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Executive Summary

The purpose of this technical report is to establish an understanding of Prince
Frederick Hall’s structural features. Prince Frederick Hall is nestled in the heart of The
University of Maryland’s campus and is a multi-use dormitory building consisting of living
and office spaces. This document provides an overview of all the structural components
designed by Cagley & Associates, Inc., including general floor framing, structural slabs,
shear walls, and the foundation system. Integration of major structural components is
explained and elaborated upon.

Within this report it includes a detailed description of the architecture and how the
building resembles older campus architecture. Also, this report looks at the soil
conditions, site layout, and elevations of the site.

The pictures and images (unless otherwise noted) are the property of The
University of Maryland and WDG Architecture PLLC and are being used solely for
educational purposes.
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Purpose and Scope

The focus of this technical report is to investigate the existing conditions and key
structural design features of Prince Frederick Hall (PFH). This includes detailed
descriptions of the overall structural system relative to shear walls, material strengths,
spans, and column layouts. Throughout the document there are diagrams of typical
framing plans, framing elevations, and building/structural elevations to help define the
existing conditions. Furthermore, there is a comprehensive discussion pertaining to
lateral force resistance, load path, and how the applied forces travel through the concrete
structure to the base.

Introduction

Prince Frederic Hall is a brand new multi-purpose dormitory under construction at
The University of Maryland (UMD). The building is expected to open in September of 2014
to undergraduate students. This 185,000 square foot building is expected to achieve LEED
Gold rating upon completion. Clark Construction was hired by UMD to complete this
project as a design-build project with a guaranteed maximum price. The total approximate



TECHNICAL REPORT 1 CIOFFI

cost for the building is about 65 million dollars. The University of Maryland is committed
to providing high tech quality living and a comfortable environment for their students.
The brick fagade on PFH is similar to the surrounding buildings which allow it to fit in
seamlessly with the older architecture of the campus. Figure 1 shows the surrounding
buildings - Caroline Hall, Van Munching Hall, and the University Commons - with
corresponding facade photographs. It is apparent that PFH has very similar architectural

features.

University of Maryland -
College Park

Prince Frederick Hall
Proposed Site Utilization Plan
Phase | - Road Relocation

Legend
@ ConkToader
@ Contruction Fence

tran Sidemaths

Figure 1
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Prior to construction, there was a small building on the site which needed to be
demolished before any work could be done. The demolition included removal of all
existing buildings, footing pads, landscaping, and utility lines. Prior to removal, UMD
received approval from the Maryland Historical Society. Figure 2 shown below highlights
the area of construction and shows the general demolition notes.
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Figure 2

The layout of the interior is designed to have university space on the first floor and
private dormatory space on the upper floors. Roof and scub floors house the mechanical
and electrical roomsThe following figure is a typical floor plan showing the different
occupancies within the floor plan. All other floors can be referenced within the appendix
starting on page A. These different occupancies will be discussed later for live loads
according to IBC 2009. Also provided is a color code to help show the diversity of the
buildig.
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PFH is designed using cast-in-place concrete with two way slabs and shear walls. Fire
safety plays a major role in the design; the building is designed with a fire resistance
rating of three hours. The building’s occupancy is mixed and includes the following:

Occupancy:

Residential (310) Primary - Group R-2
Assembly (303) - Group A-3
Business (304) - Group B

Storage, Low Hazard (311.3) - Group S-2

PFH’s main structural system is concrete slabs, concrete columns and ordinary shear
walls. The exterior is primarily cast stone CMU with glass curtain wall facade. The
following figures labeled Figure 11-14 are the elevations showing facade materials and
overall height.

North Elevation

Figure 11
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Figure 12
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East Elevation
South Elevation
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West Elevation

A

-

ELEV 4 A

Structural System Overview

This section provides an overview of the structural system of Prince Frederick Hall.
[t describes the structural framing system including columns, slabs, materials and load
paths of the building. It also describes the loads acting the building, their load paths, and
how the building reacts. Also, it describes the national codes used to design the structure
of the building and where is applicable.
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Building Codes

This sub-section lists the applicable building codes and design standards

associated with PFH.

The International Building Code - 2009, International Code Council

Minimum Design Loads for Buildings and Other Structures (ASCE 7) American Society of
Civil Engineers, 2008

Building Code Requirements for Structural Concrete, ACI 318, American Concrete Institute,
2005

ACI Manual of Concrete Practice, Concrete Reinforcing Steel Institute

Post Tensioning Manual, Post Tensioning Institute

Steel Construction Manual, 13t edition, 2005, American Institute of Steel Construction
Including ANSI/AISC 360-05 Specifications for Structural Steel Buildings, Specification for
Structural Joints Using ASTM A325 or A490 Bolts and AISC 303-05 Code of Standard
Practice for Steel Buildings and Bridges

Manual of Steel Construction, Volume 2 Connections, ASD Ninth edition/LRFD First
Edition, American Institute of Steel Construction

Detailing For Structural Construction, American Institute of Steel Construction

Structural Welding Code ANSI/AWS D1.1 American Welding Society

Standard Specifications for Long span Steel Joists, LH Series and Deep Long span Steel
Joists, DHL-Series, Steel Joint Institute

Design Manual for Floor Decks and Roof Decks, Steel Deck Institute

Materials

Cement

ASTM C150; Type 1 or 3

Blended Hydraulic Cement

ASTM C595, Type is (limit to 35% max of cementitious content by weight)

10
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ASTM C33 (normal weight)

Air entraining admixtures ASTM C260
Chemical Admixtures ASTM C494

Compressive strengths after 28 day

Footings 3000psi
Foundation Walls 4000psi
Shearwalls 4000psi
Columns 4000psi (4t Floor-Roof) and 5000psi (Foundation-4t Floor)
Slab-On-Grade 3500 psi
Reinforcing Slabs 5000 psi
Reinforcing Beams 5000psi
Topping 3500psi

Deformed Reinforcing Bars : ASTM A615, Grade 60
Welded Wire Reinforcement: ASTM A185
Seven Wired Stress Relieved Pre-stressing Strands: ASTM A416, Grade 270

Wide Flange Shapes and Tees: ASTM A992

Square or Rectangular Hollow Structural Shapes: ASTM A500, Grade B, FY=46ksi
Base Plates and Rigid Frame Continuity Plates: ASTM A527, Grade 50

Other Structural Shapes and Plates: ASTM A36

High Strength Bolts: ASTM A325-N or ASTM F1852

Anchor Rods: ASTM F1554, Grade 36

Galvanized Steel Roof Deck: ASTM A653 SS. Grade 33, G-90
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Foundation

In absence of a formal geotechnical report for the project, websoilsurvey.nrcs.gov was
used to make preliminary assumptions regarding the soil classification and type in an
effort to establish then design bearing pressure.
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Figure 15

E Site

= soil Classification line

On the PFH site, there are two different land classifications, Urban Land Russett-
Christiana Complex and Urban Land Christiana Downer Complex. The typical profile of
the soils is shown in the tables below for the two different land types. More in depth
analysis was done prior to construction and was competed by KCI Technologies Inc. This
data is only to help describe the choice of foundation system. According to the structural
contract documents, the actual foundation system was designed for a net allowable
bearing pressure of 2,000 psf.

URRB URCD
TYPiCAL DEPTH (NCHES) | PROFIE
Fine sandy loam 0-12 Loamy sand
4-7 Loam 12-31 Sandy loam
7-13 Loam 31-38 Loamy sand
13-46 Clay loam 38-72 Sand
46-57 Sandy clay loam

**Information in table from websoilsurveys.com
57-77 Silty clay loam

12
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Building on soil types such as loam and sand poses complications and stability loss. The
level of grade changes less than fifteen percent which requires the building to be designed
with foundations to withstand the soil pressures at the different levels it hits the building.
The diagram below shows the contour lines on the existing site before excavation. The
darker red lines represent higher elevation and the lighter red lines reduce in elevation.
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The foundation system of PFH is consistent of spread footers, strip or wall footers,
and grade beams. The isolated spread footings are located at the columns and are used to
spread the buildings load uniformly over its projected area. The columns sit in the center
of spread footings which then distributes the loads of the building to the ground. The
diagram figure 134 shows the design limits at which the spread footers need to withstand.

Loss of stability Bearing failure Sliding
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Figure 134. Examples of ultimate limit states for foofings
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Credit: (Design of Footings Chapter 10)
http://www.decodingeurocode7.com/downloads/10.%20Design%200f%20fo
otings%20%28sample%29.pdf

Figure 17
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Labeled in the following drawings are the locations of the spread footings, strip
footings and grade beams which are used to resist overturning of the footings.
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The spread footings are located under every concrete column and are denoted on
the plans by a dashed line. These spread footings were chosen to distribute the loads
coming from the columns directly above them. Most of the spread footers in the building
are unique to each column while some are shared with the column next to it. Spread
footers or small foundation pads are located under the seven shear walls of the building
to. Each footer meets the minimum compressive strength of 3000 psi. Later in the
document, shear walls will be described in full depth from the ground to the roof. The
smaller spread footers are connected to an adjacent footer by a strip footer or grade beam.
This allows the footers to resist overturn as well as increasing the area the footers have to
distribute the load to the ground.

The continuous wall footings are located mostly at the edge of the building and are
connected to the spread footings. They allow the foundation to maintain level while the
contours of the land change. The following detail (labeled Figure 20) shows a typical strip
footing with adjacent slab on grade and the placement of rebar.

ROUGHEN

15017 DOWELS /sumca
EE‘:}:”‘R_\ 13 1/ —su8 on GRaDE

344 CONT.
T CR

R
L¢_ LOWER SCUB SLAB

T CLR.

@VAULT WALL EAST & WEST

Y =1-0"

Found on page S4.03 of docs.
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The rebar in the 12 inch deep strip footingr is set with a minimum 3 inch clear

from the bottom of the concrete per ACI 318-08. Three number 4 bars are laid parallel the

bottom of the footer.

The following column footing schedule shows that there are 22 different footings
used on the building. The footing sizes varys from 4’x4’x18” to 45’x50°x60". This schedule

can be found on page S2.10 of the structural documents.

COLUMN FOOTING SCHEDULE
DIMENSIONS
WARK REWNFORCEMENT REMARKS
WOTH | LENGTH | DEPT
o | #-0 | 00 | F 545 EWB
s | -8 | -6 | o 885 EWB
o | w0 | -0 | 3 843 ¥
Floo | 1w0-00 | w0t | W 349 EWB
Fio [ -0 | - | 3 1049 EWB
F115 | 11"-8 1-¢ ar 1143 EWB
Flzo | 12-00 | -0 | o 10§10 ENB
FIS0 | 15-0° | 1500 | 4 11§11 E48
ote | 50 | wr | a8 | SR e | s w0 |
oo |60 L el 3| s |/
( F7xd - -0 W 343 EWB L\)
I TR et e
Fiz | o0 | 1200 | W 1048 EWB
FuE | g | e | @ | 0 U, 10f T
Fog | 12-00 | g | g | PF10 LWB, 1159 LT
faar |10 | ar-r | s | A0 LN 11RO LN
Flas2s | -0 | 2500 | 4 gﬁm LWE, 15§9 LWT
riadd | 150 | avog | g | 1410 LN, 14410 LWT
Fosdt | 25-0" | ar-g | 4g | S0 L zsa
F22:36 | 2-00 | 36-00 | 4F '
Fams? | 200 | s¢-00 | SO " u‘:ﬁmﬁm Ilmams i[i]
S0 | 450" | S0-00 | 60 AR INIFOR S

Figure 21
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The slab on grade is 5” thick unless noted otherwise in the documents (at isolation
pads) and is reinforced with 6x6-W 2.0 x W 2.0 wire welded frame. The mesh wire is
located 1.5” from the top of the slab for shrinkage and temperature changer as per ACI

318-08. All slabs-on-grade meet the minimum compressive strength of 3500psi. Directly

under the slab is a vapor retarder to keep moisture from the ground from coming into the

slab and cracking it at freezing temperatures. There is also a %4” isolation strip where the

wall and slab meet.

CONTRACTION OR COMNSTRUCTION JOINTS
SEE DETALS 6/54.01 & 5/54.01

= WAL A
% | 1 \“H\
)
VAPOR mmnmJ X
Y ISOLATION STRIE
FULL DEPTH OF SUAB

1) SEE SEQUENCE OF PLACING SLAB ON GRADE
FOR LOCATION OF JOINTS.
2) PROVIDE SUPPORT CHAIRS TO HOLD WWF AND/OR

REINFORCING IN POSMON DURING COMCRETE PLACEMENT.

@SLAB ON GRADE

W=r-r

Figure 22
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The slab reinforcement stops at construction joints as shown in the details below to allow
for the slab to expand and contract without cracking the concrete.

PERMANENT 24 GAUGE MO REINFORCEMENT
GALVANIZED PREFORMED THRU JOINT
JOINT STRIP (SCREED
KEY JOINT)
{_ .

-r 1" CLR. 1" CLR.
M.

1 CLR.

1. CONSTRUCTION JOINT MAY REPLACE CONTRACTION JOINT.

2. REFER TO ARCHITECTURAL DETAILS FOR JOMT FILLER
WHERE REQUIRED.

3. SEE SEQUENCE OF PLACING SLAB OM CRADE FOR
LOCATION OF JOINTS.

4. PROVIDE SUPFORT CHAIRS TO HOLD WWF AND,0R
REINFORCING IN POSITION OURING COMCRETE PLACEMEMT.

SLAB ON GRADE CONSTRUCTION
JOINT

5

Found on page S4.01 of docs. Figure 23

Located at the east end of the building there is an exterior stairwell that allows
egress from the lower scub area. The following two details explain the layout of the stairs,
the connection with the slab on grade and retaining for the stairs.

—
A

Stair location

20
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Figure 24

_NOTE: WHERE CHEEK WALL 1S NOT
DETAILED, PROVIDE & THK CONCRETE
WALL W/ §4@10° O.C. EW. AND 107
DEEP BY 1'-6" WIDE STRP FOOTING
W/ 2§4 CONTINUOUS (HOOK VERTICAL
WALL REINFORCING INTO FOOTING)

@SECTIDH

@ STAIR ON GRADE

V=10

Detail can be found on page S4.01
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Figure 25

Detail can be found on Page S4.07

[solation pads are added into the slab on grade for different occupational purposes
such as housekeeping and different mechanical systems. These pads help deal with the

vibration of the systems above them.
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Gravity System

The main gravity system of PFH is a two way slab flat plate with drop panels. In
this section, the structural gravity system is described from the first floor to the roof. The
gravity system from the third to seventh floor is identical.

The structural engineers decided to go with a two way slab system because it is
efficient, economical, and is a widely used structural system. A flat slab is essentially a flat
plate which is then thickened around columns. These drop panels are used to control the
negative moments transferred to the columns. The drop panels also help resist the
column punching through the slab, commonly known as punching shear.

The first floor slab is designed to support the loads from several different
occupancies which include; washrooms/laundry rooms, lobbies, living space,
hallways/egress, mechanical and storage. On this floor, there are two different slab
thicknesses, one is 8 inches thick and the other is 9 inches. Shown in the diagram below,
the 9 inch slab comprises the majority of the floor and sits to the west side of the building.
The 8 inch slab is located on the East side of the building and has a smaller area.

23
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Figure 27
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The engineer decided to do two different slab thicknesses on this floor because of
the difference in spans. It is more economical to design the smaller spans of the two way
slab with 8” and the larger spans being 9”. The 9” allows for a larger rebar depth (d) in
design which will save you on the amount of rebar needed, ultimately reducing the cost.
The typical slab reinforcing is #5 bars at 12” on center and #6 bars at 12” on center
bottom at column strops and repeat for middle strips.

Along with the two way slabs, there are beams which frame around the floor
penetrations.
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CONCRETE BEAM SCHEDULE Figure 29
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The second floor slab is different from the first floor it is typically 8 inches deep but
in some regions steps down by 3 inches. The sections of offset slab occur at the washroom
areas, allowing enough space for a flush floor finish. The second floor also has beams at
the openings, similar to the first floor. The flooring from the third floor to the seventh has
the same slab configuration as floor two; a diagram will not be shown for these.
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The roof slab is 8 inches thick and is not to exceed 14 inches. The given range of
thickness is to allow for a slope in the slab to drain water off of it (drainage system).

From the slabs, the loads travel in two directions to meet the concrete columns
which transfer the loads to the foundation. There are a few typical sizes for the columns:
30x 18, 18x24, 24x30, and 24x36. Each column size is consistent over the height of the
building. The column schedule works with the grid given on the structural documents and
shows the size of each column per floor. At the bottom of the schedule is the total load
from each column that is transferred from the foundation to the ground.
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Lateral System

The lateral system of PFH consists of seven shear walls which act together to resist
horizontal lateral forces. The first shear wall (SW1) is located in the far south side of the
building apart of the stairwell. Shear wall number 2 (SW2) is located near the main
entrance and it connected to the first floor multipurpose room. Shear walls 3, 4, and 5
wrap around the main elevator system and together create a “C” shape. Shear wall 6 is
located in the East wing and touches the main wash rooms on the residential floors. Shear
wall 7 (SW7) is located at the far East end and touches the other stairwell. The diagram
below shows the location of the shear walls on the first floor plan, these shear walls
extend from the ground to the roof.
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At the base of the shear walls, standard ninety degree hooks from the foundation connect
the two together allowing for a moment connection parallel to the long length. The
following detail is the typical layout of the shear walls with openings.
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@TTPICM. SHEAR WALL REINFORCING
e Figure 34

Roof

The main roof is home to mechanical systems and cooling towers disguised by
short screens. The short screens on the roof allow for the mechanical systems to be out of
the line of view. These screens are significant to the structure of the building because they

30



TECHNICAL REPORT 1 CIOFFI

are subjected to gravity, wind and seismic loads. As wind blows, the short screens are
subjected to downward forces and uplift.

‘ Fl-—mw
% e TS Y AT 9 O.C. MAX
- 10 KNFE PUATE .
|
by m'/c_/ T — E
7 TSSe '/ R = P
TS5/ / O L E—
N
e RO /e
h >
/ [l ? / ROOF A » ——
| ] | -l
itk A Tomae '/ s \‘ TR ATERMTE — \\f
@SHORT SCREEN SECTION R
Waer-s
Figure 35
s _
I —
wind b
Load F—> (_ t\gi;]:
. ]
. .
S —
S ]
5 -

Possible Reactions on
Roof

31



CIOFFI

S L L X B P 2L
!
|

I m | _
_ (D) W.?_._-

SR |y . R T M—— S Y EURRS VRS S W— . ¥

L o T e I L MR - IS
--.-!!T. _-,?!i!!n|-i! S e 1O

_ _
e T e o e e e e
—-—-—

i : b . S,

BUNSIPRRIRY |SSSPIPUNS RSSO SR SRS N NP S— S _— ey
._| ._|-|..T |-|*|.|-l |-|-|_.| T |-|_|.| I._-|-|,_I.| T _I.. ®
A | [ A A A A

e _ _ _ | _ | _ _ _
- .|._|.|.._| ——f—— e — e O

IR Y-

-t 1t
[
|
|
-
|
|
|
|
“u:::*‘
Eﬁj H
i 1]
Uriversity of Marylan
Prince Frederick Hall
Colle e Py il mld

——

TECHNICAL REPORT 1

I

i
|
3

32




TECHNICAL REPORT 1 CIOFFI

Joint Details
\
4 Bl TENSION AP
|
1 ¥ — i — =
STANDARD 9" < / |
HOOK — ——
L I 1
\— CLEAN AND ROUGHEN
2 = VERTICAL BARS SURFACE TYPICAL ,/
TYPICAL - N | 8 -
STANDARD 90" HOOKS OR
CORNER BARS - SEE NOTE 3
A A
NOTES:

1. DOWEL BARS SAME SIZE AND SPACING AS HORIZONTAL REINFORCING.

2. SEE 1/53.6 FOR TENSION LAP SPLICE SCHEDULE.

3. CORNER BARS MAY BE SUBSTITUTED FOR 90" HOOKS ON ENDS OF
HORIZONTAL BARS FOR EACH LAYER OF REINFORCING. LENGTH OF
EACH LEG TO BE TENSION LAP PER DETAIL 1/54.06

REINFORCING AT WALL CORNERS

2 Yr=1r-0

Figure 38

Figure 38 is a diagram of typical reinforcing at a wall corner where a wall meets the edge
column. This cast in place connection uses standard 90 degree hooks to extend from the
beam to the column making sure all development lengths are met. The two sets of parallel
bars are spaced a minimum distance and are placed 1.5” from cover according to IBC 318-
11. More joint details can be found throughout the document, ie: lateral systems.
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Building Loads and Paths

SUPERIMPQOSED DEAD LOADS

Floors 5

Roof 10

All loads were found on the general notes of the structural documents. See Tech 2 for
confirmation of all loads used.

FLOORLIVE LOADS

Seminar rooms at ground floor 100 (U)

Corridors (serving private 40

rooms)

Corridors (serving public 100

rooms)

Apartments 40 + 10 partitions
Lobbies 100

Marquees and canopies 75

Mechanical rooms 150(V)

Bike storage (first floor) 100

Study rooms above first floor 60

Stairs and exit ways 100(U)
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ROOD LIVE LOADS Uneducable loads are followed by U

Roof 30 min (ponding or snow load
is used when greater than
30psf)

Ground snow load 25 PSF

Snow exposure factor 1.0

Snow load importance factor 1.0

Flat roof snow load 17.5 plus unbalanced

The load path for dead and live loads are very straightforward in PFH. Starting from the
roof, loads are distributed through the two way slabs. These loads consist of mechanical
equipment, live load, and even wind load. The loads are transferred from the slabs to the
columns and are carried to the foundation. Similar set up happens for every other floor
and in the end all loads end up in the foundation. Tributary area works for the distribution
of loads on the slabs and their transference to the columns. The wind and seismic loads
are transferred through the building to the shear walls. For instance, the wind load will act
upon the facade and the load is transferred through the diaphragm. From the slab the
loads are distributed minimally to the columns and primarily to the shear walls. That load
is changed from lateral to vertical and extended down to the foundation.
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Basic wind speed (3sec gust) 90 MPH
Site exposure category B

Wind importance factor 1.0

Net wind uplift 20psf

SEISMIC LOAD INFORMATION

Seismic importance factor 1.0

Seismic design category B

Response modification factor
Desion hase chear
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Conclusion

After a complete and in-depth analysis of the design of Prince Frederick Hall, this
document elaborates the existing conditions. The foundations, gravity systems, lateral
systems, and roof screens were examined and explained. This report begins with the basic
architectural features and works its way to becoming a study of each floor and their
structural design. It looks at the importance of economics and describes the decisions of
the engineers.

Some interesting features that may cause problems down the road are the
foundation system, the double thickness slabs, and the roof screens. The foundation
system is not set up on a grid and some of the pads are angled, this feature does not seem
to be the most economical or efficient. More research will need to be done to determine
the actual reason for these off-set pads. The offset floor slabs on the typical plans will
pose a problem when it comes to stress and strain computations. The roof screens are
going to cause the wind calculations to be much more challenging causing uplift on the
roofs slab and adding extra height to the building.
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Building Document Color Code

Wash Rooms or
Laundry Room

Lobby

Living Space

Elevators

Hallways/ Egress

Mechanical

Qffice

Roof Decking

Roof Top Screen

Seminar Rooms/
Multi-purpose Rooms

Stairs

Storage Rooms



Lower Scub Level Floor Plan
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Upper Scub Level Floor Plan
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First Level Floor Plan
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Second Level Floor Plan
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Third Level-Seventh Level Floor Plan
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Roof Floor Plan
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