 

Draft 
Trim 

Bottom clearance 

Deck Level at Target 
significant wave Ht 

wave Mean Period 
wave Direction Tru e 

wave Direction to Berth x-axis 
current 

current Direction True 
current Direction to Berth x-axis 

wind speed 
wind Direction True 

wind Direction to Berth x-axis 

Fwd offset of vessel Target 
Total End-On windage Area 

Total side windage Area 

Remarks: 
1141 Apr 24 2009 

1.32 above Datum 
7.9 
0.0 

43 .4 

5.2 above pier 
10 .01 

5.4 sec 
go· 
go · 

2.82 knots 
go · 
go · 
96 knots 
go · 
go · 

50 .0 from Berth Target 
1487 
6356 

yy 
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Title: ~IOORING ANAL \'SIS 

wave Drift Force : 
Longitudinal 

0.0 
Transverse 

26.4 
Yaw Moment/LBP 

0 . 5 
Current Drag Force : 0.0 21.1 

wind ora1 Force: -14 .1 204.8 
Tota Force: -14.1 252.3 

0 . 0 
- 11. 2 
-10 . 7 

vessel Moves(at Target): 0.1 fwd 0.3 i nw -0.1 ° stbd 
0.0 fwd 0.3 i nw -0 . 1 ° stbd 

Line to Pull Tot . Line In-Line winch worst Line 
Bollard -i n Length ±Motion Slippage Time Tension 

1-I 0.00 37.8 1141 0 .0 
2-G 0.00 127.3 1141 5.4 
3-H 0.00 80.1 1141 0 .0 
4-F 0.00 52.1 1141 8.8 

Fender Thrust Compression Pressure contact Area 
gg 19 0.42 1. 7 100% 

18 0 .41 1. 7 100% 
ii 18 0.40 1.6 100% 

~~ 17 0.39 1.6 100% 
17 0. 37 1. 5 100% 

11 16 0. 36 1. 5 100% 
mm 16 0 . 35 1.4 100% 
nn 15 0 . 34 1.4 100% 
00 14 0 . 33 1. 3 100% 
pp 14 0.31 1. 3 100% 
qq 13 0.30 1. 2 100% 
rr 13 0.29 1.1 100% 
SS 12 0.28 1.1 100% 
tt 11 0. 27 1. 0 100% 
LIU 11 0.26 1. 0 100% 
vv 10 0 .24 0 . 9 100% 
WW 10 0 .23 0 . 9 100% 
xx 9 0 . 22 0.8 100% 

Total 
Hook/ x- Y- Other Other Horiz oi rec ti on 

Bollard Force Force X- Load Y-Load Force i n Pl an uplift 
F 8 . 8 0 . 6 8 . 8 86° 0 . 7 
G 5. 4 0 .1 5 .4 88 ° 0.2 

Approximate natural period s 
surge: 4.0 sway : 7 .3 secs 

OPTI MOOR Vers ion 6.1.16 Tension Technology International ~ 29 June 2012 

0 . 0 up 
0 . 0 up 

Percent 
Strength 

0% 
4% 
0% 
6% 

Cont' d 
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Ila/crow 
PIER 40 ANALYSIS SUMMARY 

TYPE OF CONSTRUCTION 

Steel H piles (14BP89) were driven to the hard rock below the mud and silt soil. The mud 
elevation varies between 10 to 30 feet below Mean Sea Level (MSL). The concrete decks 
were built on the top of steel piles. The top elevation of decks is at 11' above MSL. The 
concrete decks consist of precast 12" solid concrete slabs and cast-in-place concrete girders. 
There is a 2" asphaltic concrete wearing surface on the top of slab. The referenced structural 
drawings are available by Roberts and Schaefer Co. dated April 1957. 

A two-story building was built on the perimeter of the pier, creating an "O" shaped structure. 
The building serves as parking spacing in majority of the area, and an office space on the 
east end. The building is composed of 6" deep precast concrete slabs, "I" beams, reversed 
"T" girders and cast-in-place concrete columns. The referenced structural drawings are 
available by Roberts and Schaefer Co. dated February 1960. 

The lateral system of building to resist the wind and earthquake is the concrete 
moment connection system. The first floor is about 20 feet in height, and the second floor 
is about 18 feet in height. There is a 3 foot high parapet at the top of the building perimeter. 

LATERAL ANALYSIS ASSUMPTION 

The following approaches and assumptions are taken in the modelling: 

1) The fixed point of "H" pile at base is at the 12'-0" below the mud line. It was verified by 
the "LPILE" analysis based on soil report by Mueser Rutledge Consulting Engineers 
dated April 1979 with boring holes at the west side of the pier. 

2) Top of "H" pile is treated as fixed point within the concrete deck systems (girders or 
slabs). 

3) The portions of the pier divided by expansion joints act independently to the lateral 
loads. 

4) Steel piles are of the yielding strength Fy = 36 ksi, based on bearing pile properties in 
"Steel Construction" AISC Fifth Edition 1958. 

5) Average concrete strength is 4.375 ksi. Concrete is cracked . The properties for the 
concrete members of structure with cracked sections, base on ACI 318 - 05: 

Beams ..... ... . .... .. .. ... .. ...... ..... 0.35 lg 
Columns ..... . .. . ... . ..... .. . ..... .... 0.70 lg 
Slabs . ....... . ...... .. . .... ... .. .... .... 0.25 lg 



DESIGN LOADS 

1) Self - weight of structure: to be calculated by ET ABS and SAP automatically. 

2) Superimposed dead load, including topping: on building slab 20 psi and on pier slab 
30 psi. 

3) Wind: ASCE 7-98, 110 MPH, Exposure C and lw= 1.0. 

4) Wave: 223 PSF on edge beam (north-south direction only) 

5) Seismic: NYC Building Code 2004, A = 0.15, site coefficient= 1.2 and I, = 1.0. 
Rw = 5 for main pier, Rw = 3 for finger pier 

6) Ice: 8" thick ice, and 14 Kips acting on piles and 1.54 Kips on side of piles. (north­
south direction only) 

7) Current: current velocity to be 1.5 knots and acting on piles with 10.2 plf. 

ANALYSIS PROCEDURE 

Given the complexity of the structures, a series of three-dimensional computer analyses was 
conducted using the ETABS and SAP computer programs, both developed by Computers 
and Structures Inc., of Berkeley, California. 

Previous experience with other structures had established the importance of incorporating 
gravity loads directly into the lateral analysis. Accordingly, ETABS and SAP were used to 
evaluate building and pier movements and the distribution of forces within the columns due 
to the gravity loads. P-Delta effects are automatically included in the ETABS and SAP 
analyses. 

Two portions of the pier are taken to represent the actual building and pier situation. One is 
taken from the North - West corner of the pier with a 300x220 foot portion; and the other one 
is from the "finger pier," a narrow portion of pier at South -West corner jutting into deeper 
water. The finger pier has been modelled in SAP due to the geometry of the structure's 
battered piles. 

The models are dependent on the average mud line elevation. The outer piles in the N-W are 
assumed to 15'-0" below MSL (Mean See Level) and interior ones are 12'-0" below MSL. The 
mud line under the finger pier is taken as 30'-0" below MSL. 
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1. INTRODUCTION 

Hudson River Park 
Strucrural Design Guidelines 

These guidelines have been prepared to establish struchiral design criteria and standards 
applicable to the whole of Hudson River Park, with the exception of Segment 4. 

Design crite1ia for Segment 4 have been reviewed in compiling the Guidelines. In certain 
instances these guidelines differ from what has been applied in Segment 4. 

2. STANDARDS AND CODES 

2.1 General 

The primary code applicable is the New York City Building Code (1999 Edition), except in 
specific areas where the Trust may direct that the latest New York State Building Code will 
apply. 

2.1.1 Other Codes and Standards: 

• NYC Fire Prevention Code 

• NYC Local Laws 

• Directives and Memoranda of the NYCBD 

• Rules of the Board of Standards & Appeals 

• NFPA where referenced by applicable codes 

• The Americans With Disabilities Act (ADA) 

• Occupational Safety and Health Adnlinistration (OSHA) Code of Federal Regulations -
29CFR 1919 

2.2 Site Flood Conditions 

Flood Hazard Areas are located on the Flood Insurance Rate Map contained in the NYCBC (RS 
4-4). The design requirements for minimizing flood damage are given in Subchapter 4, Article 
10 of the NYCDB and are referenced in FEMA I 02/May 1986 Design Standards. Waterfront 
structures shall be designed to survive a 100 year flood and a Level 3 hurricane. 

2.3 Structural 

Design and construction shall be in accordance with the latest edition of the following (The 
applicable publication year is noted. Copies of these document.,;; arc kept in the Project Office 
for reference): 

• New York City Building Code ( 1999 Edition), except in specific areas \\'here the Tn1st may 
direct that the latest New York State Building Code will apply. 

• Piers and marine structures shall be designed in accordance with the Department of the 
Army, Watenvays Experiment Station, Corps of Engineers "Shore Protection Manual" 
(Volumes I and 2), 1984 
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-------------- -------

Hudson River Park 
Structural Design Guidelines 

• Pier Sb'uctures shall be designed for the most stringent of the above standards and also 
AASHTO - Standard Specifications for Highway Bridges (1996). 

• Design of Coastal Revetments, Seawalls and Bulkheads. ACOE Publication EM 1110-2-
1614, 1995 

, British Standards Institute BS 6349. 

• American Concrete Institute - Building Code Requirements for Reinforced Concrete. ACI 
318-1999 

• Precast Concrete Institute (PCI) - Recommended Practice for Design, Manufacture and 
Installation of Pre-stressed Concrete Piling; Prestressed Concrete Piling Interaction 
Diagrams. 

, Strnctural Steel: AISC Steel Construction Manual (LRFD 2nd Edition or ASD 9" Edition) 

• Stainless Steel: ASCE Standard - Specification for the Design of Cold-Fonned Stainless 
Steel Structural Members - ANSI/ ASCE-8-90. 

• Aluminium: The Aluminium Association- Aluminium Design Manual ( 6th Edition, 1994). 

• Timber: National Design Specification for Wood Construction. 

• Welding; 

• Steel: A.W.S. Structural Welding Code-Steel DI.I - 1996. 

• Aluminium: A.W.S Structural Welding Code-Aluminium Dl.2 - 1997 

• Stainless Steel: Welding of Stainless Steel -Nickel Development Institute (NIDI) - 1996 

• Masonry: Building Code Requirements for Masonry Structure ACl-530 and ACl-531 for 
Concrete Masonry Structures. 

, NAVFAC (Design Manual) DM-7.1 - Soil Mechanics. 

• NA VFAC (Design Manual) DM-7.2-Foundation and Soil Structures. 

• ASCE Standard ANSIASCE-7-98. "Minimum Design Loads for Buildings and Other 
Structures". 

• AWPA (American Wood-Preservers' Association) standards: 

• C 1-00 - All Timber Products, Pressure Trcattnent 

C 2-00 -Lumber, Timbers, Bridge Ties and Mine Ties, Pressure Treatment 

C 18-99 -Material in Marine Construction, Pressure Treatment 

P 5-00 - Waterborne Preservatives 

P 13-95 - Creosote 

M 4-98 - Care of Pressure-Treated Wood Products 
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• ASTM Standards: 

• A 36-00 Specification for Carbon Structural Steel 

Hudson River Park 
Structural Design Guidelines 

• A 153-00 Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

• A 185-97 Specification for Steel Welded Wire Fabric, Plain, for Concrete 
Reinforcement 

• A 193-01 Specification for Alloy-Steel and Stainless Steel Bolting Materials for 
High-Tetnperaturc Service 

• A 194-01 Specification for Carbon and Alloy Steel Nuts for Bolts for High-Pressure 
or High-Temperature Service, or Both 

• A 307-00 Specification for Carbon Steel Bolts aod Studs, 60 000 PSI Tensile Strength 

• A 325-00 Specification for Structural Bolts, Steel, 1-leat Treated, 120/105 ksi 
Minimum Tensile Strength 

• A 416-99 Specification for Steel Strand, Uncoated Seven-Wire for Prestressed 
Concrete 

• A 490-00 Specification for High-Strength Steel Bolts, Classes 10.9 and 10.9.3, for 
Structural Steel Joints (Metric) 

• A 500-01 Specification for Cold-Fonned Welded and Seamless Carbon Steel 
Structural Tubing in Rounds and Shapes 

• A 572-00 Specification for High-Strength Low-Alloy Columbium-Vanadium 
Structural Steel 

• A 615-01 Specification for Deformed and Plain Billet-Steel Bars for Concrete 
Reinforcement 

• A 653-00 Specification for Steel Sheet, Zinc-Coated (Galvanized) by the Hot -Dip 
Process 

• A 706-01 Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete 
Reinforcement 

• A 775-01 Specification for Epoxy-Coated Reinforcing Steel Bars 

• A 884-01 Specification for Epoxy- Coated Steel Wire and Welded Wire Fabric for 
Reinforcement 

• A 924-99 Specification for General Requirements for Steel Sheet, Metallic-Coated by 
the Hot-Dip Process 

• A 992-00 Specification for Steel for Structural Shapes For Use in Building Framing 

• B 221-00 Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods and 
Wire, Profiles and Tubes 

• C 33-01 

• C 62-01 

• C 90-01 

Specification for Concrete Aggregates 

Specification for Building Brick 

Specification for Loadbearing Concrete Masonry Units 
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, C 150-00 

• C 260-00 

• C 476-01 

Specification for Portland Cement 

Specification for Air-Entraining Admixtures for Concrete 

Specification for Grout for Masonry 

• C 857-95 Practice for Minimum Structural Design Loading for Underground Precast 
Utility Structures 

• C 902-01 

, D 25-99 

Specification for Pedestrian and Light Traffic Paving Brick 

Specification for Round Timber Piles 

• D 1751-99 Specification for Preformed Expansion Joint Filler for Concrete Paving and 
Structural Construction 

, D 1760-99 Specification for Pressure Treatment of Timber Products 

• D 6109-97 Standard Test Methods for Flexural Properties ofUmeinforced and Reinforced 
Plastic Lumber 

2.4 References 

• Eldridge "Tide and Pilot Book" 1996 

• American Petroleum Institute. «Recommended Practice for Planning, Designing, and 
Constructing Fixed Offshore Platforms - Working Stress Design" 

• "Design of Highway Bridges" - R. M Barker and J.A. Puckett, 1997 

• Tidal Data published by NOAA, date 10128185. for period 1960 - 1978 

• "Breakwaters, Jetties, Bulkheads & Seawalls"~ Pile Buck Inc. - 1992 

• Naval Facilities Co1nmand, Military Handbooks: 

• Piers and Wharves MIL-HDBK-102511 

• Harbors DM 26.1 

• Coastal Protection DM 26.2 

3. MATERIALS 

The material properties to be used for design shall be as follo\vs: 

3.1 Reinforced Concrete 

Cast-in-place Concrete and Non-Prestressed Precast Concrete: 

• For all piers and structures subject to marine envirornnent, minimum fc'= 5000 psi, nonnal 
weight concrete with Type II or Type II A cement to conform to ASTM CI50. Water 
cement ratio (by weight) shall not be greater than 0.4. All exposed concrete shall be air­
entrained and comply with ASTM C 260, with 5% to 8°/o air content. Admixtures 
containing chloride ions are prohibited. Aggregates shall conform to ASTM C33. Concrete 
shall be mixed and transported in accordance with AC! 318, 304, 301. 
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• High quality concrete with adequate thickness and cover shall be specified to provide 50-
year life in marine environment. In chloride environment, consideration should be given to 
cement with at least 25°/o fly ash or 65°/o blast furnace slag. 

• Reinforcing bars shall conform to ASTM A 615 Grade 60 Fy = 60 ksi. Consideration 
should be given to epoxy coating to comply with ASTM A 775. Protect coating from 
damage in accordance with the Specification. All dan1aged areas of epoxy coating shall be 
re-coated and cured to the satisfaction of the Owner's Representative prior to concrete 
encase1nent. Welding of AST1v1 A 615 reinforcing bars is prohibited. 

• Reinforcing to be welded shall be approved by the Owner's Representative and confonn 
to ASTM A 706. Welding shall conform to the requirements of AWS Dl.4 -Structural 
Welding Code for Reinforcing Steel. Welding electrodes for reinforcing steel shall be 
E90:XX unless otherwise noted. 

• Welded wire fabric shall confonn to ASTM A 185 and shall have an ultimate tensile 
strength of 70 ksi, epoxy coated to comply with ASTM A 884. 

• All finished surfaces shall be smooth troweled, unless otherwise noted on the Design 
Drawings. 

• Pouring new concrete against existing concrete: clean and roughen existing concrete 
suiface, just prior to concrete pouring, coat existing concrete with Sikadur 32 high- mod 
bonding agent or approved equivalent applied in accordance with manufacturer's 
instructions. 

• Premolded expansion joint filler for concrete shall be bituminous type and shall be 
preformed in accordance with ASTM 01751. 

3.2 Precast Prestressed Concrete: 

• Minimum fc'= 6000 psi. 

• Tendons shall be low relaxation 7-wire strand conform to ASTM A 416, Grade 270. 

• 4 Tendon release shall not take place until the concrete strength exceeds 4000 psi. 

• All suifaces shall be smooth finish, corners shi:111 not be chamfered unless otherwise noted. 

• Submit calculations to the owner's representative for review prior to ordering. 

• The location and detail of lifting devices for the precast prestressed member shall be 
detennined by the contractor, considering all loads imparted during transpotiing, handling 
and installation. All lifting devices shall be removed and concrete patched with 
epoxy grout as required after insta11ation. 

3.3 Structural Steel 

• Shapes and Bars shall be ASTM A 572 and A 992 Grade 50 with FF 50 ksi and Fu~65 ksi, 
unless otherwise noted. Plates shall be ASTM A 36, with Fy=36 ksi and Fu=58ksi, unless 
otherwise noted. 

• Pipes shall be ASTM A 500 type B, with Fr42 ksi and Fu~58 ksi. 

• Tubes shall be ASTM A 500 type B, with Fy~46 ksi and Fu~58 ksi. 
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• Bolts shall be High Strength Bolts ASTM A 325 or ASTM A 490 (for buildings only) or 
ASTM A 193 with hardened nuts and washers, galvanized in accordance with ASTM Al 53. 

• Anchor bolts shall be ASTM A 307 or ASTM Al 93 or, for buildings, ASTM A 325 or 
ASTM A 490. Threaded fasteners shall be ASTM A 36, ASTM Al 93 or ASTM A 572 
Grade 50. 

• Welding electrodes shall be E?OXX with the exception of welding to existing steel, where 
investigation shall be directed to determine the type of the existing base metals, its 
weldability and the filler metals to he used. Field welding is not pennitted unless othenvise 
noted or unless approved in advance by owner's representative. 

• Metal deck shall conform to ASTM A 653, Fy=33 ksi. Minimum 18 gage, hot-dip 
galvanized with minimum GI 15 for severe exposure conditions. 

• All structural steel, bolts, hard\vare, etc., shall be galvanized in accordance with ASTM A 
153. Chase all threads after galvanizing. 

3.4 Treated Timber Fender Piles 

• All treated timber piles shall be 12" minimum diameter, measured 3 ft from butts. Minimum 
compressive strength F'c = 1000 psi 

• Timber piles shall be either Douglas Fir Larch or Southern Pine conforming to A WPA C 1, 
C2 and C18 and shall be pressure impregnated with a preservative in accordance with 
AWPA P5, Pl3 and M4 and AASHTO Ml 33. 

• Mechanical fasteners in wood shall be hot·dip galvanized in accordance with ASTM A 153. 

3.5 Masonry 

• Concrete block for load bearing masonry construction shall be Type 1 moisture controlled 
units (Grade N·I) that meets the requirements of ASTM C 90, minimum f 'm = 1200 psi. 

• Brick for masonry construction shall be Grade SW and confonn to requirements of ASTM 
C62. 

• Brick for use as paving material to support pedestrian and light vehicular traffic shall be 
Class SX Type I and conform to requirements of ASTM C 902. 

• Reinforcing steel used in the masonry construction shall confonn to ASTM A 615 Grade 
60. 

• Mortar: the ingredients used in making mortar shall conform to the mortar specified in 
AASHTO Articles 14.2.3 and 14.4.2. 

• Grout for filling voids in hollow masonry units shall conform to ASTM C 476, or the 
requirements of AASHTO Section 8 or Section 14.2.3, Admixture shall he used only when 
specified or approved by tbe owner's representative. 

3.6 Aluminium 

Aluminium shall be Alloy 6061-T6 in accordance with ASTM 8221. Properties and tension 
tests are required. 
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3. 7 Structural Timber 

Hudson River Park 
Structural Desig11 Guidelines 

• Structural timber design and construction shall comply with the American Institute of 
Timber Construction Manual, second edition, 

• All structural timber to be either douglas fir-larch or southern pine and shall be visually 
graded by authorized agency in accordance with ASTM D 245 and bears the official grade 
mark. Design values for the graded lumber shall comply with the applicable provisions of 
"National Design Specification for Wood Construction" by the American Forest and Paper 
Association (AF & PA). 

All structural timber shall be pressure treated with preservative 1naterials and solutions in 
accordance with AWPA Cl, C2 and C18 and a preservative in accordsnce with AWPA PS, 
Pl3 and M4 and AASHTO Ml 33. 

• Timber chocks and wales, diagonal bracing and low water bracing will be douglas fir-larch 
or southern yello\v pine, Commercial Grade No. 2, treated per AWPA Cl witb preservative 
treatment by pressure process (salt water use) \Vith waterborne preservatives. Miniinu1n 
retention of Chromated Copper Arsenate (CCA) 2.5 lb/cf. Commercial No. 2 timber will 
have the following mini1num characteristics: Boards: Extreme fiber bending Fb = 1 ,200 
psi Modulus of elasticity E - 1,600 ksi. Hardware will be ASTM A307, galvanized per 
ASTM A153. All bolts will include ogee washers and hex nuts. Hard\vare connectioIL<; on 
outboard faces of fender piles and on chocks will be countersunk. 

3.8 Timber Bearing Piles & Timber Pile Caps 

• Timber bearing piles and timber pile caps will be Demarara Greenheart. The minin1um 
diameter oftbese piles shall be 12", when measured 3 feet from the butt. Pile cap beams 
will be 12"x 12"(rough). 

• Greenheart will have tbe following minimum characteristics: 

Air- dried 
Modulus of Elasticity 
Modulus of Rupture 
Bending Stress (allow) 
Compression Parallel to Grain (allow) 
Shear Parallel to Grain 

3.9 Recycled Plastic 

3,!00ksi 
17,900 psi 
3,800 psi 
3,000 psi 
380 psi 

• Subject to approval by HRPT and Department of Building Services Waterfront Permits 
Unit, materials for structural joist, girders, columns, and fender piles may be based on the 
use of acceptable quality recycled plastic lumber shapes which comply \\•ith ASTM D6109-
97 Flexural Secant modulus@ 1 % strain> 350,000 psi; and flexural stress@ 3°/o strain> 
2,500 psi. 

• Materials for decking shall be based on the use of acceptable quality recycled plastic lumber 
shapes whicb con1ply with ASTM 06109-97 having a n1inimum flexural secant 1nodulus@ 
1 °/o strain 70,000 psi, and a flexural stress at 3o/O strain> 1,500 psi. 

• Exposed surfaces of plastic lumber sball be non-skid. 
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• All fasteners for decking shall be stainless steel #10 square drive countersunk decking 
screws. 

3.10 Backfill 

Backfill or fill material shall confonn with the requirements of the Project Specifications. 

Design of structures and paving supported on such fill shall be in accordance with AASHTO 
( 1996). 

4. LOADS 

4.1 Vertical loads 

• Self·,veight of structure. 

• No increase in the historic load·bearing capacities of piers is pennitted. Loads for which 
existing piers have been designed are given in Appendix A. 

• New and re·built piers shall be designed for the superitnposed dead loads applicable at the 
pier and for a live load of 100 pounds per square foot in public areas. To provide for future 
use adaptability, piers should generally be designed for a superimposed dead plus live load 
equal to 350 pounds per square foot, but not exceeding the historic loads. Design loads must 
be clearly stated on the drawings. 

• Maximum vehicle loads will generally be H20 as defined in accordance with AASHTO, 
with 15o/o impact. Vehicles will be excluded from grating areas, unless othef\1/ise noted. 

• In locations directed by the New York City Planning Bureau, a fire truck must be 
accommodated, with allowance ofup to 30% overstress, with the following maximum loads 
and dimensions: 

Total Weight 

Length between axles 

Rear Axle Weight 

Vehicle Width 

68 000 pounds 

37' 9" 

48,000 pounds 

8' O" 

• Minimum live loads and dead loads to be applied when designing underground monolithic 
or sectional precast concrete utility structures shall conform to ASTM C 857. 

4.2 Wind 

Basic Wind Speed 110 MPH, Exposure C. Wind pressure shall be in accordance with 
ANSI/ASCE 7-98: Minimum Design Loads for Buildings and Other Structures, with ao 
importance factor= l .00. 
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4.3 Seismic Acceleration Coefficient A= 0.15 

Hudson River PBTk 
Strucrural De~ign Guidelines 

• Response Modification Factor R shall be in accordance with AASHTO Division I-A 
Seismic Design Section 3. 7. 

• Site Coefficient S shall be in accordance ,vith NYC Building Code section 27- 675 and its 
Reference Standard RS-9-6. 

4.4 Snow 

Ground Snow Loading (Pf)= 30 psf (drift and partial snow loads to be considered, where 
applicable). 

Combination of snow load and snow clearing vehicle to be considered where applicable. 

4.5 Temperature: (AASHTO) 

Steel structures: 

Concrete structures: 

4.6 Soil Pressure 

O degrees to 120 degrees Fahrenheit. 

Temperature Rise: 30 degrees Fahrenheit. 

Temperature Fall: 40 degrees Fahrenheit 

Earth pressures shall be determined in accordance with AASHTO ( 1996), Division I, Section 
3.20. 

4.7 Lateral loads on curbs, guardrail and vehicle barriers 

Curbs, guardrails and vehicle barriers shall comply with AASHTO (1996) requirements. 
Railings should be designed for loads specified in the NYC Building Code. 

4.8 Piers and Marine Structures 

Piers and marine structures shall also be designed in accordance with the recommended 
procedures for such structures and for the following conditions: 

4.8.1 Wind 

Wind conditions defined in 4.2 shall apply. 

4.8.2 Current 

Design for actual anticipated cutTent conditions at the particular pier, with a minimum current 
velocity of 1.5 knots (2.5 ft/sec) 

4.8.3 Wave Conditions 

• Average \.\'ave Height H = 3.0 feet 

• Average Wave Length L = 65 feet 

• Average Wave Period T = 3.5 seconds 
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• Extre1ne Conditions 

Southerly 

• Fetch = 6.5 nautical miles 

• Significant Wave Height= 10.0 feet 

• Wave Period= 5.4 sec 

• Wavelength~ 218 feet 

Westerly 

• Fetch= 0.75 nautical miles 

• Significant Wave Height= 3.4 feet 

• Wave Period= 2.6 sec 

• Wavelength= 106 feet 

4.8.4 Ice 

lee Thickness: 8 inches 

Design shall be for both static (crushing at structure sides) and dynamic (flowing) conditions 
and shall be in accordance with Design of Highway Bridges, Barker and Puckett, 1997, pp. 180-
190 

Ice Abrasion ( side) Fa ~0.11 • F 

4.8.5 Vessel Loads 

Berthing 

Piers and bulkheads at which vessels will berth shall be designed for berthing loads to be 
detennincd based on BS 6349 - Part 4, using an approach velocity of 1.5 to 2.0 knots and an 
angle of approach of 15 and 10 degrees respectively, as measured from the longitudinal axis of 
the pier. The vessel size to be designed for shall be detennined from the actual conditions 
applicable to the pier. 

Mooring Loads 

Mooring loads will be determined based on wind, wave and current loads. Winds will be 
applied from all possible directions. The analyses will include the elastic properties of the 
selected fender and the elasticity of the mooring lines. 

4.8.6 Loading Combinations 

The specified loads shall be considered in various combinations in accordance with the 
following table from the Military Handbook, MlL-HDBK-1025/1, Section3.4, Load 
Combinations: 

Service Load Design 

Load Combination: 51 52 53 54 SS 56 87 SB 89 
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Service Load Design 

Dead~ (including superimposed 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
dead load) 

Live(Concentrated)+lmpact or 1.0 0.1 1.0 1.0 1.0 1.0 
Live(Uniform) 

Buoyancy 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Vessel Berthing 1.0 

Current 1.0 1.0 1.0 1.0 1.0 

Earth Pressure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Earthquake 1.0 

Wind on Structure 0.3 1.0 0.3 1.0 

Wind on Vessel 0.3 1.0 0.3 

Creep/Rib 1.0 1.0 1.0 
Shortening+Shrinkage+ 
Temperature 

Ice+ Minimum Temperature 1.0 1.0 

o/o Allowable Stress 100 100 125 125 140 140 133 140 150 

Load Factor Design 

Load Combination: U1 U2 U3 U4 U5 U6 U7 U8 U9 

Dead* (including superimposed 1.3 1.3 1.3 1.3 1.25 1.25 1.3 1.3 1.2 
dead load) 

Uve(Concenlrated)+lmpact or 1.7 0.17 1.3 1.3 1.25 1.3 
Live(Uniform) 

Buoyancy 1.3 1.3 1.3 1.3 1.25 1.25 1.3 1.3 1.2 

Vessel Berthing 1.7 

Current 1.3 1.3 1.25 1.25 1.2 

Earth Pressure 1.3 1.3 1.3 1.3 1.25 1.25 1.3 1.3 1.2 

Earthquake 1.3 

Wind on Structure 0.3 1.25 0.3 1.2 

Wind on Vessel 0.3 1.25 0.3 

Creep/Rib 1.3 1.25 1.25 
Shortening+Shrinkage+ 
Temperature 
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Hudson River Park Trust 

Load Factor Design 

Ice + Minimum Temperature 

Hudson River Park 
Structural Design Guidelines 

1.3 1.2 

• 0.90 of dead load only (excluding superin1posed dead load) for checking members for 
minimum axial load and maximum moment. 

*• 0.0, 0.10, or 0.20, depending on the live load assumed to be acting on pier for earthquake 

Load calculations. See Earthquake Loads, paragraph 3.3.4, MIL-HDBK-1025/1. 

5. SERVICEABILITY CRITERIA 

5.1 Tidal Effects 

Piers and bulkheads, including elevalions, get downs, gangways, etc shall be designed to 
accommodate the applicable tidal data. 

The following tidal data is published by NOAA (10/28/85) for Battery Park City (elevations in 
feet, referenced to Borough of Manhattan Highway Datuin). For other locations designers 
should refer to the actual published data ( See Reference in 2.4). 

Tidal Data: Battery Park City 

Borough President National Geodetic 
of Manhattan Vertical Datum of 

Highway Datum 1929 (NGVD'29) 

100 yr. Flood, Level 3 Hurricane +7.25 + I0.00 

Highest Observed (9/12/60) +5.60 +8.35 

Mean High High Water +0.49 +3.24 

Mean High Water +0.15 +2.90 

Manhattan Highway Datum 0.00 +2.75 

NGVD of 1929 -2.75 0.00 

Mean Low Water -4.41 -1.66 

Mean Low Low Water -4.63 -1.88 

Lowest Observed (2/2/76) -8.70 -5.95 

Northeaster of December 11, 1992 reached +7.68 above NGVD. 

All elevations are in feet. 

MLLWDatum 

+ 11.88 

+ 10.23 

+5.12 

+4.78 

+4.63 

+ 1.88 

+0.22 

0.00 

-4.07 

Rev B October 15, 2001 



Hudson River Park Trust 

Elevations on the plans refer to the Borough of Manhattan Highway Datum. 

Hudson River Park 
Structural Design Gu1deline5 

The following design water levels shall apply, based on Manhattan Borough Datum: 

• Extreme High Water +5.60 feet 

• Mean High Water +0.15 feet 

• Mean Low Water -4.41 feet 

• Extre111e Low Water -8.71 feet 

5.2 Durability 

All structures and their materials shall be designed for a 50-ycar service life, during which 
minimal 1naintenance or inspection will be required under nonnal use. 

5.3 Deflection Criteria 

Deflection of pier structures shall be limited as follows: 

~d1+ 6.sdl + 6.u - Camber < L/ 180 

6.n < L/ 240 or I", whichever is smaller. 

where; 

~ 1 = Construction dead load deflection, 

"'" 

Superimposed dead load deflection 

Live load deflection 

L Beam span. For cantilevers use twice the cantilever length. 

The lateral deflection of new structures shall be li1nited as follows: 

6.wind < hi 500 

< h I 250 

height of pier ( calculated from the theoretical point of fixity). 

Rev 8 Octobfr 15, 200 I 
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PIER LOADS 



A 1. PIER LOADS 

Hu<l.'>Oo River Park 

Strucrural Design Guidelioes 

ORIGINAL DESIGN LOAD CURRENT LOAD CAPACITY COMMENT BASED ON MASTER 
PIER PER ACOE (1) (psi) 

25 
26 
32 
40 
42 

45 
46 
51 
52 None 
53 None 
54 
57 
61 500 
62 
63 
64 None 
66 
72 
78 None 
81 500 
83 500 
84 
86 None 
88 500 (lower)+100(2nd)+50(roof) 
90 500 
92 500 
94 650 
96 400 

P:W001 PMDC BOVlS·AR\JPISTRUcnJRAL GUIDELINESIJ-{RJ>T • SITUCr DESIGN Page A] 
r.UIDEJ.lHES - REV B -0:TOJ.OOC 

PER HRPT (2) (psi) PLAN 

468 Pier to be reconstructed 
483 Pier to be reconstructed 
464 New get down + ecological pier 
508 Future redevelopment 

Pier to be reconstructed 

468 Pier to be reconstructed 
468 Pier to be reconstructed 

Pier to be reconstructed 
Not inspected Repair substructure 

Fire boat station - no work 
468 Part replace, part repair 

Part repair 
Chelsea Pier - no work 
Repair substructure 

356 Pier to be reconstructed 
468 Part replace, part repair 

Not inspected Pile field - pier to be reconstructed 

Not rated Pile field with getdown 
Ferry Terminal - no work 
World Yacht - no work 
Circle Line - no work 

415 Pier to be reconstructed 
Intrepid Pier - No work 
Passenger ship terminal - No work 
Passenger ship terminal - No work 
Passenger ship terminal - No work 
Conference Center - no work 
Boat launch- existing pile field 

Ove Arup & Partners Con.sultiug Engioeers PC 
Rev B Octobet-15. 2001 

One pier has been 
deleted - refer to 
Segment 4 drgs 
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NOTE: 
(1) 
(2) 

ORIGINAL DESIGN LOAD 
PIER PER ACOE (1) (psf) 

97 400 
98 500 

Hudson River Park 
Structural Design Guidelines 

CURRENT LOAD CAPACITY COMMENT BASED ON MASTER 
PER HRPT (2) (psi) PLAN 

110 - unusual config. Pier to be reconstructed 
Con Edison Pier - no work 

U.S Army Corps of Engineers. Port Series No. 5, Revised 1999, 'The Port of New York, NY and NJ and Ports onlong Island, NY 
HRPT e-mail, per Goodkind and O'Dea inspection reports. Current pier load ratings (only for piers to be totally or partially re-built) to be 
totally or partially re-built) 

P:WOOl PMDC BOVJS,AIU,1''STRUCTIJRAL GUIDELINES\HRYT - STRUCf DESIGN 
GUIDELINES -R.lcV B · OCTOl.OOC 
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HUD~ON R~VER 
Pier 40 Cathodic Protection Systerr, 

Contract No. C3019 

The Honorable 

George E. Pataki 
Governor. State of New York 

James A. Ortenzio 
Chairman, 
Hudson River Parl<. Trost 

Bernadette Castro 
Commissioner, 
New Yori<. State 01fice of Parks, 
Recreation and Historic Preser,11tion 

Do,;,~n p,apar,...; ,:..,. 
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,aoo, •n-3,,, 

,n e=x:,a,,on w,m 

OOODKINO & O"OEA, INC 

rill 

~;"c~:nl6~9!~~:.7. N~! ~:.r·-::r 10010-,~os 
(212) ~-0900 

The Honorable 

Rudolph Giuliani 
Mayor. City of New York 

Randy L. Levine 
Vice Chairman, 
Hudson River Park Trust 

Henry J. Stern 
Commissioner, 
City of New York, Depanment ol 
Parks and Recreation 

,,., 
·, ,' 

[P~~~ 

The Honorable 

C. Virginia Fields 
President, Borough of M11nhattan 

Robert Balachandran 
Presidem.lCEO. 
Hudson River Park Trust 

John P. Cahill 
Commissioner, 
New York State Department o! 
Environmental Conser,ation 

~ 
Hudson River Park Trust 
W.J:U-5, ~[Ar._, 

Rober1 Balachandran Date 
Pres,denllCEO 
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