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 Executive Summary: 

This Final Thesis Report is the culmination of a yearlong study of the MICA Gateway Residence.  The 
Gateway is a residence hall at the Maryland Institute College of Arts designed to be a cornerstone of 
their campus in downtown Baltimore, Maryland.  Gateway is 122’ tall, with 9 stories and a mechanical 
penthouse and has a useable floor area of 108,000 square feet.  The Gateway is primarily circular in 
plan with a rectangular tower on the side that faces a highway.  The circle, or drum component of the 
building encloses an open-air courtyard that actually begins on the third floor of the structure.  This 
plaza is located directly above a large “black-box” multipurpose room capable of multiple arrange-
ments to fit a variety of functions.  Beyond the multipurpose assembly room, Gateway features 64 stu-
dent apartments, several art galleries and studios, and a café.  The Gateway was designed by RTKL 
Associates and KCW Engineering Technologies and was built by Whiting Turner. 

 

The proposal for this thesis was an investigation of the necessary structural design changes required to 
design the Gateway as a museum rather than as a residence hall.  The live loads for a museum are con-
siderably higher than those for a residence hall.  This fact led to changes in the gravity system of the 
structure, specifically an increase in strength of the concrete floor slabs.  The increased live and dead 
loads, along with architectural changes that increase the floor-to-floor height of the structure, necessi-
tate new designs for the columns, including new sizes, reinforcement, and slenderness checks. 

 

Changes to the gravity system and the overall number of floors required an in-depth look at the Gate-
way lateral system.  Under the new loading conditions and gravity structure it was important to check 
if the shear walls could resist the new lateral loads and to redesign them if they could not.  Changes in 
the overall superstructure of the building also required that the foundation of the building be assessed 
to handle the new loading conditions. 

 

In addition to the structural depth of this thesis, two breadth topics were also studied.  An architectural 
breadth was chosen due to the many changes required to make the Gateway adequate for a museum.  
Changes to the floor plan, circulation of people, elevations, and façade were all analyzed.  Sustainabil-
ity was chosen as the second breadth due to the Gateway’s lack of sustainable features.  A green roof 
was designed for the building as an additional architectural component as well as a sustainable measure 
to reach LEED certification.  Several LEED credits were also deemed feasible to achieve in the Gate-
way, thus accumulating enough credits for the building to become LEED certified.  
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 Building Introduction: 

The Gateway residence hall at the Maryland Institute 
College of Arts was designed to be a cornerstone of 
their campus in downtown Baltimore, Maryland.  
Gateway is 122’ tall, with 9 stories and a mechanical 
penthouse and has a useable floor area of 108,000 
square feet.  The building is located on a constricted 
site near the intersection of several major roads and 
Interstate 83.  Due to its visibility from all directions, 
the building has a full 360 degree façade.  Gateway is 
primarily circular in plan with a rectangular tower on 
the side that faces the highway.  The circle, or drum 
component of the building encloses an open-air 
courtyard that actually begins on the third floor of the 
structure.  This plaza is located directly above a large 
“black-box” multipurpose room capable of multiple 
arrangements to fit a variety of functions.  This 
unique condition was explored in Technical Re-
port I.  Beyond the multipurpose assembly 
room, Gateway features 64 student apartments,              
several art galleries and studios, and a café. 

 

RTKL Associates Inc. were the architects and engineers on the project, with KCW Engineering Tech-
nologies as the civil engineer, and Whiting Turner as the general contractor.  The project was delivered 
with the design-bid-build method for an approximate cost of $30 million.  The initial design began in 
2005, with construction starting in August 2006 and concluding in August 2008.  The building was de-
signed using the Baltimore City Code, which at the time was in accordance with IBC 2000.  Due to its 
various functions, the building has the occupancy types R-2, A-3, and B. 

 

The building structure is primarily concrete, consisting of two-way flat plate slabs, beams, and col-
umns.  There are a few steel framed sections of the building, including the entrance vestibule and lob-
by.  Being a prominent building, Gateway has a full 360 degree façade made almost entirely of glass 
curtain wall panels.  The façade has clear, fritted, and frosted glass panels of white, gray, and mint 
green.  Besides the glass curtain wall the superstructure is exposed in a number of places, such as the 
vertical cuts through the building and the 40’ columns holding up a section of the fourth floor.  The 
edge of each concrete floor slab is also exposed. 

N 

Figure 1: Gateway location in Baltimore.  
Courtesy of Google 
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 Structural Overview: 

The Mica Gateway Residence is a predominately concrete structure with some steel members in certain 
places.  Due to the unique circular shape of the building, the designers developed a radial grid with col-
umns located by their X and Y coordinates in the four quadrants of the Cartesian coordinate system.  
The zero-zero point of the grid is located in the exact center of the courtyard.  Thus a column located in 
the lower left of the plan will have a negative X and Y coordinate while a column in the upper right 
will have a positive X and Y coordinate.  This was done to avoid an unreasonable amount of column 
lines clustered together at odd intervals. 

 

Foundation: 

The geotechnical report was prepared by D.W. Kozera, Inc.  They submitted the geotechnical report on 
February 23, 2005.  In their report they found that the site had very dense soil and soft rock, earning a 
site soil classification of C. 

 

The foundation of the MICA Gateway features drilled caissons that bear directly on bedrock and have 
a safe bearing capacity of 10 ksf.  All columns that start at ground level start at the top of a drilled cais-
son.   Caissons are also located directly under the shear walls and the walls that support the load from 
the long span beams over the “black box” theater.  All caissons are between 3’-0” and 4’-6” in diame-
ter. 

 

Where exterior walls meet the foundation, strip footings are incorporated and are a minimum of 30” 
below the finished grade.  For the steel framed entrance vestibule and lobby, steel columns are support-
ed by spread footings with a minimum safe bearing capacity of 1.5 ksf. 

 

Gravity System: 

The gravity load system for the Gateway features numerous two-way flat plate slabs as well as several 
one-way slabs and two-way slabs with drop panels.  Below Level 4, there are several one way slabs of 
7” thickness that span the areas below the courtyard.  They work in conjunction with concrete beams 
that span very irregular areas.  On Level 3, the courtyard spans over the “black-box” theater, to give a 
column free space for intended use.  As such, 48”x48” beams were designed to span over the almost 
60’ of the theater and accommodate the large dead and live loads from the plaza and planters in the 
courtyard above.  These beams have (16)#10 bottom reinforcing bars to resist the large moments pro-
duced by the load. 
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On Level 4 there is an area featuring one-way slabs and beams.  This area is supported by large exteri-
or columns that rise nearly 40’ from grade to the bottom of the slab.  Here a transfer beam runs be-
tween columns so as to support new columns that rise to support the upper floors.  Beams are also used 
extensively to support the exterior walkways that connect the various parts of the drum. 

 

The rest of Level 4 and all floors above have 8” 
two-way flat plate slabs between radial column 
lines as shown in Figure 2 to the right.  The dotted 
lines represent the boundaries between the column 
and middle strips.  

 

Other unique floor framing conditions include a 
section of the slab on each floor that frames into a 
column with a drop panel.  This area is located in 
the northeast quadrant of the plans centered 
around column 7.  The only uses of steel framing 
in this building are over the entrance and lobby, 
using mainly W10x15, W10x12, and 
HSS8x3x3/16. 

 

The slabs and beams of the Gateway are all supported by concrete columns that form two concentric 
circular lines around the drum of the building.  In most interior areas and on the upper floors these col-
umns are rectangular, with sizes ranging from 12x12 to 24x24.  In other places where the columns are 
on the exterior of the building, such as the 40’ slender columns that support Level 4, the columns are 
circular with sizes ranging from 24” diameter to 36” diameter. 
 

The roof system of the Gateway is no different from a normal floor.  One-way slabs frame into beams 
that transfer load to the columns.  The main difference is the smaller slab thicknesses, between 6”-7” 
due to the smaller loads on the roof areas. 
 
The following pages detail the original dead, live, and snow loads used in the building design. 

Figure 2: Typical two-way flat plate slab. Courtesy of RTKL 
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Dead Loads: 

In the General Notes (S001) the designers provided a loading schedule of superimposed dead loads 
which varied by location.  That schedule lists each component of the dead load separately, but the fol-
lowing table lists only the total superimposed dead load for each building space.  Concrete slab, col-
umn, beam, etc. self weights are not included in this table. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Takes into account a 240 psf saturated soil load.  Only applies to structure supporting planters that 
are not above the multi-use performance space. 
┼ Takes into account a 240 psf saturated soil load and the multi-use performance space roof ceiling 
components (steel grid, lighting, etc.).  Only applies to structure supporting planters above the multi-
use performance space. 
╪ Takes into account pavers of the plaza not above the multi-use performance space. 
§ Takes into account pavers of the plaza above the multi-use performance space. 

Area Dead Load (psf) 

Residences 9 

Circulation Ring 10 

Storage Rooms 9 

Roof 13 

Level 3 Planters 258* 

Planters on Multi Use Room Space Roof  283┼ 

Level 3 Plaza 38╪ 

Mechanical Rooms 9 

Multi Use Room Space Roof 67§ 

Offices 9 

Gallery Roof 17 

Level 2 Balcony 37 
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Live Loads: 

The Generals Notes also provided a table of live load values for the various areas of the building.  Par-
titions are included in the live load for the residence and office areas.  Oddly no live load was given for 
the floor of the multi-use performance room space on the loading schedule.  Therefore a 100 psf live 
load for dance halls and ballrooms will be assumed, as per IBC 2006. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Indicates that live load reduction was not allowed. 

 

Snow Load: 

Based on ASCE 7-05, which assumes a ground snow load of 25 psf, the roof snow load was calculated 
at 20 psf.  This was checked against ASCE 7-10 and no change in snow load requirements between the 
two codes was noted. 

Area Dead Load (psf) 

Residences 60 

Circulation Ring 100* 

Storage Rooms 125* 

Roof 30* 

Level 3 Planters 240 

Planters on Multi Use Room Space Roof  40 

Level 3 Plaza 100* 

Mechanical Rooms 150* 

Multi Use Room Space Roof 100* 

Offices 70 

Gallery Roof 30* 

Level 2 Balcony 100* 

Multi-Use Performance Space 100 (per IBC 2006) 
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Lateral Systems: 

The lateral system of the Gateway features two concrete shear wall groups located near the stair and 
elevator cores, one in the tower and the other in the drum.  Due to the low seismic risk of the region, it 
was assumed that the lateral system was ordinary concrete shear walls.  Each of the eight shear walls 
extend from the ground to the highest point in their respective part of the building; 122’ in the tower 
and 103’ in the drum.  The exception is shear wall 8 which goes up to Level 6.  The walls are all 12” 
thick and from 10’ to 25’ long.  The shear walls are highlighted in red in Figure 3 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The lateral load path is as follows: wind pressure bears on the building cladding, which is supported by 
the edge slab.  From here the slab transfers the load into shear walls either directly or through beams.  
The shear walls then direct the load into the foundation.  Shear walls prevent unwanted torsion and 
large displacements of the building from occurring in the event of an earthquake or a severe storm with 
high winds.  

Figure 3: Shear wall locations. Courtesy of RTKL. 
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Thesis Challenge:  
 
The Maryland Institute College of Arts is a prestigious visual art school known for innovative curricu-
lum and a well-equipped campus.  Though there are a number of art galleries located in many build-
ings on the campus, there is no one building dedicated as an art museum.  As such the MICA Gateway 
Residence will be designed as if it was an art museum.  Changing the building’s use creates a number 
of design challenges to be explored with the current structure. 
 
Currently the live load for the residence floors of the Gateway is 40 psf, which is too low for the circu-
lation space live load of a museum.  The floor to floor height of the structure is 10 feet between floors 
4-9, which would be too low a space for a museum gallery.  Also, the current all glass façade of the 
building would make it very difficult to control the amount of light entering the gallery spaces, an im-
portant factor in museum design. 
 
There are also a variety of architectural concerns that need to be addressed when changing the build-
ings use.  This aspect of the redesign will be covered in the Breadth Topic Section.  The current Gate-
way Residence was not designed with any regard to sustainability.  Lacking any sustainable measures 
is not only bad for the environment but also for MICA’s reputation and yearly expenses.  The sustaina-
ble problem will be covered more in depth in the Breadth Topic Section. 
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Proposed Solution: 
 

The entire Gateway structure above level 2 will be redesigned to accommodate a live load of 100psf, 
the live load for a circulation space in a museum.  The slabs will still be designed as flat plates but will 
likely experience changes in thickness and reinforcement.  As a museum is unlikely to have 10 foot 
floor to floor heights, the distance between the floors will be extended to 15 feet and floors 8, 9, and 10 
will be taken out of the building to maintain the same overall building height, as shown in Figure 4 be-
low.  The increased floor to floor height will necessitate a redesign of the gravity columns throughout 
the building. 

 

 

Changing the gravity system of the building will have direct impacts on the Gateway lateral system.  
Taking out several floors will decrease the overall building weight, but the increased floor to floor 
height will change the story shear at each level.  The building will need to be re-analyzed for wind and 
seismic forces and the lateral shear walls will likely need to be redesigned.  The foundations of the 
building will also need to be considered to see if any changes are necessary. 

 

Level 1 

Level 2 

Level 3 

Level 4 

Level 5 

Level 6 

Level 7 

Figure 4: New level locations imposed on a building elevation.  Courtesy of RTKL. 
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Solution Methods: 
 

The design of the gravity system will follow ACI 318-11, Chapter 13, using the equivalent frame 
method.  The equivalent frame method must be used due to the irregular geometry of the Gateway 
floor slabs.  Typical flat plate slabs, beams, and columns within the Gateway structure will be rede-
signed through hand calculations.  The foundations will also be checked by hand calculation to deter-
mine if any changes are necessary. 

 

New lateral loading based on new story forces will be determined similar to the procedure used in 
Technical Report 1.  ASCE 7-10 will be used to determine the new wind and seismic story forces.  An 
ETABS model will then be used to analyze the new structure.  This procedure will parallel Technical 
Report 3 and will check the drift, overturning moments, and torsion on the building.  The shear walls 
will also be spot checked by hand to determine their adequacy in the new structural system.   

 

 Design Codes: 

The MICA Gateway Museum will be designed in compliance with the following: 

 

♦  Baltimore City Code in accordance with IBC 2000 

♦  ASCE 7-10– Minimum Design Loads for Buildings and Other Structures 

♦  ACI 318-11– General Design of Reinforced Concrete 

♦  AISC 14th Edition– Specifications for Structural Steel Buildings 

♦  AWS D1.1– Structural Welding Code– Steel 

♦  ACI 530-05– masonry structures 
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 Building Materials: 

MICA Gateway was designed and constructed using the following materials as specified on the Gen-
eral Notes Sheet S001.  The new design will use the same materials:  

 

♦  3500 psi Concrete*– used in spread footings, drilled caissons, and slab on grade 

♦  4000 psi Concrete*– used in walls, piers, grade beams, columns, slabs, and beams 

♦  ASTM A615, Grade 60– deformed bars 

♦  ASTM A185– welded wire fabric 

♦  ASTM A992– W and WT shapes 

♦  ASTM A36– channels and angles 

♦  ASTM A500, Grade B– rectangular and square HSS, and round HSS 

♦  ASTM A53, Grade B– steel pipe 

♦  ASTM A36 2, Grade 50– steel plates 

♦  ASTM A325 or A490– high strength bolts 

♦  ASTM F1554, Grade 36– anchor bolts 

♦  ASTM A307– standard fasteners 

♦  ASTM A653, Quality SS, Grade 33– metal roof deck 

♦  ASTM C476– grout 

♦  ASTM C270, Type S– mortar 

♦  1500 psi Masonry– used in masonry walls 

 

 

 

 

*Normal weight concrete shall have a maximum dry unit weight of 150 pcf 
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Breadth Topics: 
 

An architectural breadth will be studied due to the changes in floor plan and floor to floor heights asso-
ciated with changing the building’s use.  All of the apartments in the building will be taken out and re-
placed with museum galleries.  The circulation of people through the museum will also be an important 
aspect of the architectural breadth.  The last part of this breadth will be a redesign of the building fa-
çade to more appropriately fit a museum.  The amount of glass will be diminished to limit the amount 
of direct sunlight penetrating the building into the museum spaces.  This will be done in an aesthetical-
ly pleasing way so as to maintain the architectural significance of the Gateway.  A Revit model will be 
created to accurately develop floor plans, elevations, and renderings of the new interior spaces and ex-
terior ascetics. 

 

A sustainability breadth will also be studied due to the lack of sustainable features on the existing 
building.  The United States Green Building Council’s LEED program will be the basis for the sustain-
ability breadth, with the goal of making the Gateway at least LEED Certified.  Based on the LEED 
scorecard, shown in Figure 5 on the following page, a total of 40 points are needed for LEED Certifi-
cation.  For this breadth the points will be drawn heavily from the Sustainable Sites, Water Efficiency, 
and Materials and Resources sections.  Due to time constraints the Indoor Environmental Quality and 
Energy and Atmosphere sections will be neglected, though in an actual building design they would be 
considered.  The end result of this breadth will include a detailed design of a green roof system as well 
as highlight other credits needed in order to gain LEED certification. 

 

MAE Requirements: 
 

Two MAE classes will be used to meet the requirements of the integrated degree.  The knowledge 
gained in AE 597A– Computer Modeling of Buildings will be incorporated into the thesis project with 
the construction and analysis of an ETABS model.  The knowledge from AE 597A will be essential in 
accurately building the model in ETABS and interpreting the results of the analysis.  AE 542– Building 
Enclosure Science and Design will also be incorporated into the redesign of the Gateway.  This course 
studies the design and analysis of building facades which will be relevant to both the architecture and 
sustainability breadths. 
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Figure 5: LEED Scorecard for new construction.  Courtesy of USGBC. 
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Structural Design: 
Gravity System Design: 
Flat Plate Slab Design: 

The new design for the MICA Gateway Museum must support live loads of 100 psf as per IBC 2006.  
The selection of this live load was based on the assumption that a museum is just a series of long corri-
dors that must support the weight of large crowds.  The weight of the art on display was also consid-
ered in choosing 100 psf.  Partition load was also included in the design to provide for the division of 
gallery space based on program needs.  The partition live load was kept at 20 psf as used in the original 
building design. 

        For the new slab design two-way flat plate 
 slabs will still be used because of the cost 
 and construction time savings in form
 work, and the maximum floor-to-floor 
 height.  Due to the irregular geometry of 
 the Gateway floor system, an equivalent 
 frame method will be employed to deter-
 mine slab reinforcement.  Three different 
 directions of the slab will be analyzed as 
 detailed in Figure 6.  Besides determining 
 rebar in the column and middle strips of 
 each line, punching shear and long term 
 deflections were also checked.  All calcu-
 lation were done by hand and can be found 
 in Appendix A.  The roof slab was rede-
 signed as a one-way slab with beams to 
 accommodate the new green roof.  That 
 design is discussed more in the Sustaina-

         bility breadth. 

 

Initially the slab was checked to see if the original slab thickness of 8” was adequate to support the in-
creased loading.  The analysis determined that the slab experienced excessive deflections under the 
new loading and the slab thickness was increased to 12.”  A slab thickness of 12” was deemed ade-
quate for each equivalent frame analysis.  For reinforcement, #6 bars were used at spacings of 6,” 12,” 
and 18” depending on the bending moments.  A #5@12” bottom mat was also used for shrinkage and 
temperature reinforcement.  The punching shear check also determined that #4@3” should be used 
around the columns.  Figure 7 on the following page details the new slab reinforcement design as com-
pared to the original slab reinforcement design in Figure 8. 

Figure 6: Lines of equivalent frame analysis. 

1 

3 

2 
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Figure 7: New Gateway slab reinforcement. 

Figure 8: Original Gateway reinforcement. Courtesy RTKL. 
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 The development lengths for the reinforcement in the slab will follow ACI 318-11 Figure 13.3.8 as 
 shown below in Figure 9.  All bottom bars will be continuous throughout the slab.  The top reinforce-
ment in the column strips will extend 6’ beyond the support in frame line 1, 5’ beyond in frame line 2, 
and 7’ beyond in frame line 3.  The bottom bars terminate at the edge of slab with 3” cover in a 90o 
hook with a length of 6.”  The top bars terminate at the edge of slab with 3” cover in a 90o hook with 
development length of  9.8.”  Development length calculations are found in Appendix A. 

 

 

The new design for the Gateway would have eliminated 2 levels from the building but would have in-
creased the amount of concrete used in each slab by 33%.  The resulting changes would have increased 
the amount of concrete used in the slab construction by 27% even though the overall floor area of the 
building decreases.  A quantity increase of this magnitude would have made the Gateway more expen-
sive to build as a museum than as a residence hall.  

Figure 9: Figure 13.3.8 detailing slab rebar development length. Courtesy ACI 318-11. 
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Column Design: 

Due to the increased live load and self weight of the slabs the gravity columns of the Gateway must be 
redesigned.  Column 16 was chosen for analysis with the higher loads.  Column 16 is significant due to 
its tall height between grade and Level 4.  In this area Column 16 is unbraced for 41.’  SpColumn was 
used to analyze the column in two separate parts.  The first part was the 41’ tall section from grade to 
Level 4 and the second part was the 15’ tall section between Level 4 and Level 5.  The loads were de-
termined by hand calculations and the moments were taken from the equivalent frame analysis for the 
slab. 

 

For the spColumn analysis, the original column diameter was increased from 36” to 42” as a trial size.  
Above Level 4 the size was increased from 24”x24” to 30”x30.”   The final design found that for the 
41’ tall section a 42” column with 11#10 bars was sufficient to support the gravity loads.  For the 15’ 
tall section a 30”x30” column with 8#10 bars was found to be sufficient.  The 30”x30” column size 
was continued for all floors above Level 4 to facilitate faster construction by reusing the same form-
work.  Figure’s 10 and 11 show the round, 41’ tall section and the square 15’ tall section reinforcement 
respectively. 

Figure 10: 42” column with (11)#10 Figure 11: 30”x30” column with (8)#10 
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Column 16 is typical of all the columns in the building with the exception of the 41’ tall section.  Eight 
other columns in the structure also have a slender 41’ tall section.  These columns were all changed 
from 36” diameter columns to 42” diameter columns.  The rebar was also changed from 11#9 bars to 
11#10 bars.  This change represents a 26% increase in concrete used and a 21% increase in steel used. 

 

The 15’ tall section of Column 16 is typical for all columns on every level of the structure.  All other 
columns were changed to the new design from 24”x24” to 30”x30” sections, representing a 36% in-
crease in concrete used.  The reinforcement used increased by 38% by changing from 8#8 bars to 8#10 
bars.  Based on these findings it can be assumed that the higher material quantities would have made 
the construction of the Gateway as a museum more expensive. 

 

After developing an interaction dia-
gram through spColumn the slen-
derness effects of the column was 
checked per ACI 318-11 section 
10.10.  The analysis found that for 
the 15’ tall sections slenderness ef-
fects could be neglected.  Slender-
ness effects could not be neglected 
for the 41’ tall section.  For this 
case it was determined that the col-
umn was nonsway.  The factored 
moment amplified for the effects of 
member curvature was found to be 
1193 ft-kip and the factored axial 
load was found to be 717 kip.  The 
resulting moment and axial load are 
plotted on the interaction diagram 
in Figure 12.  The point is located 
within the interaction curve and 
therefore the column is adequate to 
carry the loads. 

 Figure 12: 41’ tall column interaction diagram 
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Lateral System Design: 
 

An ETABS model was used to determine the adequacy of the Gateway’s lateral system under the new 
design considerations.  The new model included the increased floor to floor height between Level 4 
and the roof.  Two levels were eliminated in order to keep the Gateway at the same height as the origi-
nal design.  All slabs and columns were changed to the new sizes determined in the gravity analysis. 

 

For the analysis the shear walls were modeled as shell elements with a maximum mesh size of 24” 
while the floor slabs were not meshed so as to simplify the analysis.  Bending modifiers were applied 
to all members as well so as to account for concrete cracking.  Rigid diaphragms were modeled at each 
floor to determine the story drift of each level.  The shear walls were restrained with fixed connections 
at the base while all other members were pinned at the base to ensure that the shear walls took all of 
the lateral loads.  Figure 13 shows the finished ETABS model for the new Gateway design. 

Figure 13: Complete Gateway ETABS model 
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The analysis checked the Gateway under several load conditions as per ASCE 7-10.  Wind load cases 
were defined under Chapter 6, Method 2 of ASCE 7-10 and seismic load cases were determined from 
Chapter 11 and 12 of ASCE 7-10.  Appendix B includes the wind and seismic load calculations that 
were entered as user defined loads  and coefficients in ETABS. 

 

Two separate analysis were performed for the new design.  The first analysis found that the shear walls 
in the Y direction were unable to resist the moments created by seismic forces.  This led to shear walls 
2,3, and 4 being increased in length by 4 feet.  Figure 14 shows which shear walls were lengthened.  
The 4’ addition on the walls did not interfere with any architectural elements as the space behind the 
elevator core will now be used for museum administration and storage.  A second analysis was then 
performed to determine the new shear forces in each shear wall.  The increase in length of the walls 
allowed them to have an appropriate amount of reinforcement to withstand the overturning moments.  
Detailed calculations and shear wall tables are contained in Appendix B. 

 

 

 

 

 

 

 

 

 

 Figure 14: Location of modified shear walls 
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Based on the results of the ETABS analysis, the controlling load case was seismic in the Y or N-S di-
rection minus an eccentricity in the X or E-W direction.  The ETABS model for the new design calcu-
lated the story drift and displacement for each level.  Figure 15 details the center of mass displacement 
and the story drift at each level for the controlling load case.  The allowable drift limit comes from 
ASCE 7-10 and permits a story drift of 0.015 x story height.  The story drifts for the new design were 
well below the allowable drift limit. 

 

 

The overturning moment of the building as a result of the controlling load case is computed in Figure 
16. 

Figure 16: Overturning moment caused by seismic loading 

Figure 15: Center of mass displacement and story drift caused by seismic loading 
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Torsional effects on the lateral system of the building were also considered.  Torsional moment devel-
ops when there is an eccentricity between the center of mass of a diaphragm and the center of rigidity.  
This eccentricity applies an additional shear force on the lateral resisting elements on top of the direct 
shear into those elements.  Based on the seismic design requirements from ASCE 7-10, torsional irreg-
ularities apply to Seismic Design Category B as per Table 12.3-1.  That table details that any buildings 
that fall in SDC B with a torsional irregularity must be analyzed using a 3D representation.  This re-
quired analysis with ETABS and as such the torsional shear was distributed into each shear wall. 

 

The shear forces that were distributed to each shear wall necessitated a re-design of the reinforcement 
in each wall.  The reinforcement was redesign for the end zones to resist flexure as well as the vertical 
and horizontal shear reinforcement.  Shear walls 2,3,4,5,6, and 7 all feature a 36” end zone with (12)
#11’s and #4@18” in two layers for vertical shear reinforcement.  For horizontal shear reinforcement, 
#5@18” in two layers were used.  The rebar layout for the shear walls is detailed in Figure 16.  Shear 
walls 1 and 8 are built integrally with columns and thus use the column reinforcement as end zones.  
The reinforcement for those columns was calculated and can be viewed in Appendix C. 

 

Figure 18: New shear wall reinforcement detail 
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Foundation Design: 
 

The changes in the Gateway gravity system and lateral system necessitated a check of the foundation 
system.  The caissons under the shear walls were designed to resist the overturning moment of the 
building as determined through the ETABS analysis.  The CRSI 2008 handbook was used to size the 
caisson shaft and bell diameters to meet the load requirements.  Based on a 10ksf bearing strength, the 
bell diameter was found and that in turn was used to size the appropriate shaft diameter.  Once the 
shaft diameter was determined the chart shown in Figure 18 was used to determine the vertical rein-
forcement and ties within the caisson shaft.  Figure 19 shows the loads, shaft and bell size, and rein-
forcement of each caisson under the shear walls.  Calculations can be found in Appendix D. 

 

Figure 18: Reinforcement details of caissons. Courtesy CRSI 2008 Handbook. 

Figure 19: Caisson design for Gateway museum. 
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Conclusion: 
 

The structural depth proved that designing the Gateway as a museum would be significantly different 
from the current residence hall design.  The increase in slab depth and column diameters would have 
increased the overall cost of the structure.  The increase in floor to floor height would have also re-
quired a stronger lateral system to resist seismic forces.  Based on this analysis it is unlikely that con-
version from a residence to a museum would ever be possible due to the necessary structural strength-
ening.  Despite the differences in sizes and depths between the residence and the museum, the overall 
system types of the Gateway would be adequate for both uses.  This depth proved that two-way flat 
plate slabs, ordinary reinforced concrete shear walls, and drilled caissons would be appropriate in both 
building uses. 
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Architectural Breadth: 
 

Redesigning the Gateway from a residence hall into a museum required a number of significant archi-
tectural changes.  A Revit model was used to accurately model the new changes in the building struc-
ture and architecture.  Several important aspects of museum design that were considered include: 

• Large viewing spaces for art 

• Open gallery areas with the potential for segmentation 

• Circulation of people to avoid dead ends, turnarounds, missed exhibits, etc. 

• Control of exterior sunlight to permit appropriate viewing light 

• Rest areas 

 

Levels 3-7 would be repurposed as museum galleries while Levels 1 and 2 would remain the same.  
Spaces appropriate to the function of a museum such as the café, multipurpose room, offices, and me-
chanical spaces would remain the same in the new building.  In order to accommodate the large spaces 
for museum galleries, the interior partitions of the separate apartments were removed.  Removing all 
partitions created a single continuous gallery on every floor as shown in Figure 20 on the following 
page.  The space located behind the secondary stairs and elevator core would be repurposed as museum 
storage and maintenance areas. 

 

Circulation of people is also a very important aspect of museum design.  To go from floor to floor peo-
ple would primarily use the main stairs located near the main entrance.  This stair tower is adjacent to 
the outer curtain wall and would afford excellent views of the MICA campus and downtown Balti-
more.  Entering onto each gallery floor people would have the option of moving clockwise or counter-
clockwise along the circular gallery.  Restrooms and rest areas would be adjacent to the main stair tow-
er.  Following the gallery around the complete circle would lead back to the main stair tower thus en-
suring that a visitor would see all the art on the floor.  Halfway along the gallery the second stairs and 
elevators would be located to provide an alternate route of travel and handicap access to the gallery 
floors.  The red arrows on Figure 20 denote the circulation of people through the gallery. 

 

All gallery levels were also increased from 10’ floor-to-floor height to 15’ floor-to-floor height to pro-
vide a larger viewing area for the art.  Art would be displayed along the interior and exterior walls of 
the building.  The columns of the structure are actually set in from the building exterior and thus help 
to divide the galleries into a series of alcoves where a single piece of art can be viewed.  Figure 21 
shows a rendering of a typical gallery in the Gateway. 
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Figure 20: A typical floor plan for the Gateway Museum.  Red arrows show the circulation 
paths for visitors. 
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Figure 21: View of a typical gallery.  Columns divide the space into alcoves to view single 
pieces of art.  Notice also the limited amount of sunlight that enters the gallery due to the 

changes in façade glazing. 
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Changing the façade of the Gateway was another important architectural design issue.  In a museum 
for art it is necessary to control the amount of light in a space so as to provide optimal viewing condi-
tions.  The original design of the Gateway features an curtain wall façade made of several different 
types of glass and solid panels in a variety of patterns.  The amount of clear and translucent glass on 
the southern faces of the building allow too much sunlight into the building for art to be viewed 
properly.  To solve this problem all clear glass panels on the southern side of the building was replaced 
by green and grey glass with high reflectance to match the current colors of the building.  The number 
of solid panels was also increased.  Though not studied in this breadth, new lighting would have to be 
designed in the gallery space to provide the optimal viewing conditions for the art.   Figure 21 shows 
the lighting conditions of a typical gallery.  Figure 22 shows the exterior view of the old façade versus 
the new façade. 

Figure 22: The original Gateway façade at left. Courtesy RTKL. The new Gateway façade at 
right with darker reflective panels. 
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Sustainability Breadth: 
 

Sustainability was not a principle design consideration when the Gateway was built.  As a signature 
building on a prestigious college campus, it was deemed that additional sustainability measures should 
be implemented to bring the building up to LEED certification.  A total of 40 LEED points are needed 
for certification.  This breadth analyzes sustainable options from the Sustainable Sites, Water Efficien-
cy, and Materials and Resources sections of the LEED program.  In addition to the individual credits 
from the LEED scorecard, an intensive green roof was also designed.  This green roof will be utilized 
as a sculpture garden for modern art. 

 

Study of the minimum LEED requirements found that the despite accumulating enough points for cer-
tification, the Gateway could not become certified.  The building cannot be certified because the gross 
building area is greater than 2% of the gross site area as outlined by credit MPR7 of the LEED pro-
gram.  While the Gateway could not actually be certified on its current site, 40 LEED credits were 
deemed attainable from the three studied sections of the LEED scorecard.  The following is a list of 
those credits. 

 

•  Site Selection: 1 credit 

  Building was not developed on prime farmland, previously undeveloped land, land 
  identified as a habitat for threatened or endangered species, land within 100 feet of wet
  lands, or land that was public parkland. 

• Development density and community connection: 5 credits 

  Building is located on a previously developed site, within 1/2 mile of a residential area, 
  within 1/2 mile of at least 10 basic services, and has pedestrian access between building 
  and services. 

• Alternative transportation– public transportation access: 6 credits 

  Building is within 1/2 mile of a rail station and within 1/4 mile of a bus stop.  

• Alternative transportation– parking capacity: 2 credit 

  Building plan provides no new parking for the site. 

• Site development– protect or restore habitat: 1 credit 

  The green roof on the building, along with the vegetation in the courtyard restores more 
  than 20% of the total site area with native or adapted vegetation. 
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• Site development– maximize open space: 1 credit 

  Building program provides vegetated open space over 20% of the site area. 

• Storm water design– quantity control: 1 credit 

  By providing water drainage from roof to a storage tank, rainwater can be captured to 
  limit the amount of water entering the storm drains. 

• Heat island effect– roof: 1 credit 

  Green roof covers at least 50% of the roof area 

• Water efficient landscaping: 4 credits 

  Reduce potable water consumption by 50% due to plant species and use of captured 
  rainwater. 

• Innovative wastewater technologies: 2 credits 

  Use water conserving fixtures and captured rainwater for use in toilets. 

• Water use reduction: 4 credits 

  Reduce water usage by 40% with low flow toilets, and faucets under the current base
  line water usage.   

• Construction waste management: 2 credits 

  Have 75% of nonhazardous construction waste be recycled. 

• Materials reuse: 2 credits 

   Use salvages, refurbished or reused materials which constitute 10% of the total project 
  cost.  Materials reused could include concrete, rebar, and glass. 

• Recycled content: 2 credits 

  Use materials with recycled content over 20% based on cost. 

• Regional materials: 2 credits 

  Use materials manufactured within 500 miles of the site.  Minimum of 20% based on 
  cost 

• Regional priority: 3 credits 

   Gaining credits for restoring habitat, stormwater quantity control and innovative  
  wastewater technologies earns 3 credits for Baltimore region. 

• Light pollution reduction: 1 credit 

   Limit the amount of nighttime light pollution by 50%. 
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Green Roof Design: 

A green roof will be installed on the Gateway as a sculpture garden for the display of modern art.  The 
green roof will be intensive and feature plants that are native or adapted to the region.  The plants used 
will be hardy to withstand disease and cold winters.  The courtyard gardens were used as the model to 
accurately calculate the loads the green roof will induce. 

 

An intensive green roof can provided a number of benefits to a building.  The addition of a green roof 
helped the Gateway achieve a number of credits for LEED certification.  Several of the benefits are 
listed below: 

 

• Storm water retention 

• Slows down roof material degradation 

• Insulates building interior 

• Replaces lost green space 

• Reduces CO2 emissions 

 

A green roof consists of several layers needed for plant grow, insulation, and protection of the struc-
ture.  Below the plants is a lightweight growing medium or substrate.  Inorganic substrates are pre-
ferred because they can resist erosion.  This green roof was designed to have a growing medium layer 
of 24,” consistent with the courtyard planters.  A filter fabric is located below the substrate.  This fabric 
is a very thin layer that prevents fine particles of the substrate from clogging up the drainage system.  
A drainage medium is located beneath the filter fabric and is usually a highly permeable granular mate-
rial.  This layer collects the excess water the plants do not use  and then direct the water into the drain-
age pipes.  Following the drainage layer is a root protection layer aimed at keeping the plant roots from 
damaging the insulation and waterproofing membranes.  Extruded polystyrene of polyisocyanurate are 
commonly used as insulation in a green roof and EPDM rubber is common for the roof waterproofing 
material.  Figure 23 on the following page shows the layering details for the new green roof 

 

Finally the roof structure is located below the waterproofing.  The roof slab was redesigned to accom-
modate the high loads.  Due to the unusually high loads from the green roof and the live load, it was 
deemed that a one-way slab with beams was more economical than a thicker two-way flat-plate slab.  
The resulting design features a 12” slab with 30”x24” beams spanning along the interior and exterior 
column rings. The calculations can be seen in Appendix A. 
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For plant irrigation, rainwater will be collected and piped to a storage tank located in the museum stor-
age area on the seventh floor.  This rainwater will then be used to water the plants during dry weather.  
A drip irrigation system will be employed in the Gateway.  A drip system is a network of small flexible 
emitter pipes with holes in them that water the plants.  They use less water than other systems and are 
less expensive as well. 

 

Graduate Course Integration: 
 

The knowledge learned in AE 597A-Computer Modeling of Buildings was used in this thesis to build 
and analysis a structural model of the building using ETABS.  This model was used to find building 
deflections, shear, and moments under a variety of loading conditions.  AE 542– Building Enclosure 
Science and Design was also incorporated into this thesis in the two breadth studies.  Knowledge of 
facades was used to design the low light emitting façade for the museum galleries and green roof de-
tails. 

Figure 23: Green roof layer detail. 
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Final Summary: 
 

The Gateway was adequately designed to fit museum usage, thus meeting the challenge proposed for 
this thesis.  A lengthy design process analyzed and made changes to the building slabs, columns, and 
lateral system.  The end result was that the structure for a museum would have utilized the same sys-
tems but would have required stronger capacities to deal with the increased loads on the building.  This 
thesis also considered changes to the building architecture and the inclusion of sustainable measures. 

 

The structural depth analyzed the new loading conditions on the gravity system and then looked at how 
the changes in the gravity system and architecture impacted the building lateral system.  For the Gate-
way to be a museum the slabs would be have to be increased in depth by 4” and all the columns would 
have to increase in diameter by 6 or more inches.  These additions to the size of the structural members 
would have made the building more expensive to build as a museum.  The increased size and increased 
floor-to-floor height of several floors also led to changes in the Gateway lateral system.  After con-
structing and analyzing an ETABS model it was found that three concrete shear walls had to be in-
creased in length to resist flexure and all shear walls required an increase in the amount of end zone 
reinforcement. 

 

The architecture breadth determined appropriate floor plans, circulation patterns, and façade glazing 
for a museum.  Large gallery spaces were designed on every level that allowed people to naturally 
walk around the building’s circular plan.  The columns of the building also had the benefit of breaking 
the large gallery up into smaller alcoves where art can be viewed.  The southern façade of the building 
was also changed to limit the amount of light entering into the gallery.  More solid panels and reflec-
tive glass was used in problem areas of the galleries. 

 

The sustainability breadth considered potential credits for LEED certification and looked into the de-
sign of a green roof to function as a sculpture garden.  Forty credits from the Sustainable Sites, Water 
Efficiency, and Materials and Resources sections of the scorecard were deemed attainable.  The green 
roof was successfully designed and added to the credit score and overall sustainability of the building. 

 

This thesis reinforced many concepts and procedures related to concrete design and computer model-
ing.  Designing slabs, columns, and shear walls promoted greater familiarity with ACI 318-11.  Model-
ing the structure in ETABS likewise increased understanding of the input parameters and output data 
of that computer program. 
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Appendices: 
 Appendix A: Gravity System Calculations 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 39 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 40 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 41 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 42 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 43 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 44 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 45 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 46 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 47 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 48 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 49 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 50 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 51 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 52 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 53 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 54 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 55 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 56 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 57 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 58 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 59 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 60 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 61 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 62 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 63 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 64 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 65 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 66 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 67 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 68 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 69 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 70 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 71 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 72 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 73 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 74 

Appendix B: Wind and Seismic Calculations 
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Wind Design Pressures: 
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ETABS User Defined Input for Wind Cases: 
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Seismic Design Information from USGS: 
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Appendix C: Shear Wall Calculations 

 

N-S Shear Walls Shear and Moments: 
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N-S Shear Wall Shear and Moments: 
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E-W Shear Wall Shear and Moments: 
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E-W Shear Wall Shear and Moments: 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 84 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 85 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 86 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 87 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 88 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 89 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 90 

 



MICA GATEWAY RESIDENCE        Scott Molongoski  ~ Structural 

April 3, 2013 Final Report Page 91 

Appendix D: Foundation Calculations 


