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INTRODUCTION 
 
This first technical report presents a detailed description and preliminary analysis of the existing 
structural system found within Memorial Sloan-Kettering Cancer Center.  Located in Somerset 
County, New Jersey, this four story health-care facility will open its doors in the summer of 2006 
to serve as one of the premiere cancer treatment centers in nation.  A combination of steel, 
concrete, and masonry, MSK is designed to hold 38 exam rooms, 27 offices, 23 chemotherapy 
bays, a Laboratory, Pharmacy, and radiotherapy treatment area.  From an exterior perspective, the 
building’s brick and stone façade accents the surrounding mountains.  Curved exterior walls with 
large windows allow for an interior layout filled with dynamic hallways, maximizing natural 
lighting, and scenic views.  Structural steel framing creates beam spans between 30’ and 45’ long, 
opening up spaces where needed.   
 
The structure below grade consists of foundation walls and columns exclusively made of 
reinforced concrete.  This concrete system ties into the steel framing at grade which continues 
throughout the rest of the building.  The floor systems consist of one-way slab on the first floor 
and slab on composite metal deck for the remaining four stories.  The building envelope is made 
up of a brick and glass curtain wall which is attached directly to the structural components of 
Memorial Sloan- Kettering.  Steel cross bracing frames are positioned in both directions to take 
lateral loads. 
 
This report will discuss and analyze the structural system of Memorial Sloan-Kettering through a 
combination of design analysis, required loading, and code criteria directly related to the 
structural design.  An in-depth description of the foundation, steel framing, lateral bracing, and all 
floor systems are provided.  To maximize clarification, a number of diagrams are referenced and 
can be found in Appendix E.  Design analysis of both wind and seismic loads on the building 
were calculated with consideration of all proper modifiers.  In addition, structural spot checks 
have been performed on random beams, girders, and columns.  Complete sets of wind and 
seismic load calculations can be found in Appendix D and handwritten calculations referring to 
the spot checks made in this report are in Appendix C.  Sketches of floor framing plans can be 
seen by referring to Appendix A.       
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CODES AND CODE REQUIREMENTS 
 
The following codes were used in the structural design of Memorial Sloan-Kettering: 
 
National Code:    International Building Code 2000 – New Jersey Edition                             
 
Design Codes: 

- American Society of Civil Engineers                    (ASCE 7) 
- American Concrete Institute                                 (ACI 318-02)    
- American Institute of Steel Construction              (AISC - 3rd Edition) 
- ASTM Standards – Properties of Building Materials 

 
 
LOADS AND CALCULATIONS 
 
Dead Loads:    
 
1st Floor:                                                                   2nd through 4th Floor: 
                 75 psf     concrete slab                                                               56 psf     concrete slab                                                  
                 15 psf     superimposed                                                               2 psf      metal deck 
                 45 psf     concrete beam                                                            15 psf      steel framing 
                 50 psf     concrete girder                                                           15 psf      superimposed 
                185 psf                                                                                       88 psf       
 
 
    Roof:                                                                      Live Loads: 
                 44 psf     concrete slab                                                  100 psf    (Table 4-1 ASCE 7-02) 
                  2  psf     metal deck 
                15  psf     steel framing 
                20  psf     MEP equipment 
                81 psf 
 
                  
    Snow: 
                   Ground Snow Load:   30 psf   
                Flat Roof Snow Load:   23 psf   
 
 
*** Please refer to Appendix D for all load calculations*** 
 
 
 
LATERAL LOADS  
 
Following the guidelines set by IBC 2000, the lateral loads for Memorial Sloan-Kettering have been 
computed by the methods provided in ASCE 7-02.  Wind forces were found using the Analytical Approach 
(Method 2) located in Chapter 6 of the design code.  Similarly, seismic forces were found using the 
Equivalent Lateral Force Method, which is given in Chapter 9.  Summarized results of both methods are 
provided below.  Please refer to Appendix D for the complete version.    
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Wind: Method 2 (ASCE 7-02) 
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Seismic: Equivalent Lateral Force Method (ASCE 7-02) 
 
 

 
 

 
 
 

 
DESCRIPTION OF STRUCTURAL SYSTEM 
 
Basement /Foundation 
 
The basement floor of Memorial Sloan-Kettering is located 360 ft. above sea-level on the east side of the 
building, and gradually rises to 362 ft. above sea level on the west side of the building.  The floor consists 
of 5” slab on grade concrete reinforced with 6x6-W4.0xW4.0 welded wire fabric.  All slab on grade 
concrete in MSK has a minimum compressive strength of 3000 psi.  The steel reinforcement for these slabs 
is to be ASTM A615 Grade 60.  All welded wire fabric shall be ASTM A185. During construction, this 
floor system is divided in sections and each section is poured modularly.  These pours are separated by 
construction/control joints. The welded wire fabric discontinues at each joint.    
 
Concrete columns provide the primary structural support below grade.  These columns are 2’ by 2’ in 
dimension and are typically spaced in 30’ x 30’ bays from center line to center line.  This spacing fluctuates 
for spans close to exterior foundation walls.  Each of these columns in has a typical vertical reinforcement 
of eight #8 bars and horizontal reinforcement of #4 ties spaced 12” on center (See diagram X-3 in 
Appendix).  Each column rests on a 6’ by 6’ footing which typically descends four feet below grade.  These 
footings are reinforced with twelve #6 bars spanning in both directions.  All footings have a compressive 
strength of 4000 psi and are reinforced with A615, Grade 60 steel. 
 
The exterior foundation walls of MSK are comprised of 1’4” thick, reinforced concrete and have a 
compressive strength of 4000 psi.  These walls contain 2’ wide concrete pilasters, typically spaced 30’ on 
center, these extend 1’ beyond the face of the foundation wall into the interior space.  The footings that 
support the foundation walls are 3’-2” wide, extending 10” beyond the wall on each side.  The concrete 
pilasters footings are similar to those supporting the columns, dimensioned at 6’ by 6’.  All foundation wall 
footings descend three beneath the basement’s concrete slab on grade.  The footings located on the northern 
side of Memorial Sloan-Kettering bear on undisturbed decomposed rock having a minimum allowable 
bearing pressure of 10 KSF. The footings located on the southern side of the building are to bear on 
undisturbed competent rock having a minimum allowable bearing pressure of 20 KSF. 
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Memorial Sloan-Kettering’s front entrance, located on the building’s west side, is covered by a cantilevered 
canopy. Because of this, the canopy piers descend along the exterior side of the foundation walls to exactly 
the same depth.  Each canopy pier is 1’-2” wide by 7’-3” long with footings extending 6” beyond on each 
side. 
 
One noticeable feature pertaining to the basement’s structural system is where building ends above grade 
on the north side.  In this area, two concrete columns are placed side by side.  Because of this, instead of 
individual footings per column, there is one large footing approximately 8’ wide by 63’ long.  This footing 
descends almost 6’ below grade and has seven concrete columns and two shear walls tying into it. 
 
 
One-Way Slab System 
 
The first floor of Memorial Sloan-Kettering Cancer Center is constructed as a one-way concrete slab 
system that is structurally supported by the foundation walls and concrete columns below.  The 6” concrete 
slab lies on top of concrete beams spanning in the E – W direction and concrete girders spanning in the N – 
S direction.   
 
The concrete beams have a typical tributary width of 10’ and span 30’ between girders. These girders also 
span 30’ from column to column. A typical concrete beam size is 18” wide by 24” deep and is reinforced 
by four #8 bars on top and four #7 bars on the bottom.  These bars are held together horizontally with #4 
ties spaced 12” on center and contain #4 stirrups spaced 9” on center.  
 
A typical concrete girder size is 24” wide by 30” deep and has top reinforcement of eight #9 bars and 
bottom reinforcement of six #8 bars.  This reinforcement is held together horizontally with #4 ties spaced 
12” on center and contain #4 stirrups spaced 6” on center. 
 
 
Slab on Deck Floor System 
 
The second, third, and fourth floors of Memorial Sloan-Kettering all share the same composite floor 
system.  This system consists of 4 ½” normal weight concrete slab poured on 2” 20-gauge galvanized metal 
decking.  The concrete slab is reinforced with 6x6-W2.9 x W2.9 welded wire fabric.  The metal floor deck 
spans in the E – W direction and must be continuous over a minimum of two or more spans.  In the event 
where spanning less then that distance is unavoidable, the floor must be shored at midspan until the 
concrete slab is fully cured.   
 
The metal deck connects into the wide flange steel beams through equally spaced ¾” diameter by 4” long 
headed shear studs welded into the center of the flange. The roof of this building is made of 3 1/2” thick 
normal weight concrete slab on 2” 20-gauge galvanized composite metal decking and follows the same 
composite criteria as the floor below. 
 
 
Structural Framing 
 
The structural steel skeleton in MSK begins at the first floor level and continues for the remainder of the 
building.  Because each steel column sits directly on top of a concrete column, the typical bay size remains 
at 30’x 30’ throughout the first floor. However, beginning on the second floor, a number of columns near 
the south end of the building are removed in order to create more of an open floor plan.  This causes some 
bays to span 30’ x 45’ in the upper level floors. A number of bays are also reduced in size near the exterior 
walls of the building due to Memorial Sloan Kettering’s curved exterior façade. The structural steel grade 
for all framing members is ASTM A992 Grade 50. 
 
The steel columns vary in size throughout the building according to their location and purpose. These 
columns remain constant in size between the first floor and fourth floor.  Typical exterior columns vary 
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anywhere from a W12 x 53 found on the west elevation of the building to a W12 x 106 found on the 
northeast corner.  The steel columns which support the cantilevered canopy are W10 x 33’s and only span 
one story. As the columns get closer to the building’s central axis, they are required to support tributary 
area and thus are larger is size.  A typical interior column ranges between W12 x 87 and W12 x 96. 
 
These steel columns connect into the concrete columns below through ASTM A572, Grade 50 steel base 
plates.  A typical base plate used for these connections is 18”x 18” and 1-½” thick. These plates are kept in 
place by four ¾” A449 anchor bolts embedded 2’ into the concrete column (See diagram X-4 in Appendix 
E) 
 
The second, third, and fourth floors of MSK make use of steel beams and girders to support their floor 
systems.  The second floor is the last floor to maintain the typical bays sizes and because of this, has the 
most consistent steel sizes throughout the floor.  A typical interior beam is a W16 x 26 while a typical 
interior girder is a W24 x 96.  For smaller bays near the exterior walls, beam sizes fall to a W12 x 16.  The 
exterior girder sizes do not show much consistency, ranging anywhere from a W18 x 35 to a W30 x 108.  
The third floor and fourth floor both have the same layout.  Where the interior spans continue from the 
second floor, the structural design is maintained with W16 x 26 beams connecting into W24 x 96 girders.   
For those spans which became 30’ x 45’, the beams become W24 x 62 and girders become W30 x 90. 
The roof of the building follows the same framing as the fourth floor, only with slighting smaller beams 
and girders that support the 30’ x 45’ bays.  
 
 
Lateral System 
 
The lateral system designed for Memorial Sloan-Kettering Cancer Center consists of shear walls in the 
basement floor which tie into steel cross-bracing for all levels above grade.  Shear walls are located on the 
north and south sides of Memorial Sloan-Kettering surrounding the basement’s concrete stairwells and 
framing into supporting columns.  These 12” thick shear walls span in both the N-S and E-W directions and 
are approximately 14’ long.  Another four shear walls are located at the center of the basement floor plan. 
Two of these walls span in the N-S direction and two span in the E-W direction. Again, all four walls 
remain constant at 14’ long.  Each shear wall is reinforced vertically with #5 bars at 12” on center for both 
faces of the wall.  These two faces are tied together with #4 ties spaced 12” on center.  Similarly, the 
horizontal reinforcement on each wall face is made up of #5 bars at 12” on center (See diagram X-1 in 
Appendix E).  The columns supporting these shear walls have sixteen #9 bars of vertical reinforcement, 
about twice as much as that found in a typical column. 
 
Once above grade, the lateral system changes from concrete shear walls to steel cross-bracing.   This cross 
bracing consists of two HSS 6 x 6 x ½’s which are connected together at mid span by a ¾” gusset plate.  
Each brace spans approximately at a 45 degree angle for one story, where it connects into the structural 
columns running vertically on both sides of the lateral system. 
 
 
Linear Accelerator 
 
The section of MSK which contains the linear accelerators follows a very unique design.  A linear 
accelerator is a device used to destroy cancer cells by delivering a uniform dose of high-energy radiation to 
the patient.  Because of the dangerous side effects that could result if these x-rays were to penetrate the 
exterior walls, this area of the building must be impenetrable.   
 
The reinforced concrete walls surrounding these machines are between 4’ and 8’ thick, ensuring that even a 
slight crack will not allow the radiation to escape.  Each wall is reinforced with ASTM A615 Grade 60 
steel.  A typical design is #7 bars spaced 8” apart for each face for horizontal reinforcement, and #7 bars 
space 12” apart on each face for vertical reinforcement (See Diagram X-2 in Appendix E).  Also, the 
vertical reinforcement in the wall must extend to within 3” from the top of roof slab. To make certain that 
no horizontal or vertical joints exist in this area, all exterior and interior walls must be place in one 
continuous, monolithic pour. 
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The roof slab above the linear accelerators is also 4’ thick, but is placed in two separate concrete pours 
instead of one.   The first two pour add two feet of concrete to the roof slab, and in between pours the slab 
must be roughened as deep as ½” to create a proper bond between the top and bottom slabs.   
Reinforcement for the roof slab is #7 bars spaced 12” on center for both the top and bottom faces.  Also, the 
shoring for the roof must be kept in place until both concrete slabs reach the compressive strength of 4000 
psi.   
 
 
STRUCTURAL ANALYSIS 
 
Structural spot checks were performed on random beams, girders, and columns in order to determine how 
accurate the design assumptions used to develop the loads for this building were.  The results from each 
spot check could then be compared to the existing structural design to evaluate the effectiveness of those 
vales.  Overall, the member sizes designed with the design assumptions came relatively close to that in the 
building.  This reveals that the assumptions made in this report which deal with the structural analysis of 
Memorial Sloan-Kettering must be somewhat close to the actual design values.  
 
First Floor System 
 
Both a beam and girder were checked in this system and compared with the actual beam and girder 
characteristics.  A factored load of 1.2D + 1.6L was applied to the deal and live load, respectively.  The 
maximum positive and negative moments for this span were taken from ACI 318 with the assumption that 
the beam is on two interior supports.  After calculating for the beam, it was apparent that actual beam was 
stronger then necessary.  The same held true when computing the girder for this typical interior bay.  
Because both the beam and girder were slightly larger then necessary, it is possible that a small amount of 
dead load was neglected. 
 
Remaining Floors 
 
Another spot check was done on a beam and girder designed to support the slab on metal deck.  Because 
this floor is a composite system, shear also had to be checked to see whether or not the member would 
receive the full moment.  With the assistance of Table 5-14 in the LRFD Manual, it was determined that 
these beams were calculated with the same assumptions as those used in this report.   
 
Column: 
 
A random interior column was chosen from the second floor.  Gravity 
loads were calculated for all the floors above and collected down to the 
second floor column.  A live load reduction factor was computed and 
applied for this check.  After going into the LRFD, a 12x65 was chosen 
as a suitable column size.  The actual column designed for is a W21x94, 
but there could also be number of factors that were never taking into 
consideration. 
   
 
Lateral Bracing Check: 

 
The lateral bracing system was also chosen to perform a spot check with.  
After calculating the lateral loads and determining the total base shears 
for both wind and seismic, it was apparent that seismic loads created a 
larger base shear in my building with 328 kips.  The lateral bracing was 
checked between the ground and second floor to determine whether or 
not it was large enough to withstand that shear force.  A HSS 6x6x3/8 
proved to work.  The lateral bracing design specifies HSS 6x6x1/2” so 
this calculation was very close. 
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APPENDIX A: Typical Floor Plan 
 

 
 
 

FIRST FLOOR FRAMING PLAN 
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APPENDIX B: Load Calculations 
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APPENDIX C: Gravity Load Checks 
 
First Floor Check: 
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Slab on Deck Check: 
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Column Check: 
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Lateral Bracing Check: 
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APPENDIX D: Lateral Load Check 
 
Wind: 
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Seismic: 
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APPENDIX E: 
 
 

 
 

(X-1)     SHEAR WALL SECTION 
 

 
(X-2)    LINEAR ACCELERATOR SECTION 

 

 
(X-3) COLUMN REINFORCEMENT 
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(X-4) COLUMN CONNECTIONS 


