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1.	EXECUTIVE SUMMARY
The purpose of this report is to develop an understanding of the existing structural system of the Second & State Building, a five-story office building located in downtown Harrisburg, Pennsylvania.
The structural system consists of a traditional steel superstructure with concrete caissons transferring building loads to bedrock. Floor and roof gravity loads are supported by a concrete slab on composite steel deck, resting on wide-flange beams and girders and transferred to the foundation by wide-flange columns. Lateral resistance is provided by a combination of perimeter moment connections and concentrically braced frames, with loads being collected and transferred via the floor diaphragm. 
The Second & State Building was designed under the 2009 version of the Pennsylvania Uniform Construction Code (PUCC 2009), which adopts the 2009 International Building Code (IBC 2009), and, by reference, ASCE 7-05 for design loads, AISC 350-05 for steel design, and ACI 318-08 for concrete design.
Reduced plans for a typical floor, roof, mechanical penthouse, and typical braced frames are included in the appendix.


2.	BUILDING INTRODUCTION
Constructed in 2012 and located one block from the State Capitol Complex, the Second & State Building is a five-story, steel frame structure housing retail on the ground level with four stories of office space above, for a total leasable area of approximately 56,000 square feet.
The Second & State Building was developed and is owned by WCI Partners of Harrisburg, PA. Architectural design services were provided by Bernardon Haber Holloway of Kennett Square, PA, with Baker, Ingram & Associates of Lancaster, PA completing structural design work. Warfel Construction of East Petersburg, PA provided construction management and served as the general contractor for the project.
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FIGURE 1 SATELLITE IMAGE OF BUILDING SITE (RETREIVED FROM GOOGLE MAPS 11 SEP 2013)
[image: ][image: ]
FIGURE 2 STATE STREET (WEST) FAÇADE	FIGURE 3 SECOND STREET (SOUTH) FAÇADE
[image: ][image: ]
FIGURE 4 SECOND STREET (SOUTH) AND EAST FAÇADES	FIGURE 5 NORTH FAÇADE
3.	STRUCTURAL SYSTEM COMPONENTS
3.1	Structural System Introduction
The structural system consists of a traditional steel superstructure with concrete caissons transferring building loads to bedrock. Floor and roof gravity loads are supported by a concrete slab on composite steel deck, resting on wide-flange beams and girders and transferred to the foundation by wide-flange columns. Lateral resistance is provided by a combination of perimeter moment connections and concentrically braced frames, with loads being collected and transferred via the floor diaphragm.
3.2 	Floor System
Above-grade levels use a composite floor system consisting of a concrete slab on composite steel deck to support design floor loads. 20-gage Vulcraft 1.5VLI Steel Floor Deck holds a 3.5” normal-weight concrete topping for a total slab depth of 5”. Shear studs are used to transfer flexure-induced shear from the slab to the beams and girders, with most beams having 20-24 studs and most girders having between 30-36 studs. 
The slab-deck system is supported by wide-flange beams. Typical beam spacing is 6’-0” on-center, although some areas are irregular, especially near the elevator core. Typical beam sizes are W21x44 and W18x40, with various sizes ranging from W12x14 to W18x35 framing irregular areas. Beam lengths range from 31’-4” to 38’-4”.
Beam loads are collected on wide-flange girders spanning between columns. Typical girder sizes range from W24x62 to W24 x 84. Girder lengths range from 21’-0” to 31’-0”.
The Second & State building has a 3200 SF rooftop mechanical penthouse. The penthouse floor deck is identical to that of the lower levels, with 20-gage Vulcraft 1.5VLI deck holding a 3.5” normal-weight concrete topping for a total slab depth of 5”. The penthouse (upper) roof and lower roof systems are identical, using 20-gage Vulcraft 1.5B Steel Roof Deck and concrete slab on framing that is nearly identical to that of the lower floors.
3.3	 Columns
Building loads are transferred to the foundation via wide-flange columns spaced at 21’0” to 38’0” and spliced at mid-level on the 4th floor. Typical column sizes are W12x120 and W12x152 where columns form part of moment frame, and W12x79 to W12x96 where full height braced frames exist (see “Lateral System” below). Loads are transferred to the foundation through 2.5” base plates with 4-6 anchor bolts each. Base plate dimensions vary with column dimensions to allow sufficient room around the column for the anchor bolts. The column bases do not appear to have been designed as fixed connections due to the lack of additional bracing and stiffeners that would be required to develop moment in the foundation. A typical column base is shown in plan and elevation in Figures 6 and 7.
[image: ][image: ]
FIGURE 6 TYPICAL COLUMN BASE (PLAN)	FIGURE 7 TYPICAL COLUMN BASE (ELEVATION)
3.4 	Lateral System
Lateral load resistance in both directions is provided by a combination of perimeter moment connections and single-story concentric braced frames. Moment connections are employed exclusively to accommodate window openings along the Second Street and State Street facades, as well as on the third, fourth, and fifth floors along the east side of the building. Where adjacent existing construction precludes windows, more cost-effective concentric braced frames are used. Figure 8 shows the location of the perimeter moment connections and braced frames.
[image: ]FIGURE 8 BRACED FRAMES (FULL HEIGHT, PARTIAL HEIGHT) AND MOMENT CONNECTIONS (ALL LEVELS, UPPER LEVELS)
3.5 	Foundation
Test borings located medium grey shale bedrock at depths ranging from 17’-6” to 22’-0” below grade. Building loads are transferred to this bedrock via 22 reinforced concrete caissons. The caissons are socketed 18” into the bedrock surface to provide side-shear bearing (up to 60 psi) and additional resistance to uplift (up to 20 psi), and to ensure the caissons are bearing on higher-quality rock that was not exposed to weathering in the distant past. 18” wide by 24” deep reinforced concrete grade beams run between perimeter caissons to transfer exterior wall loads. Interior ground level floor loads are transferred directly to the soil by a slab-on-grade.
In addition to providing structural bearing, the foundation caissons also house the refrigerant loops for a close-loop geothermal heating and cooling system. The tubing is located in the area outside of the spiral reinforcement cage to maximize thermal interface with the surrounding soil, and to minimize any impact on bearing capacity.


4.	DETAILED DESCRIPTION OF TYPICAL BAY FRAMING
Due to the slightly irregular shape of the Second & State Building, no two bays on any given floor are identical. However, most bays are similar in size (with the exception of the area around the elevator core), ranging from 25’ x 33’ to 30’ x 38’. In this section, the 30’ x 36’ bay highlighted in Figure 9 is described.
[image: ]
FIGURE 9 FRAMING PLAN HIGHLIGHTING LOCATION OF TYPICAL BAY


36”-wide sheets of 20-gage Vulcraft 1.5VLI composite floor deck are oriented in the north-south direction (parallel to column lines 2 and 3) and topped with 3.5” of normal-weight concrete for a total slab thickness of 5”.
[image: ]
FIGURE 10 SIMPLIFIED SKETCH SHOWING SECTION OF COMPOSITE DECK

One 34’-10.25” W24x84 edge beam (B1), four 35’-10.5” W21x44 interior beams (B2-B5), and one 35’-4.75” interior beam (B6) support the deck and slab as shown in Figure 11. Shear transfer between the concrete and beams needed to develop composite action is achieved using ¾”-diameter shear studs. Beams B1, B2-B5, and B6 have 16, 22, and 24 studs, respectively, spaced evenly along the length of each beam.
[image: ]
FIGURE 11 SIMPLIFIED SKETCH SHOWING TYPICAL BAY FRAMING
Edge beam B1 is connected to columns C2 and C3 with moment connections at both ends. The beam web is connected to the column flange (Figure 12) using L4x4x5/16 angles on each side, secured to the beam web and column flange with seven ¾” A325N bolts (21 bolts total). The top and bottom beam flanges are connected to the column flange (Figure 13) using 3/8” bent plates, secured to the beam flanges and column flange with six ¾” A325N bolts per leg.
[image: ]	[image: ]
FIGURE 12 END OF BEAM B1 (ELEVATION)	FIGURE 13 END OF BEAM B1 (PLAN)
Interior beams B2-B5 are connected to the girders labeled G2 and G3 with shear connections at both ends. The beam web (Figure 14) is connected to the girder web (Figure 15) using one L4x4x5/16 angle, secured to the beam web and girder web with five ¾” A325N bolts (10 bolts total).
[image: ]	[image: ]	
FIGURE 14 END OF BEAM B2 (TYPICAL)	FIGURE 15 WEB OF GIRDER G2 AND ANGLE (TYPICAL)
Interior beam B6 is connected to columns B2 and B3 with shear connections at both ends (Figures 16 and 17). As shown in Figure 11 above, column B2 is oriented for strong-axis bending in the north-south direction and column B3 is oriented for strong-axis bending in the east-west direction. As a result, beam B6 is connected to the web of column B2 and flange of column B3. The flange width of beam B6 (W21x44) is 6.5” while the clear distance between flanges of column B2 (W12x120) is 9.125”, meaning the beam B6 did not require modification to reach the column web. On both ends, the beam web is connected to the column using one Lx4x4x5/16 angle, secured to the beam web and column with five ¾” A325N bolts (10 bolts total).
[image: ]	[image: ]	
FIGURE 16 END OF BEAM B6 AT COLUMN B2	FIGURE 17 END OF BEAM B6 AT COLUMN B3
Girder G2 is connected to columns B2 and C2 with shear connections at both ends (Figures 18 and 19). Column B2 is oriented for strong-axis bending in the north-south direction and column C2 is oriented for strong-axis bending in the east-west direction. As a result, girder G2 is connected to the flange of column B2 and the web of column B3. The flange width of girder G2 (W24x84) is 9.2” and the clear distance between flanges of column B3 (W12x152) is 9.125”, resulting in the flanges of the girder being cut to 8” wide 6” in from the end. On both ends, the girder web is connected to the column using L4x4x5/16 angles on each side, secured to the girder web and column with seven ¾” A325N bolts (21 bolts total).
[image: ]	[image: ]
FIGURE 18 END OF GIRDER G2 AT COLUMN C2	FIGURE 19 END OF GIRDER G2 AT COLUMN B2
Girder G3 is connected to columns B3 and C3 with shear connections to the column webs at both ends (Figures 20 and 21). The flange width of girder G3 (W24x76) is 9” and the clear distance between flanges of columns B3 and C3 (W12x152) is 9.125”, resulting in the flanges of the girder being cut to 7.5” wide 6” in from each end. On both ends, the girder web is connected to the column web using L4x4x5/16 angles on each side, secured to the girder web and column web with seven ¾” A325N bolts at column C2 (21 bolts total) and five bolts at column B3 (15 bolts total).

[image: ]	[image: ]	
FIGURE 20 END OF GIRDER G3 AT COLUMN C3	FIGURE 21 END OF GIRDER G3 AT COLUMN B3



5.	DESIGN CODES
The City of Harrisburg enforces the Pennsylvania Uniform Construction Code (PUCC), the Commonwealth of Pennsylvania’s statewide building code. The PUCC is modeled on the work of the International Code Council (ICC) and is reviewed and updated triennially. The Second & State Building was approved in 2010 designed in 2011, with the 2009 revision of the PUCC in effect. Key model code components are:
2009 International Building Code (IBC 2009)
2009 International Fire Code (to the extent referenced in IBC 2009)
2009 International Electrical Code
2009 International Mechanical Code
By reference in IBC 2009, PUCC 2009 also incorporates:
Minimum Design Loads for Buildings and Other Structures (ASCE 7-05)
Building Code Requirements for Structural Concrete (ACI 318-08)
Building Code Requirements for Masonry Structures (ACI 530-08)
AISC Manual of Steel Construction (AISC 360-05)

6.	DESIGN LOADS
6.1	Gravity Loads
6.1.1	Dead Loads
Dead loads include the self-weight of the structural system and other permanent components of the building.
The steel framing self-weight can be determined directly based on the weight of the members, and is included in the analysis of each member in addition to any distributed or linear dead loads being supported. The floor dead load can be determined by adding the material weights of the composite deck and concrete topping, as well as uniform superimposed allowances for MEP systems, ceiling and flooring, and miscellaneous finishes. The roof dead load can be determined by adding the material weights of the roof deck, concrete topping, and roofing materials. The exterior wall dead load can be determined by adding the material weights of the brick veneer, insulation, steel framing, window framing and glazing, and lintels, as well as a uniform superimposed allowance for miscellaneous fixtures and weatherproofing.
6.1.2	Live Loads
Live loads are generally temporary in nature and are based on occupancy type.
Under IBC 2009, minimum floor and roof live loads are prescribed via ASCE 7-05, Minimum Design Loads for Buildings and Other Structures, Tables 4-1 and C4-1. Partitions, which can change configuration substantially between occupants, are also included as live loads.
6.1.3	Snow Loads
Snow loads are determined according to the procedures of Chapter 7 of ASCE 7-05. The Design Flat Roof Snow Load can be determined based on environmental and building-specific factors, and provides a uniform minimum snow load for design. The additional Snow Drift Surcharge accounts for the additional load associated with the accumulation of snow drifts, and can be determined based on the geometry of roof obstructions.
6.2	Lateral Loads
6.2.1	Wind Loads
Wind pressures and resulting loads are determined according to the procedures of Chapter 6 of ASCE 7-05.
6.2.2	Seismic Loads
Seismic story shear and resulting loads are determined according to the procedures of Chapters 11 and 12 of ASCE 7-05.


7.	CONCLUSION
This report introduced the Second & State Building, a five-story office building located in downtown Harrisburg, Pennsylvania. The structural system consists of a traditional steel superstructure with concrete caissons transferring building loads to bedrock. Floor and roof gravity loads are supported by a concrete slab on composite steel deck, resting on wide-flange beams and girders and transferred to the foundation by wide-flange columns. Lateral resistance is provided by a combination of perimeter moment connections and concentrically braced frames, with loads being collected and transferred via the floor diaphragm.
A typical bay was then investigated in greater detail, with descriptions of the composite deck system, supporting beams, girders, and columns, and their respective connections.
The Second & State Building was designed under the 2009 version of the Pennsylvania Uniform Construction Code (PUCC 2009), which adopts the 2009 International Building Code (IBC 2009), and, by reference, ASCE 7-05 for design loads, AISC 350-05 for steel design, and ACI 318-08 for concrete design.
[bookmark: _GoBack]Finally, design loads were identified, along with methods for quantifying these loads for a forthcoming report. Recreating the exact loads used in the original design could prove to be problematic, especially if conservative assumptions were made to provide flexibility in future occupancy types, or if certain sections were overdesigned to reduce the number of member sizes and increased efficiency in fabrication and erection. 
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