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INTRODUCTION 

This report presents our geotechnical engineering evaluation and report for the proposed 

Riverside Center Building 1 of the Riverside Center development project at Block 1171, Lots 

154 and 156 in Manhattan, N.Y.  The report summarizes the results of our subsurface 

investigation and presents our geotechnical recommendations related to foundation design and 

construction of the proposed development. Specific recommendations include seismic 

parameters, foundation system and allowable capacities, settlement ranges, permanent control 

of groundwater, applied earth loads on the floor slabs and the foundation walls, and excavation 

issues.   

All services were performed in general accordance with our revised proposal, dated                 

15 December 2014.  Our understanding of the project, building layout, and structural systems is 

based on drawings provided by the project structural engineer (WSP Building Structures – 

WSP) and project architect (GHWA Architects, LLP – GHWA).  Analyses and recommendations 

presented in this document are in accordance with the New York City Building Code 2014 

(Building Code). 

All elevations presented herein are referenced to the North American Vertical Datum of 1988 

(NAVD88) and were obtained from a Topographical Boundary and Utility Survey, prepared by 

Langan, dated 21 January 2015. 

SITE DESCRIPTION 

The Riverside Center development is located on the West Side of Midtown Manhattan and is 

bordered by West 61st Street to the north, West End Avenue on the east, West 59th Street to 

the south and West Side Highway and Riverside Drive to the west.  A site location map is 

included as Drawing No. 1.  

The project proposes to develop the parcel on the northwest corner of New York City        

Block 1171, Lots 154 and 156.  The site has a footprint area of about 92,900 square feet, with a 

frontage of about 420 feet along West 61st Street to the north, 210 feet along Freedom Place 

(under construction) to the east, and about 220 feet along the West Side Highway and 

Riverside Boulevard easement to the west.   

The site is currently used for field offices and storage for the Riverside Center development.  

The field offices lie on the western part of the site.  Building materials and equipment for 

Riverside Center Building 2, under construction to the east, lie on the eastern part of the site.  

At the center of the site, a stockpile of excavated material from Riverside Center Buildings K1 
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and K2 (under construction, located to the north of the site, Block 1171, Lot 150) exists.  The 

stockpile is about 300 feet wide in the east-west direction, 160 feet wide in the north-south 

direction, and about 15 feet high.  Elevations on top of the stockpile range between 27 and 33.  

Elevations around the perimeter site range between 8 and 18.  Sidewalk elevations range 

between about 8 and 9 (sloping from south to north) along the Riverside Drive and from about 

28 and 30.5 (sloping from east to west) along West 61st Street. 

EXISTING STRUCTURES AND UTILITIES 

The following sections briefly discuss the existing buildings and pertinent existing site 

improvements in proximity to the proposed development.   

Relieving Platform at West 61st Street 

The one-block extension of West 61st Street from Freedom Place to Riverside Boulevard was 

recently completed to the north of the site. The street structure consists of an embankment 

laterally braced by a soldier pile and lagging system, over a pile-supported relieving platform, 

according to the record shop drawing, Retaining Wall Along 61st Street drawing SOE-100.01 

dated 14 December, 2012, prepared by the City of New York DOT, Division of Bridges.  The 

platform is about 3-foot-thick and the bottom of platform is at about el 8.2.  The platform 

extends laterally to Riverside Center Building 2 property line.  The type of pile element and 

bearing capacity is not indicated on the drawing.  Records were not available for review at the 

time of this report to confirm the actual locations or lengths of the existing foundations.   

A soldier pile and lagging retaining structure was installed after the construction of the relieving 

platform.  The retaining wall consists of a soldier pile and lagging system of HP12x74 (Grade 

50) spaced 8 feet on center.  One tier of tie-rods is installed at 16-foot spacing.  The tie-rods are 

inclined at a 45 degree angle and are at about elevation 23.1.  The tie-rods consists of a               

1-7/8–inch-diameter SAS bar with a design load of about 73 kips, according to record shop 

drawing, Retaining Wall Along 61st Street drawing SOE-200.01 dated 14 December, 2012, 

prepared by the City of New York DOT, Division of Bridges.  The anchor of the tie-rod was 

installed within the form work of the platform prior to the placement of concrete.  The anchor 

has a minimum stick out of about 8 inches and is followed by a coupler for the remaining bar to 

be installed to the face of the wall.  The face of the wall is 5 feet north of Riverside Center 

Buildings 1 and 2 property line. Drawings showing the relieving platform and support structures 

are included in Appendix B.               



Geotechnical Engineering Report     Page 3 of 24 
Riverside Center Building 1 20 February 2015 
Langan Project No.: 170275401 

Riverside Center Building 2 

Directly east of the project site is Riverside Center Building 2 (17-29 West End Avenue).  This 

site is under construction.  The construction consists of a new 42-story mixed-use educational, 

residential and commercial building with a footprint area of about 50,000 square feet. According 

to structural drawings prepared by WSP Cantor Seinuk (dated 4 October 2013), the building is 

supported on piers, piles, and caissons bearing on rock.  The cellar for Riverside Center Building 

2 extends under Freedom Place up to the Building 1 property line. The cellar top of slab is at 

about el 5.5.  Pile caps along the property line extend to about el 1.5. 

A support-of-excavation system consisting of soldier-pipe piles, timber lagging and tiebacks 

was constructed within Riverside Center Building 1 site, about 3 to 4 feet west of the shared 

property line.  

West Side Highway and Riverside Boulevard 

The Riverside Boulevard easement borders the site to the west.  The West Side Highway is an 

elevated roadway between approximately 40 and 100 feet to the west of the site.  According to 

drawings ST-1 through ST-4, prepared by The RBA Group (dated 15 September, 2014), a 

temporary access road along the Riverside Boulevard easement will be constructed over 

approximately 15 feet of fill to match elevations to the north of the site. Pile-supported sewers 

and steam line are shown within the fill; a relieving platform is shown below the fill.  

Additionally, a ramp connecting Riverside Boulevard to the West Side Highway is proposed.  It 

is anticipated that the construction of the sewers will begin concurrently with construction of 

Riverside Center Building 1. 

Utilities 

Along West 61st Street to the north of the site, sanitary and storm sewers, electric lines, gas 

lines, and water lines are located within the road embankment.  Actual utility elevations are 

unknown at the time of this report. To the west, pile-supported sewers are proposed within the 

fill. 

SITE DEVELOPMENT HISTORY 

We have reviewed several historical maps to identify potential construction impacts.  The maps 

indicate that the three development sites have undergone several cycles of development 

Historical maps depicting the site conditions circa 1865, 1860, and 1879 are attached as 

Drawing Nos. 2 through 4, respectively. 
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According to “Sanitary & Topographical Map of the City and Island of New York” published in 

1865, the proposed building will be situated outboard of the original 17th century shoreline 

within land reclaimed from the Hudson River.  The 1860 Buckhout Map shows an engineered 

edge on the south side of the site (West 60th Street extend).  Our conclusion is that the 

greatest risk for timber cribbing and bulkheads is on the south perimeter of the site.  Additional 

waterfront structures may be present within the site.    

In addition, the site was occupied by railroad tracks that were part of the larger Union Stock 

Yard and Market Company and N.Y. Central System R.R. Rail Yard from as early as 1879 and 

through 1951.  The site was later occupied at different times by a stockyard, lumber yard and 

parking lot. 

LOCAL GEOLOGY 

The site is on Manhattan Island, within the south terminus of the Manhattan Prong of the New 

England Upland province.  Bedrock in the vicinity of the site generally consists of schist, 

amphibolite, serpentinite, granite, and pegmatite overlain by glacial and fluvial soil, and 

extensive fill.  Although urban development has altered the original topography, typically within 

Manhattan the topography mimics the contours of the underlying bedrock. According to 

Baskerville (1994), bedrock stratigraphy in the vicinity of the site is part of the Hartland 

Formation and serpentinite, with rock of the Lower Cambrian age (about 500 to 520 million 

years ago) to Middle Ordovician age (about 461 to 472 million years ago) and intrusive rock 

presumably of the Silurian age (about 417 to 443 million years ago), consisting of granite and 

megacrystalline pegmatite. The geologic map for the site is included as Drawing No. 8.  A large 

sill of intrusive granite is mapped south of the site from West 50th to West 51th Street.  

Boundaries between the intrusive granite and schist are not well-defined within the literature as 

evidenced by intrusive units observed in rock cores throughout the area. 

The following list offers generalized descriptions of rocks mapped in the vicinity of the site: 

� Hartland Formation – Interbedded units of (1) gray, fine-grained quartz-feldspar granulite 
containing minor biotite and garnet; (2) fine- to coarse-grained, gray to tan weathering, 
quartz-feldspar-muscovite-biotite-garnet schist (mica schist); and (3) dark greenish-black 
quartz-biotite-hornblende amphibolite.  Intrusions of granite and pegmatite are common 
(Baskerville 1994).  Foliation is typically oriented either northwest or southeast and dips 
steeply within Manhattan, as discussed by Baskerville, but may be altered locally as a 
result of folding. 
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� Serpentinite – Very dark green to light green serpentinite.  The darker rock is magnetic 
and contains magnetite, chromite, actinolite, and traces of olivine.  The lighter colored 
rock is generally the weathered near-surface part of the rock mass.  The rock may be 
massive or highly fractured and is associated with the surrounding Hartland Formation. 

� Granite and Pegmatite – Gray-white-pink medium- to coarse-grained, biotite-muscovite-
microcline-quartz granite and megacrystalline pegmatite in dikes less than 3 feet thick 
and sills greater than 3 feet thick.  Accessory minerals include tourmaline, pyrite, garnet, 
and epidote.  A thick sill cuts across the rock of the Hartland Formation as shown in 
Drawing No. 5.   

FEMA Flood Maps 

In December 2013, FEMA released preliminary Flood Insurance Rate Maps (FIRM), which 

incorporate updated flood-hazard models.  Select panels were further updated in January 2015 

to reflect revised models.  However, the parcel for the Riverside site was not updated; 

therefore the 2013 map applies.  Effective January 2014, local law 96/2013 from the New York 

City Department of Buildings (DOB) allows the base flood elevation to be designated from the 

worst case of the FEMA FIRM 2007 or preliminary FIRM.  The preliminary FIRM panel for the 

Riverside site indicates the site is within the limits of Flood Hazard Zone AE, “areas of 

inundation by the 1 percent annual chance flood (100-year flood),“ which has a corresponding 

Base Flood Elevation (BFE) of about el 11.  The preliminary FIRM is shown in Drawing No. 6.    

PROPOSED CONSTRUCTION 

The proposed construction consists of a two-tower structure with one podium connecting the 

towers below the 12th floor. The western tower will be 39 stories with an overall height of 

about 460 feet, and the eastern tower will be 27 stories with an overall height of about         

300 feet.  Both structures will be house residential units above the first floor, which will provide 

a lobby and retail space in each tower. The structure will have a cellar and subcellar level, each 

with a footprint of about 92,000 square feet.  The subcellar is anticipated to have a finished-

floor elevation of about el 2.5.  

A pool is proposed at the southwest corner of the site.  The top of the pool slab is proposed to 

be at about el 1.  Utilities are proposed to be housed below the pool and the excavation is 

anticipated to extend to about el -3.5.  The western and eastern tower shear wall cores are 

proposed to be on 7-foot-thick concrete caps supported by deep foundation elements.  The 

elevator pits at the cores extend to about el -13 to el -16.      
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Limited structural information was available at the time of this report.  The structure will be 

constructed with cast-in-place concrete floors and reinforced concrete columns and shear 

walls.  We have based our recommendations on a total building load of 300 pounds per gross 

square foot, a lateral base shear of 3 percent of the gravity load, and a hydrostatic uplift head of 

11 feet acting on the underside of the subcellar slab.  

SUBSURFACE INVESTIGATION 

A set of geotechnical test borings was performed between 16 December 2014 and                   

2 January 2015 to evaluate the subsurface conditions within the footprint of Riverside Center 

Building 1.  Our investigation included (1) drilling borings with insitu testing- and sampling- of 

soil and rock; (2) performing cone penetration tests and seismic cone penetration tests 

(CPT/SCPT); (3) testing  recovered soil samples in a laboratory; and (4) reviewing  available 

historical boring data. A brief summary of the investigation follows.  

Test Borings 

Twenty-nine borings (LB-1 through LB-25, and LB-27 through LB-30) were drilled within the 

vicinity and footprint of Riverside Center Building 1. In addition, seven cone penetration        

test (CPT) were predrilled through existing fill soils to bypass potential obstructions.  The 

borings and CPT locations were drilled by Warren George Inc. of Jersey City, New Jersey, 

between 16 December 2014 and 2 January 2015.  All drilling was performed under the full-time 

special inspection of Langan geotechnical engineers.  A plan depicting the locations of the 

borings and SCPTs is attached as Drawing No. 7.     

The inferred borings LB-13, LB-16, LB-21, LB-25 and LB-28 were drilled to rock top. The other 

twenty-four borings were drilled at least 10 feet into rock to retrieve rock cores and evaluate 

rock quality. The SCPT locations were drilled through existing fill soils to depths varying 

between about 15 and 20 feet below existing grade.   

The borings and CPT locations were advanced through soil overburden using mud-rotary drilling 

techniques with tri-cone roller bits, and a bentonite and water drilling fluid. Temporary flush-

joint steel casing was installed through fill and native overburden soils, as required, to stabilize 

the boreholes and prevent fluid loss during drilling.   
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The Standard Penetration Test (SPT)1 was performed in general accordance with ASTM D1586. 

Penetration values (N-values)2 and visual soil classifications were recorded by Langan’s 

inspecting engineers. Extra SPT tests and samples were obtained through loose and soft 

materials. Soils were sampled using a standard 2-inch-diameter split-spoon sampler. In addition, 

undisturbed thin-walled tube samples were obtained from soft silt-clay soils in accordance with 

ASTM D1587; 13 undisturbed samples were recovered from 14 attempts.  Rock was cored in 

24 borings in accordance with ASTM D2113 to assist in determining bedrock depth, type, and 

quality.  All soil and rock samples were visually examined and classified in the field in 

accordance with ASTM D2487 and the Building Code.  Rock core recovery (REC)3 and rock-

quality designation (RQD)4 were also logged in the field by our inspecting engineers. 

Groundwater monitoring wells were installed as part of a Langan environmental investigation of 

the site.  Aquifer Drilling and Testing installed six permanent and three temporary groundwater 

wells at the site.  Permanent wells were capped and a flush-mount cover was concreted at the 

ground surface.  The locations of the permanent wells are shown in Drawing No. 7. 

Copies of the test boring logs are attached as Appendix C. 

Cone Penetration Testing and Seismic Cone Penetration Testing 

Seven cone penetration tests (CPT) were attempted as part of our investigation. Shear-wave 

velocity measurements were taken at three of the cone penetration tests (SCPT). The SCPT 

locations are denoted as SCPT-1, SCPT-2 and SCPT-5.  The CPT locations were predrilled 

through existing fill soils and backfilled with sand to bypass potential obstructions. The SCPTs 

were pushed to depths ranging from about 34 feet to about 49 feet below existing grade.   

All cone penetration testing was performed in accordance with ASTM D5778 by ConeTec, Inc. 

of West Berlin, New Jersey, on 10 January 2015.  Cone penetration testing consists of pushing 

an instrumented stainless steel cone through soil overburden using hydraulic pressure, while 

continuously collecting data. Field data including cone penetration tip resistance, side friction, 

pore water pressure, and shear-wave velocities are recorded by ConeTec during the testing. 

Seismic testing to measure shear-wave velocity (Vs) was performed at about 3.25-foot intervals 

and consisted of generating vibrations at the ground surface and recording seismic signals at a 

                                                
1  The Standard Penetration Test is a measure of soil density and consistency.    The testing involves driving a 2-inch OD 

split-spoon sampler a distance of 2-ft, using a 140-lb hammer free falling from a height of 30-inches. 
2  N-value – The number of blows required to drive a 2-inch diameter split-spoon sampler 12-inches after an initial “seating” 

penetration of 6-inches, using a 140-pound hammer falling freely from a drop height of 30-inches. 
3  Rock core recovery (REC) is defined as the length of all core pieces recovered divided by the total core run length.   
4  Rock Quality Designation (RQD) is defined as the sum of all recovered sound rock core pieces measuring 4-inches or more in 

length (for type NX, NQ or PQ cores) divided by the total core run length. RQD is a relative indicator of rock quality.   
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geophone mounted within the cone apparatus.  A copy of the ConeTec CPT/SCPT data is 

provided as Appendix D. 

Previous Subsurface Investigations and Borings by Others 

August 2011 Langan Investigation for Riverside Center Building 2 (17-29 West End) 

Six borings were performed for the proposed Riverside Building 2, which abuts the site directly 

to the east.  The boring location plan and logs are included in Appendix A.   

Borings by Others 

As part of our subsurface investigation, we also reviewed historical boring data performed in 

the vicinity of the proposed development.  This data included borings and testing performed for 

the original design of the Riverside Center Building 1 (formally known as proposed Building L), 

Riverside Center Building 3 (formally known as proposed Building M), Building K1, Building K2, 

and Riverside Center Building 2 (formally known as proposed Building N). This data was 

reviewed to evaluate the consistency of the subsurface conditions observed during our field 

investigation. The historical data documents subsurface stratigraphy and blow counts.  Copies 

of the historical boring logs are provided in Appendix A.  In general, the subsurface conditions 

observed in the Langan investigation correlated well with those of historical borings.  

LABORATORY TESTING 

Laboratory testing listed below was performed on select soil samples to evaluate the 

engineering characteristics of the soils within the site and to confirm field classifications.  

� Atterberg Limits Determinations – ASTM D4318 (6 tests) 

� Organic Content Tests – ASTM D2974 (6 tests) 

� Unconsolidated Undrained Triaxial Tests – ASTM D2850 (4 tests) 

� Natural Water Content – ASTM D2216 (6 tests) 

A copy of the laboratory test results are provided as Appendix E.  

SUBSURFACE CONDITIONS 

The subsurface conditions presented herein are based on borings performed to date by Langan 

and review of available historical boring data. A plan indicating the approximate top of rock at 

each boring is attached as Drawing No. 8. Subsurface profiles drawn in the north-south and 

east-west orientations of the proposed building footprint are presented in Drawing Nos. 9 and 

10. 
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Uncontrolled Fill [Class 7]5 

A layer of uncontrolled fill is present beneath the entire footprint of the Riverside Center 

Building 1. The fill is generally consists of heterogeneous mixtures of sand, gravel, and silt with 

variable concentrations of brick-, asphalt-, and concrete- fragments.  Timber was encountered 

at borings LB-1 through 10, LB-15, LB-18, LB-23, LB-24, LB-29 and LB-30. Timber was 

predominantly observed within the top portion of the fill layer and was encountered from about 

el 6.1 to el 17.5.  Based off observations and historic maps, this is likely remnants of the 

railroad ties from the larger Union Stock Yard and Market Company and N.Y. Central System 

R.R. Rail Yard.   

The fill layer extends to depths varying between about 8 and 48 feet, corresponding to 

elevations of between about 0 to -26 feet. The boring data indicate that the density of the fill 

varies from loose to very dense, as evidenced by SPT N-values that varied from 3 to greater 

than 100 blows per foot (bpf); however, in many instances the higher N-values can be 

attributed to the presence of obstructions (boulders, timber, construction debris, etc); 

therefore, these N-values are generally not considered a representative indicator of in situ 

density.  Shear wave velocities recorded in this layer vared from about 516 to 899 feet per 

second.    

The fill is generally considered to be in a loose to medium-dense condition. The fill layer is 

designated as Class 7 – Controlled or Uncontrolled Fill per the New York City Building Code. 

Clay [Class 4b, Class 6] 

A layer of clay was encountered directly below the fill layer in all borings except of LB-15. This 

clay layer is generally considered to be a natural soil layer that represents the former riverbed of 

the Hudson River. The layer predominantly consists of black to gray clay with traces of some 

silt, fine sand and organic matter. In some cases, the recovered timber, silt or fine sand 

comprised the predominant portion of the recovered sample. The timber was encountered 

from about el -2.7 to el -22.  

The clay soil typically varies in thickness between about 2 and 35 feet.  Where encountered, 

the top of the clay layer generally dips toward the river. The bottom of the clay layer was 

observed at elevations between about -3 and -43.  

                                                
5 Numbers in brackets indicate classification of soil and rock materials in accordance with the New York City Building Code (2014). 
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SPT N-values within the clay layer generally varied from weight of hammer (WOR)6 to 84 bpf. 

The higher recorded N-values can be attributed to the presence of obstructions (timber) and are 

not considered representative of in situ density. In general, the clay layer was observed to have 

SPT N-values less than 6 bpf, indicating that the stratum is very soft to soft.  

Six representative samples of the clay layer were tested in a laboratory.  Natural moisture 

contents ranged between 21 and 54 percent.  Liquid Limit (LL) ranged between about 48 and 

81. The Plastic Limit (PL) ranged between about 21 and 37, and the Plasticity Index (PI) ranged 

between 9 and 44.  Organic content ranged between 1 and 5 percent.  Four samples were 

tested for unconsolidated-undrained triaxial compressive strength (UU). The UU tests show that 

the undrained shear strength (su) of the samples varied between about 474 and 1340 pounds 

per square foot.  Shear wave velocities in this layer varied from about 318 to 815 feet per 

second.    

This clay layer generally is classified as CL-OL or CH-OH, and is designated as Class 6 or Class 

4b per the Building Code.   

Silt [Class 5b, 6] 

A discontinuous thin layer of silt is present within the - clay layer throughout the site.  The silt 

layer is generally comprised of brown to gray non-plastic silt with variable concentrations of fine 

sand. The silt layer varies in thickness between about 4 and 5 feet and appears at depths 

between about 33 and 58 feet below existing grade. The bottom of the silt layer was observed 

at elevations between zero and -30 feet. 

SPT N-values within the silt stratum varied between weight of hammer and 17 bpf.  In general, 

the majority of the silt layer is of soft consistency.  

The silt typically is classified as ML and is designated as Class 5b or Class 6 per the Building 

Code.   

Sand [Class 3b] 

A discontinuous thin layer of brown to brown-black medium to fine sand with variable 

concentrations of silt is present beneath the clay at 10 of 29 boring locations. The sand layer 

was observed immediately below the fill layer in boring LB-15. Where encountered, the sand 
                                                
6  WOH = Weight of hammer is penetration of split-spoon sampler under the static weight of a 140 lb hammer in 

addition to the weight of drilling rods. 
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layer varies in thickness between about 1 and 16 feet and appears at depths between about 28 

and 53 feet below existing grade. The bottom of sand layer was observed at elevations 

between about -16 and -50 feet. 

SPT N-values varied between 10 and 100 bpf within the sand stratum. The higher recorded N-

values can be attributed to the presence of timber or boulder obstructions and are not 

considered representative of in situ density. In general, the sand is considered to be medium-

dense with representative blow counts between 10 and 30 bpf. Shear wave velocities in this 

layer varied from about 951 to 1469 feet per second.     

The sand layer is classified as SM and SP – silty sand to poorly graded sand and is designated 

as Class 3b per the Building Code.  

Weathered Decomposed Bedrock [Class 1d] 

A discontinuous weathered, decomposed rock was present in borings LB-1, LB-5, LB-7, LB-9, 

LB-10, LB-15, LB-17, LB-19, LB-20, and LB-29.  The deposit maintains the grain structure of the 

parent bedrock but has weathered such that it breaks down to sand and silt under finger 

pressure.  The material has no apparent unconfined strength and was readily sampled by 

standard penetration testing.  The thickness of the weathered rock layer varied between 1 and 

9 feet.  The top of the stratum varies between about 36 and 60 feet below the existing grade, 

corresponding to elevations between about -7.5 and -50.3.  Field SPT N-values in the 

weathered rock were greater than 100 bpf.   

The weathered rock layer classified as Class 1d – soft rock/weathered rock per the Building 

Code.    

Bedrock [Classes 1a – 1c] 

Bedrock was cored in 24 borings during our study. The top of the bedrock layer was observed 

at depths varying between about 26 and 65 feet below existing grade, corresponding to 

elevations between about –55.3 and –4.1. (Note that the shallowest bedrock level did not have 

any decomposed rock identified). The bedrock surface is irregular in Riverside Center      

Building 1, but generally rises in the middle of the site and slopes downward to the west and 

east.   

Bedrock consists of dark gray-tan mica schist with sills and dikes of granitic rock. The bedrock 

is typically comprised of biotite, muscovite, quartz, hornblende, plagioclase feldspar, garnet.  

Schist has a higher concentration of mica minerals, while granite has higher concentrations of 
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quartz and feldspar. The schist appears to be complexly folded, often with steeply dipping 

angles greater than 45 degrees from horizontal, while the granite phaneritic to porphyritic with 

coarse mineral grains. Weathering of the bedrock rock was variable ranging from fresh to 

slightly weathered. Increased weathering was often noted at contacts between schist and 

pegmatite and at zones of increased fracturing. Most fractures in the schist are parallel to the 

foliation. Fracture spacing varied from close to wide. In general, fracture spacing was observed 

to vary from very close to close.  Some fractures in rock are filled with silty and clayey 

materials. The bedrock was typically moderately hard to very hard, but was observed to be 

softer in more weathered zones. The granite rock is usually harder than schist. 

Rock core recovery (REC) varied between 43 and 100 percent for the standard NX cores. Rock-

quality designations (RQD) varied between 35 and 100 percent. In general, the rock is of a 

competent nature with RQD values exceeding 61 percent.   

The bedrock is designated as Class 1a – hard rock, 1b – medium rock, and 1c – intermediate, 

per the Building Code.  

Groundwater 

Groundwater levels were measured using a water-level indicator in the nine existing Langan 

environmental wells identified as MW-03, MW-10, MW-16, MW-26, MW-28, MW-35, MW-38, 

MW-29 and MW-62. All wells are situated within the site boundary except for MW-62, which is 

situated off site (Riverside Center Buildings 3 and 4). MW-26, MW-35 and MW-38 are situated 

in the stockpile, while the other wells are situated near the west, north, and east site 

boundaries. All monitoring-well locations are shown on Drawing No. 7. Groundwater was 

measured at elevations within the wells between 0.0 and 5.6.   

SEISMIC DESIGN PARAMETERS 

The project seismic design parameters were developed as part of a site-specific seismic study.  

The 9 February 2015 Langan site-specific seismic study is attached as Appendix F.  A summary 

of the site-specific seismic study results is as follows: 

� The project Site Class is E. 

� The short and 1-second-period design accelerations (SDS and SD1) were obtained from 
the project site-specific recommended design response spectrum in accordance with 
the Building Code and ASCE 7-10 seismic design provisions. The recommended design 
accelerations are as follows:   
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SDS = 0.355 g………at period of 0.2 second  

SD1 = 0.136 g………at period of 1.0 second 

The full acceleration response spectrum is provided as Figure 10 in Appendix F.  

� The Seismic Design Category  for the project was determined to be C for Risk Category 
Groups I and II.   

� There is an adequate margin of safety against soil liquefaction; liquefaction need not be 
considered when designing the structure. 

FOUNDATION RECOMMENDATIONS  

The proposed development will include two cellar levels with the lower cellar top of slab 

elevation at about 2.5.  The bottom of slab elevation is at about 1.5.  The proposed foundation 

level of the building is within the uncontrolled fill and above the soft clay river sediment layer.  

Both these deposits are not suitable for foundation support.   

Two foundation types are recommended because of the sloping rock surface: (1) shallow 

foundations consisting of concrete piers bearing on bedrock, and (2) deep foundations 

consisting of either pile foundation bearing on competent bedrock or drilled caissons socketed 

into competent bedrock.  Details of each system are presented below. This section also 

discusses alternatives for the transition zone between the shallow and deep rock areas. 

Shallow Foundations 

Concrete piers bearing on rock are recommended to support loads in areas where competent 

bedrock is within 7 feet of the foundation subgrade level.  Bedrock that is Building Code Class 

1c or better is a nominally satisfactory bearing material and is suitable to support the anticipated 

column loads.  Refer to Drawing No. 8 for approximate location of shallow foundations.  We 

recommend an allowable bearing capacity of 20 tons per square foot (tsf), and an inherent 

factor of safety of at least 3. 

We recommend that individual footings have a minimum area of 9 square feet and that column 

footings have a minimum width of 2 feet. 

Subgrade Preparation 

For rock bearing surfaces, use compressed air to clean all rock-bearing surfaces. The rock 

bearing surface should be clean and dry until concrete is placed. All bearing surfaces must be 

level and clear of debris, standing or frozen water, and other deleterious material. Protect the 
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approved subgrade surface until the footing construction is completed if concrete is not placed 

within 24 hours. Methods of protection include sealing with lean concrete (mud-slab). 

A geotechnical engineer from an accredited Special Inspection Agency must verify bearing 

material during the excavation, in accordance with Building Code requirements. The foundation 

subgrade should be inspected and approved by a professional geotechnical engineer to assure 

that the subgrade material is adequate to provide the recommended allowable bearing 

pressure. 

Estimated Settlement 

The estimated maximum settlement for the piers bearing on the bedrock is 0.5 inches with a 

maximum differential settlement between adjacent columns of 0.375 inches.  The settlement 

will occur as the foundation load is applied. 

Deep Foundations 

We recommend driven piles end bearing on competent bedrock or drilled caissons socketed 

into competent bedrock to support loads in areas where bedrock is greater than 7 feet below 

the bottom of the pier/pile cap. 

Driven H-Piles 

The basic maximum allowable capacity given in the Building Code for piles end-bearing on 

bedrock is 150 tons.  H-piles driven to Class 1-c (or better) rock could achieve an allowable 

capacity of about 150 tons per pile.  To obtain the 150 ton-capacity, we recommend the use of 

an HP 14x89.  The steel section shall conform to ASTM A572 Grade 50 (minimum Fy = 50ksi).  

All H-piles should be fitted with protective points, such as the Hard-Bite manufactured by 

Associated Pile Fitting Corp., or equivalent.  The final pile-driving resistance will be determined 

based on the results of pile static and dynamic testing (see subsequent section).  The pile 

contractor should submit the final selected pile size and a wave-equation analysis for the 

proposed pile-driving hammer assembly prior to the start of construction.  The estimated pile 

lengths of piles bearing on Class 1-c or better rock are between about 30 and 60 feet below 

existing grade. 

We recommend an allowable pile uplift capacity of 10 tons. The estimated spring constants for 

compression and tension are 400 kips/in and 175 kips/in, respectively.  The estimated lateral 

load capacity for the 150 ton-capacity driven pile is 6 tons for the free head condition. These 

values should be verified in the field by load tests.  
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Caisson Piles - Drilled into rock  

Caissons drilled into rock are a feasible alternative to H-piles.  The caissons provide higher 

compression than driven H-piles and have significant tension capacity.  

A caisson consists of an open-ended steel pipe drilled to the top of rock and an uncased rock 

socket.  After drilling, the entire shaft is filled with concrete or grout and steel reinforcement 

bars or structural steel.  Caissons develop axial load capacity through peripheral shear 

resistance between the concrete and bedrock.   

We have considered a nominal 13-3/8-inch-diameter steel caisson pile socketed into rock    

Class 1-c or better bedrock to achieve several loading conditions.  Different caisson options are 

summarized in Table 1 below. The rock socket should be sized using a peripheral shear 

resistance of 200 psi for compressive strength and 100 psi for tension strength.  The Building 

Code does not require load tests for the caisson piles; however, each caisson must be 

inspected using a down-the-hole video camera. 

 TABLE 1 – Drilled Caisson into rock – Estimated Capacities 

Casing 

Diameter 

(inches) 

Socket 

Diameter 

(inches) 

Axial 

Capacity

(tons) 

Uplift 

Capacity 

(tons) 

Spring Constants 

(kip/in) 

*Rock 

Socket 

Length 

(ft) 

Reinforcement  

(Grade 75) 

compression tension 

13.375 11 
300 150 800 1000 11 3 - #18 

400 200 950 1200 14 4 - #18 

(*) The rock socket lengths include a sacrificial 2-feet-length to account for fractures close to the top of rock. 

The estimated lateral load capacity for each caisson is 5 tons for the free head condition. This 

value should be verified in the field by lateral load tests.  

Pile Installation Issues 

Obstructions including timber, brick, boulders, and historical waterfront structures may be 

encountered during pile installation throughout the site. Spudding or predrilling during pile 

driving will likely be needed to bypass the obstructions. A higher than usual pile rejection rate 

may result. Alternatively, the driven piles can be replaced with caissons, which can typically 

penetrate obstructions. 
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Individual piles in a pile group should be installed in a sequence so the soil surrounding the piles 

is not densified to the extent that other piles in the group cannot be installed properly.  To 

satisfy this requirement, we recommend maintaining a minimum center-to-center spacing of 

2.5 times the pile diameter per the Building Code, and a pile-driving sequence that starts from 

the middle of the pile group and proceeds toward the edge. 

Pile driving may also cause previously installed piles to heave because of dilatency (volume 

expansion) of the dense granular soils. Thus, all piles must be surveyed immediately after 

installation, and all piles that have heaved more than ¼ inch must be retapped to the required 

level and resistance.  

Index Piles and Load Tests 

Compression 

We recommend installing a minimum of 20 index piles within the building footprint when pile-

driving begins. The index piles allow for determining pile lengths, confirming design loads, 

identifying unusual driving conditions, and identifying the need for spudding or predrilling to 

bypass obstructions. Dynamic pile-testing (Pile Driving Analyzer or PDA testing) should be 

performed while driving index piles to monitor driving-induced stresses in the piles and to 

confirm driven capacities. The pile-driving records and the PDA results will be used to select 

the piles to be load-tested. The index piles may be used as production piles, if properly 

installed.   

The use of driven piles as a foundation element will require static pile-load testing in 

accordance with the Building Code. The load tests should be performed before installing the 

production piles. The compression load test must be applied in seven increments to a proof 

load of twice the design load, and sustained for a period of not less than 12 hours.  The building 

footprint area of the site is about 92,900 square feet; therefore, five load tests would be 

required to satisfy Building Code requirements (Section 1808.4.1.1).  

Tension 

We recommend performing two uplift load tests on the driven piles. No load tests are required 

for the caissons.  The load-test procedures should be in accordance with ASTM D3689-90.  The 

proof load shall be 200 percent of the proposed design load. The load should be applied in 

seven increments, each loading for one hour. The proof load should be held for 12 hours.  The 

allowed butt movement over the last hour of sustained loading is 0.01 inches. 
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Lateral Capacity  

The Building Code allows a maximum lateral load of 1 ton per pile. For greater loads, the pile or 

caisson capacity must be demonstrated by lateral load tests. We recommend two lateral load 

test for each deep foundation element (4 lateral load test). The allowable lateral movement for 

the pile head is 3/8 inches at the design load, and 1 inch at twice the design load. The lateral 

load test should be performed in accordance with ASTM D3966-90 and the Building Code.  

Estimated Settlement 

We estimate the pile-cap settlements to be less than 0.5 inches plus the elastic shortening of 
the pile for end-bearing. Differential settlement between adjacent columns is estimated at      
0.5 inches or less for end-bearing piles and should be confirmed after the results of the pile 
load tests are available. The majority of the settlement is expected to occur during construction 
as the dead weight of the structure is applied.   

Permanent Tie-down Anchors  

If supplemental tension capacity is required at columns or between columns, we recommend 

permanent tie-down anchors.  Permanent tie-down anchors should consist of a steel casing 

advanced to the top of Class 1-c or better rock and a rock socket drilled into the rock.  The steel 

reinforcement should consist of double corrosion-protected Dywidag or SAS threaded bars 

meeting ASTM A-22 requirements. Bond lengths should be designed using an allowable 

peripheral shear of up to 100 psi along the grout-rock interface. The free stress (unbounded) 

length should be at least 15 feet long.  

The actual design capacity of the anchors should be evaluated once the building design loads 

are finalized. Ten percent of the tie-down anchors should be performance tested (creep) to 133 

percent of their design load. The remaining anchors should be proof-tested to 133 percent of 

their design load. Successfully tested anchors should be locked off at a load exceeding the sum 

of the design load, seating loss, and long-term losses.  

OTHER GEOTECHNICAL RECOMMENDATIONS 

The following section provides our recommendations geotechnical-related design parameters 

including permanent groundwater control; slab support; permanent below-grade walls; and 

utility support.  
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Permanent Groundwater Control 

Design Flood Elevation 

Executive Order No. 203, issued by Mayor Bloomberg, dated 31 January 2013, the minimum 

lowest floor elevation for Structural Occupancy Category II buildings - the design flood elevation 

(DFE) - is equal to the base flood elevation plus 1 foot.  For this site, the DFE is el 12 NAVD88. 

Flood-zone requirements pertaining to the building use, occupancy, finishes, location of 

mechanical and electrical utilities and related service equipment are covered in Appendix G 

(Flood-Resistant Construction; Building Code and ASCE 24 (Flood Resistant Design and 

Construction).  The project architect must confirm that the building design complies with these 

requirements. 

Flood-zone insurance premiums may govern the use of a higher slab elevation or more 

stringent flood-zone compliance than stated herein.  Flood-zone code compliance does not 

necessarily exempt flood-zone insurance premiums for the development. 

Our recommendations are based on the current Preliminary FIRM Map, dated 5 December 

2013, prepared by FEMA.  While the Building Code and insurance requirements can guide 

design, the final selection of a Design Flood Elevation is an ownership risk-management 

decision weighing additional capital costs and aesthetic impact against potential loses during a 

flood.     

Waterproofing 

To limit seepage and water-vapor infiltration (through the concrete, cold joints, shrinkage 

cracks, and utility penetrations), we recommend that the lower slab and the foundation walls be 

fully waterproofed to the DFE, el 12. In addition, any building section or component (openings, 

doors, etc.) constructed below the floodplain should be equipped with flood barriers to prevent 

water infiltration. 

We recommend using a membrane-type waterproofing, such as products by W.R. Grace, for 

below the cellar slab, pile caps and along the exterior of foundation walls to the design flood 

elevation. The foundation waterproofing should connect to the above grade waterproofing.  The 

use of bentonite waterproofing or negative-side crystalline waterproofing is not recommended.  

For horizontal applications, we recommend that the waterproofing membrane be installed on a 

2-inch concrete working surface (mud slab).  For vertical applications, the foundation walls 

should be protected with drainage panels. 
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Quality control is critical to a successful waterproofing project.  Careful installation, diligent 

protection, and close oversight are critical to produce a final product that limits the potential for 

seepage.  We recommend that warranties be obtained from the manufacturer and installer to 

cover materials and workmanship.  Only certified installers should be used to perform the work.  

Detailed inspections should be performed to document any damage resulting from the 

contractor’s activities and any repairs performed immediately.  A representative of the 

manufacturer should perform a final inspection of the waterproofing in coordination with the 

geotechnical engineer, and should approve all waterproofing work prior to concrete pours. 

Cellar Slab 

A slab-on-grade is not considered a feasible option for the cellar slab. The top of the lowest-

level cellar slab will be at about el 2.5 and will be constructed within variable soils including 

uncontrolled fill and a compressible clay layer. The cellar floor slab must be designed as a 

structural slab and must be designed to resist a hydrostatic uplift pressures resulting from the 

groundwater level at the DFE of el 12. 

Permanent Below-Grade Walls 

Permanent below-grade walls should be designed to resist static earth pressures, surcharge 

loads, and hydrostatic pressures.  The following scenarios should be considered: 1) sidewalk 

grades are above the DFE, and 2) sidewalk grades are below the DFE. Our recommended 

lateral earth-pressures diagrams are presented in Drawing Nos. 11A and 11B.   

Dynamic lateral loads need not be considered because the site is SDC C (Building Code Section 

1802.2).  

Utility Support  

Utilities constructed below the structural slab may be subjected to settlements caused by 

consolidation of the compressible and loose alluvial layers and inconsistent uncontrolled fill.  

Therefore, we recommend that the below-slab utilities be located in utility chases cast within 

the structural slab.  Where the utility pipes transition from the pile-supported building to on-

grade support, flexible connections should be used.   

SITE PREPARATION AND GENERAL CONSTRUCTION RECOMMENDATIONS 

The following sections present our recommendations related to earthwork; excavations; 

temporary below-grade walls; construction dewatering; special inspections; fill materials, 

placement, and compaction; and construction documents. 
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Excavation 

According to the schematic design, the top of the proposed cellar level will be at about el 2.5 

and the general subgrade excavation will be at about el 1.  Therefore, the cellar-level 

construction will require a general excavation of between about 10 and 16 feet below existing 

grades.  The excavation for the pile caps and the elevator pits will likely extend between 4.5 

and 13.5 feet deeper than the cellar-level depths, respectively.  

The foundation contractor must then take appropriate measures to stabilize the work area and 

prevent lateral movements of the adjacent areas during the foundation excavation.   

Additionally, the adjacent structures to the north and east must not be undermined by the 

proposed excavation.  Measures should be taken to prevent raveling of soil from around and 

beneath the adjacent structure foundation, and slab elements. 

Temporary Support of Excavation  

We have evaluated temporary excavation and support systems and our recommendations are 

provided below: 

Concrete Pier “Buttons” 

Temporary excavation support and earth retention would be necessary to provide lateral 

support for the soil and to prevent raveling of soil from beneath slab elements.  The may be 

true along property lines where: 

� Adjacent buildings are founded on pier or piles extending to bedrock, and 

� Sidewalks, roads, and utilities that required lateral support but no underpinning 

For these situations, we recommend that the soil be retained with a temporary excavation 

support system consisting of concrete pier “buttons” and timer lagging extending from the 

bottom of the adjacent grade or floor slab to the bottom of the excavation for the proposed 

building. External lateral support should be provided as necessary in the form of drilled tiebacks 

at each concrete pier.   

Sheet Piles 

An interlocking sheet pile system is a feasible option for the temporary retaining system.  The 

sheet pile would be beneficial since the excavation extends below the water table.  Sheet pile 

would serve as a cut off and significantly reduce temporary dewatering effort.   
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The contractor must evaluate that the entire temporary excavation system works; the 

temporary dewatering and the cost/risk factors associated with this system.   

Temporary Groundwater Control (During Construction) 

Based on the review of the proposed construction, temporary construction dewatering is 

anticipated to be limited to the pile caps and elevator pits.  Groundwater was measured 

between el 0.0 and 5.6.  Dewatering should be assumed for any excavations extending below 

the high groundwater table.  The Contractor’s dewatering system should be adequate for 

maintaining a “dry” subgrade during normal operating conditions.  

Dewatering within the site will require permits from the New York City Department of 

Environmental Protection (DEP).  Confirmation with the DEP should be done that the existing 

sewers around the site are of adequate size to handle the projected groundwater discharge 

volumes.   

Fill Materials, Placement, and Compaction 

Structural fill placed to establish the finished subgrade beneath pile caps and floor slabs or as 

backfill behind walls should consist of a granular material having no more than 10 percent fines 

passing the No. 200 sieve.  All fill materials should be free of trash, debris, roots, vegetation, 

peat, or other deleterious materials and should be approved by the Geotechnical Engineer prior 

to placement. Lean concrete or controlled low strength material (CLSM) may be substituted for 

structural fill.   

Where wet subgrades are present resulting from excavating below groundwater, we 

recommend that initial placement fill consist of free draining gravel or crushed stone in an effort 

to stabilize the subgrade.   Free draining gravel or crushed stone should conform to the 

requirements of New York State Department of Transportation Item 605.0901, Underdrain 

Filter Type I or AASHTO No 57 stone. 

Fill should be placed in uniform loose lifts not exceeding 8-inches in open areas and 4-inches in 

confined areas.  All fill should be compacted to at least 92% of its maximum dry density as 

determined by ASTM D1557.  Compaction within 5-ft of foundation walls should be performed 

using hand operated equipment.  The water content at the time of compaction should be within 

a two percent of the optimum value determined by ASTM D 1557. 
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Fill should not be placed on subgrades not inspected and approved by the Geotechnical 

Engineer.  All imported fill must meet standards by the Office of Environmental Remediation 

(OER) and the approved Remedial Action Work Plan (RAWP) requirements. 

Preconstruction Conditions Documentation and Monitoring 

Preconstruction-conditions documentation of the neighboring buildings should be performed. 

The documentation would provide the owner with documentation of the existing conditions as 

a baseline in the event of a future damage claim. On the basis of this documentation, an 

observational and instrumentation program should be designed for monitoring the performance 

of adjacent structures and evaluating construction procedures.  

During excavation-support construction and active pile installation, an optical-survey program 

should be implemented to monitor for vertical and horizontal movements of surrounding 

structures and the excavation-support system. The survey should be performed every other 

week, with measurements taken to the nearest 0.005 feet. The survey should be performed by 

a licensed surveyor. The recommended allowable lateral movement of the perimeter walls is   

3/4 inches, and the allowable ground settlement behind the wall is 3/4 inches. Work should be 

temporarily stopped if movements (vertical or horizontal) exceed about 1/4 inches over two 

readings or a movement trend develops over several readings. Criteria for allowable 

movements of structures should be finalized after a building’s preconstruction conditions 

documentation is completed. The status of the excavation support system should be reviewed 

when the vertical or lateral movements reach one-half the threshold limits. 

SERVICES DURING DESIGN, CONSTRUCTION DOCUMENTS, AND 

CONSTRUCTION QUALITY ASSURANCE 

During final design we should consult with the design team as geotechnical questions arise. 

Technical specifications and design drawings should incorporate Langan’s recommendations.  

Langan will assist the design team in preparing specification sections related to geotechnical 

issues such as earthwork, ground improvement, foundations, backfill and excavation support.  

Langan should also review the project plans, as well as contractor submissions relating to 

materials and construction procedures for geotechnical work, to confirm the designs 

incorporate the intent of our recommendations. 

Langan has investigated and interpreted the site subsurface conditions and developed the 

foundation design recommendations contained herein, and is, therefore, best suited to perform 

quality-assurance observation and testing of geotechnical-related work during construction.  
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The work requiring quality assurance confirmation or special inspections per the Building Code 

includes, but is not limited to, earthwork, backfill, ground improvement, foundations, and 

excavation support.   

Recognizing that construction observation is the final stage of geotechnical design, quality-

assurance observation during construction by Langan is necessary to confirm the design 

assumptions and design elements, to maintain our continuity of responsibility on this project 

and allow us to make changes to our recommendations, as necessary.  The foundation system 

and general geotechnical construction methods recommended herein are predicated upon 

Langan assisting with the final design and providing construction observation services for the 

owner.  If Langan is not retained for these services, we cannot assume the role of geotechnical 

engineer of record, and the entity providing the final design and construction observation 

services must serve as the engineer of record 

OWNER AND CONTRACTOR RESPONSIBILITIES  

The contractor is responsible for construction quality control, which includes satisfactorily 

constructing the foundation system and any associated temporary works to achieve the design 

intent while not adversely impacting or causing loss of support to neighboring property, 

structures, utilities, roadways, etc.  Construction activities that can alter the existing ground 

conditions such as excavation, fill placement, foundation construction, ground improvement, 

pile driving and drilling, dewatering, and other activities can also induce stresses, vibrations, and 

movements in nearby structures and utilities, and can disturb occupants.  Contractors are solely 

responsible for ensuring that their activities will not adversely affect the structures and utilities 

and will not disturb occupants. Contractors must also take all necessary measures to protect 

the existing structures, utilities, during construction.  By using this report, the owner agrees 

that Langan will not be held responsible for any damage to adjacent structures, utilities, etc. 

The preparation and use of this report is based on the condition that the project construction 

contract between the owner and their contractors will include (1) Langan being added to the 

Project Wrap and Contractor’s General Liability insurance as an additional insured, and (2) 

language specifically stating the foundation contractor will defend, indemnify, and hold 

harmless the owner and Langan against all claims related to disturbance or damage to adjacent 

structures, utilities, etc or properties. 
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LIMITATIONS 

The conclusions and recommendations provided in this report result from our interpretation of 

the geotechnical conditions existing at the site inferred from a limited number of borings, scpt 

tests, and other explorations, as well as architectural and structural information provided by 

GHWA, and WSP. Actual subsurface conditions may vary. Recommendations provided are 

dependent upon one another and no recommendation should be followed independent of the 

others. 

Any proposed changes in structures or their locations should be brought to Langan’s attention 

as soon as possible so that we can determine whether such changes affect our 

recommendations.  Information on subsurface strata and groundwater levels shown on the logs 

represent conditions encountered only at the locations indicated and at the time of 

investigation.  If different conditions are encountered during construction, they should 

immediately be brought to Langan’s attention for evaluation, as they may affect our 

recommendations. 

This report has been prepared to assist the owner, architect, and structural engineer in the 

design process and is only applicable to the design of the specific project identified.  The 

information in this report cannot be utilized or depended on by engineers or contractors who 

are involved in evaluations or designs of facilities (including underpinning, grouting, stabilization, 

etc.) on adjacent properties which are beyond the limits of that which is the specific subject of 

this report. 

Environmental issues (such as obtaining or satisfying permits, or potentially contaminated soil 

and groundwater) are outside the scope of this study and are addressed in a separate 

evaluation. 
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