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Executive Summary

AC Hotel Philadelphia is a 15-story residential transient hotel (including penthouse)
located in the heart of downtown Philadelphia. This new hotel, owned by Baywood Hotels, will
be built on top of the previous NFL Films and Warner Bros distribution center, a historic two-

story building located at the corner of Florist and North 13t Street in Philadelphia.

The original two-story, 31’-0” tall building is a load bearing masonry structure. In order
to properly satisfy the proposed addition, a mat foundation of varying thickness will be installed
and the building will be gutted and restructured. The new construction will consist of
composite steel at the bottom two levels, supporting a 12-story steel-frame structure atop,
capped with a penthouse. The typical floor to floor height measures 10°6”. Multiple 14” shear
walls make up the lateral system until floor 3 where braced frames are utilized for

architectural/spatial purposes including door and window openings.

AC Hotel Philadelphia was designed using the 2009 edition of the International Building
Code and ASCE 7-05 was used to determine lateral loads on the building. The City of
Philadelphia Building Code (with current amendments) and the 2014 version of “AC Hotels by
Marriott Design Standards” were also used as references. The Philadelphia Historical

Commission also influenced the project boundaries.

The purpose of this report is to identify the structural loads used in the design of AC
Hotel Philadelphia. Gravity, wind and seismic loads are established in the following report. A
code analysis was completed in order to have an accurate understanding of the design loads
used for 230 North 13™ Street. Codes were used in accordance to the actual design codes

applied when designing the building.

]
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AC Hotel Philadelphia

Baywood Hotels | 230 North 13% Street, Philadelphia, Pa

Project Information
Occupancy: Residential transient hotel
Stories: parking garage + 14 levels above grade +
Mech. Penthouse & Rooftop Terrace
% I192ft. Above sidewalk grade
Overall project cost: $35,000,000
Size: 107,680 sq.ft.
Construction Dates: Fall 20135 — Summer 2017

L <
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Project Team

Owner: Kurt Blorstad

General Contractor: Clemens Construction
Architect: Spg3

Structural Engineer: Holbert Apple Associates

]
|

150 luxury units
Underground, valet parking via car elevator
Exclusive restaurant for guests
Fitness center & indoor pool
Green Roofs
%+ Extensive (24 & 3% Levels)
«+ Intensive (Rooftop Terrace)

Structure:
<+ Foundation
<+ Mat-slab
4 Underpinning of adjacent structures during
construction
< Framing
% Structural steel framing
< Composite deck (normal-weight concrete)
< Precast hollow-core plank girder slab syscem
% Lateral System
< Concrete shear walls (lower levels)
< Concentric braced frames (upper levels)

MEP:
< Mechanical

¢ Water-source heat pump

%+ Energy recovery wheel on the roof used to mix

outside air with return aic _

< Plethora of fans used to exhaust class 3&4 air
4 Electrical

< 600KW Emergency generator on roof

< 2500A Main Circuit Breaker

JESSE BORDEAU ~ Structural Option
http://jbordeaul8.wix.com/thesis
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Site Location

230 North 13t St. is located in Philadelphia, Pennsylvania in proximity to the Liberty
Bell, The Franklin Institute and the Eastern State Penitentiary. The site lies northeast of center
city, offering dwellers a beautiful view of the Philadelphia skyline. Figures 1 and 2 clarify the
exact location below.

Building
Location

Figure 1: Overhead view
of 230 North 13th St in
Philadelphia, Pa (Courtesy

s of Google Maps)

Lane:

Upper

\3‘»- North

Figure 2: Map of Philadelphia (Courtesy Google Maps)

JESSE C BORDEAU 4



Notebook Submission B Advisor | Heather Sustersic
Structural

Documents used in preparation for this report

Listed below are the codes and other supporting documents which were used to
determine loads, factors and other variables for this report.

e American Society of Civil Engineers
o ASCE 7-05
e International Code Council
o International Building Code 2009
e Construction drawings
o Courtesy Holbert Apple Associates
e Course notes from previous semesters
o AE530 - Computer Modeling of Buildings
o AE 430 - Indeterminate Structures
o AE 403 - Advanced Steel Design
e Hambro Composite Floor System Design Guide
e Girder-Slab System LRFD Version Design Guide v3.1
o Courtesy Holbert Apple Associates

e AISC Steel Manual

JESSE C BORDEAU 5
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Gravity Load Determination (Dead, Live & Snow)
Roof Loads

The roof load calculated below is for the extensive green roof used in several locations
around the building. Loads are compared to code minimum (IBC ch 16, Table 1607.1)
within each section. Original loads, determined by professionals are located at the end
of the gravity load portion of this report.
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Note: Compared to extensive green roofs. intensive green roofs require higher design criteria because of the possibility
of human traffic over it. Modular Green Roof Systems vary in weight, therefore an average load was applied.
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Floor Loads
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The girder-slab system is utilized to benefit construction efficiency and to reduce floor-to-floor height.
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Exterior Wall Loads
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Listed below are the dead load values used by the engineers who originally determined the
loads for AC Marriott Philadelphia.

Table 1: Superimposed dead loads

Superimposed Dead Loads (in addition to structure self-weight)
Area Loading [psf]
Typical Roof 30
Floors 10
Intensive Green Roof 200
Extensive Green Roof 60

]
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Wind Load Determination

The following section is the wind calculations for 230 North 13t Street using ASCE 7-05
chapter 6. Most of the calculations were determined using Microsoft Excel, therefore
spreadsheets are provided. These spreadsheets can be found at the end of this section
and in Appendix A which also include base shear, along with diagrams which visually
display the forces & pressures vs. building height.
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Table 2: Wind pressures for windward, leeward and uplift displayed for the North-South direction.
‘Wind Pressure Determination (N-5) Net Pressures [psf]
Location Story z[ft] | kz |qzlpsfl| Cp | qzGCplpsf] | Gepi| qhGCpi[psf] | qzGCp-gh({+Gepi) | gqzGCp-gh(-Gepi)
Windward 1 0| 0.57 10.05| 0.8 7.02| 0.18 3.78 3.25 10.8
2| 15.66( 0.57| 10.05( 0.8 7.02| 0.18 3.78 3.25 10.8
3| 33.75(0.72] 12.74( 0.8 8.91| 0.18 3.78 5.13 12.7
4| 44.25| 0.78( 13.73| 0.8 9.61| 0.18 3.78 5.84 13.4
5| 34.75( 0.83| 14.63( 0.8 10.23| 0.18 3.78 6.45 14.0
6| 65.25( 0.87| 15.33 0.8 10.72| 0.18 3.78 6.95 14.5
7| 75.75(0.91] 16.03( 0.8 11.25| 0.18 3.78 7.48 15.0
8| 86.25(0.96/ 16.93( 0.8 11.88| 0.18 3.78 8.10 15.7
9| 96.75( 0.98| 17.27( 0.8 12.08| 0.18 3.78 8.30 15.9
10{107.25| 1.01| 17.80 0.8 12.45| 0.18 3.78 8.67 16.2
11117.75| 1.03| 18.21| 0.8 12.73| 0.18 3.78 8.596 16.5
12|128.25| 1.06| 18.70| 0.8 13.08| 0.18 3.78 9.30 16.9
13|138.75| 1.09| 15.21| 0.8 13.43| 0.18 3.78 5.66 17.2
14|1459.25| 1.11| 15.56| 0.8 13.68| 0.18 3.78 9.50 17.5
Penthouse Deck |163.00( 1.13| 19.92| 0.8 13.93| 0.18 3.78 10.15 17.7
Penthouse 163.25| 1.13| 19.92( 0.8 13.93| 0.18 3.78 10.15 17.7
Roof 181.00| 1.17| 20.62( 0.8 14.42| 0.18 3.78 10.64 18.2
Elevator Roof 191.02| 1.19| 20.97( 0.8 14.67| 0.18 3.78 10.88 18.4
Leeward All All 1.13| 20.97| 0.5 -9.17( 0.18 3.78 -12.94 -5.39
Side All All 1.13| 20.92( -0.7 -12.80( 0.18 3.77 -16.57 -5.03
Parapet (WW) |2nd Story 31.50| 0.71| 12.51 1.50 18.77]
Penthouse 167.75| 1.15| 20.27 1.50 30.40)
Roof 185.75| 1.18| 20.80 1.50 31.20)
Elevator Roof 192.00| 1.19 1.50 31.46|
Parapet (LW) |2nd Story 31.50| 0.71 -1.00 12.51
Penthouse 167.75| 1.15 -1.00 -20.27
Roof 185.75| 1.18 -1.00 -20.80
Elevator Roof 192.00| 1.19 -1.00 -20.97
Roof (0-95.5ft) 191.02| 1.19 0.18 -15.29
[~95.5ft) 191.02| 1.19 0.18 -6.36

Table 4: Wind story shears
displayed for the (N-S) direction.

Table 3: Other factors used for wind

Forces B pw+pl H Total Force

determination (N'S direction). F1 112.7| 16.19 7.83 14.3
F2 112.7( 16.19| 16.875 30.8]

F3 112.7( 18.08| 14.295 29.1

th E‘]-DD F4 112.7| 18.78 10.5 22.2
| 1 ES 1127 19.39 10.5 23.0]
F& 112.7| 19.89 10.5 23.5

kd 0.85 F7 112.7| 20.42| 10.5 24.2
k F8 112.7| 21.05 10.5 24.9
Z-t 1 F3 112.7( 21.24 10.5 25.1
G 0.874 F10 1127| 2161 105 25.6
F11 112.7( 21.90 10.5 25.9

LJ'IIB 0.69 F12 112.7| 22.24 10.5 26.3
F13 112.7| 22.60 10.5 26.7|

F14 112.7| 22.85| 12.125 31.2

FPD 112.7| 23.09 7 18.2

FP 112.7| 23.09 9 23.4

FR 112.7| 23.58| 13.885 36.9

FER 112.7| 23.83 5.01 13.5

[kip] 444.9|
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Table 5: Wind pressures for windward, leeward and uplift displayed for the North-South direction.
Wind Pressure Determination (E-W) Net Pressures [psf]
Location Story z[ft] | kz |[qzlpsf]l| Cp | qzGCplpsf] | Gepi| ghGCpilpsf] | gzGCp-gh(+Gepi) | gzGCp-gh{-Gepi)
Windward 1 0| 0.57| 10.05| 0.8 7.15| 0.18 1.81 5.34 9.0
2| 15.66/ 0.57| 10.05| 0.8 7.15| 0.18 1.81 5.34 9.0)
3| 33.75| 0.72| 12.74| 08 9.07| 0.18 2.29 6.78 11.4
4| a4.25| 0.78| 13.75| 0.8 5.79| 0.18 2.47 7.31 12.3
5| 54.75| 0.83| 14.63| 0.8 10.42| 0.18 2.63 7.78 13.0
6| 65.25)0.87| 15.33| 0.8 10.92| 0.18 2.76 8.16 13.7]
7| 75.75| 0.91| 16.08| 0.8 11.46( 0.18 2.90 8.56 14.4
8| 86.25/0.96| 16.93| 0.8 12.10( 0.18 3.06 9.04 15.2
9| 96.75| 0.98| 17.27| 0.8 12.30| 0.18 3.11 9.19 15.4
10(107.25| 1.01| 17.20| 0.8 12.67| 0.18 3.20 9.47 15.9
11(117.75| 1.03| 18.21) 0.8 12.96( 0.18 3.28 9.69 16.2
12(128.25| 1.06| 18.70| 0.8 13.31| 0.18 3.37 9.95 16.7]
13(138.75| 1.03| 19.21| 0.8 13.68| 0.18 3.46 10.22 17.1
14(149.25| 1.11| 19.56| 0.8 13.93| 0.18 3.52 10.41 17.5
Penthouse Deck [163.00| 1.13| 19.92| 0.8 14.18( 0.18 3.59 10.60 17.8
Penthouse 163.25| 1.13| 19.92| 0.8 14.18( 0.18 3.59 10.60 17.8
Roof 181.00 1.17| 20.62| 0.2 14.68| 0.18 3.71 10.97 18.4
Elevator Roof ~ [191.02| 1.13| 20.97| 0.8 14.93| 0.18 3.78 11.16 18.7
Leeward All All 1.19| 20.92| 0.5 9.31| 0.18 3.97 -13.08 -5.54)
Side All All 1.19| 20.92| 0.7 -13.03| 0.18 3.97 -16.80 -9.27]
Parapet (WW) |2nd Story 31.50| 0.71 18.77|
Penthouse 167.75( 1.15 30.40
Roof 185.75( 1.18 31.20)
Elevator Roof 192.00( 1.19 31.46|
Parapet (LW) |2nd Story 31.50| 0.71 -12.51
Penthouse 167.75( 1.15 -20.27|
Roof 185.75( 1.18 -20.80
Elevator Roof 192.00( 1.19 -20.97|
Roof (0-95.5ft) 191.02( 1.19 -27.64
(»95.5ft) 191.02| 1.19 ! : -21.14| 0.18 5 4 -17.37
Table 7: Wind story shears
displayed for the (E-W) direction.
. Forces B[ft] |pw+pl| HI[ft] | Total Force
Table 6: Other factors used for wind = = ol o= T
determination (E-W direction). 2 78.0| 18.42| 16.875 243
. F3 78.2| 19.86( 14.295 22,2
V2 8100 F4 78.2| 20.35 10.5 16.7
| 1 F5 78.2| 20.86 10.5 17.1
F& 78.2] 21.23 10.5 17.4
kd 0.85 F7 78.2| 21.64 10.5 17.8
kzt 1 F8 78.2| 22.12| 105 18.2
G 0.89 F3 78.2| 22.27 10.5 18.3
F10 78.2| 22.55 10.5 18.5
L/B 1.44 F11 78.2| 22.76| 10.5 18.7
F12 78.2| 23.02 10.5 18.5
F13 78.2| 23.30 10.5 19.1
F14 78.2| 23.48| 12.125 22.3
FPD 78.2| 23.67 7 13.0
FPD 78.2| 23.67 9 16.7|
FR 78.2| 24.05( 13.885 26.1
FER 78.2| 24.23 5.01 9.5
[kip] 326.0

]
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Seismic Load Determination

Seismic loads are calculated in the following section using ASCE 7-05, chapters 11 &12.

2872015 Design Maps Summary Report

2ZUSGS Design Maps Summary Report
User-Specified Input
Building Code Reference Document ASCE 7-05 Standard
(which utilizes USGS hazard data available in 2002)
Site Coordinates 39.95689°N, 75.16017°W
Site Soil Classification Site Class C - "Very Dense Soil and Soft Rock”
Occupancy Category I/11/111
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Figure 3: Seismic design criteria based on exact site location (Courtesy http://ehp2-
earthquake.wr.usgs.gov)
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Table 6: Floor-by-floor breakdown of total building mass for AC Hotel Philadelphia.

Story

Floor Area [sqg.ft.)

- I T

o e e
W NP o

14
Penthouse Deck
Penthouse
Roof
Elevator Roof

8050
9770
5925
5925
3925
3925
5925
5925
5925
5925
5925
5925
5925
5925
5925
5925
1250

400

Floor Load [psf] | Snow Load [20%) [psf] | Trib. Wall Height

Building Perimeter

Wall Load [psf]

Weight | Parapet | Mech/Misc| Total Floor Weight

*included 3psf for weight of steel and extra allowances for pool, mech equip & fitness

381.8
381.8
381.8
381.8
381.8
381.8
381.8
381.8
381.8
381.8
381.8
381.8
381.8
3818
3gLe
3gLe
328
68

27.5
27.5
27.5
27.5
27.5
27.5
27.5
27.5
27.5
27.5
27.5
275
275
27.5

846961
1151330
714927
673120
673120
673120
673120
673120
673120
673120
673120
673120
673120
690181
602964
614418
258720
84430

1020 44928
1509

Total Building Weight [kips] 11695

Table 7: Seismic story shears displayed for both orthogonal directions.

Story b [ft] | wx [kip] wxhx~k Cwx Fx W
Elevator Roof 191.0 84.4 3079641.2 0.03 8.5 8.5
Roof 181.0 258.7 8475270.7 0.07 23.4 31.9
Penthouse 163.3 614.4( 16374105.6 0.13 45.2 771
Penthouse Deck 163.0 003.0( 16021107.0 0.13 44.2 121.3

14 149.3 690.0( 15370138.1 0.13 42.4 163.7

13 138.8 673.1( 12958226.7 0.11 35.8 199.4

12 128.3 673.1 11071190.9 0.09 30.5 230.0

11 1178 673.1 9332573.6 0.08 25.8 255.7

10 107.3 673.1 77423748 0.06 214 2771
9 96.8 673.1 6300594.6 0.05 17.4 294.5
a8 86.3 673.1 S007233.0 0.04 13.8 308.3
7 75.8 673.1 3862289.9 0.03 10.7 319.0
il 65.3 673.1 2865765.3 0.02 7.9 326.9
5 S48 673.1 2017659.3 0.02 5.6 3324
4 44.3 673.1 1317971.9 0.01 3.0 336.1
3 33.8 714.9 814315.8 0.01 2.2 338.3
2 15.7 1151.3 282339.7 0.00 0.8 339.1
1 0.0 847.0 0.0 0.00 0.0 339.1

¥ 11694.7 122892798.1 1.0
*k=2 b/c period is »0.55
W= 339.1
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Bays sizes vary within AC Hotel Philadelphia, therefore, an average size bay was selected for
consideration. Due to the fact that the chosen bay is guest rooms, loads are based off private

occupancy.
1 1.3 35 4 iiF 7 2 10 11 12 128
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Figure 4: Typical floor for AC Hotel Philadelphia shown above (approx. 94'x63’).

Typical Bay
(4-8, B-C)

Columns under
consideration
(B8 & C8)
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Alternative Systems

During my analysis, three framing systems were examined:

1. Non-Composite Steel Framing
2. Composite Steel Framing

3. Hambro D-500 Composite

]
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Alternative System 1: Non-Composite Steel Framing
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Table 8: Several different floor systems are compared by various factors for AC Hotel Philadelphia.

Floor System Comparison

Criteria Girder Slab (Existing) Non-Composite Steel | Composite Steel | Hambro D-500 Composite
System Info
Total Depth 10" 16" 18" 13"
Fire Rating 3hr 2hr 2hr 2hr
2 hr Fire Rating? yes yes yes yes
Lbs/ftr2 83 50 46 11
Cost/ft"2 $16.01 $11.17 $12.04 58.38
Vibrations minimal likely likely very likely
Formwark no no no yes
Considerations
Lightweight, reusable
Rapid construction & assembly . . & &
. Lightweight, formwork & rollbars,
(premanufactured), underside . ) . . . C
Pros . Lightweight increased stiffness, increased rigidity from
can be left unfinished, floor .
. o composite, plenums allow
design flexibility
for MEP systems
. Formwork needed,
Cons Heavy, expensive Large total depth Largest total depth . .
vibrations
Feasible? yes yes yes yes
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The scope of the analysis for Notebook Submission C includes an in-depth lateral force
evaluation of 230 N. 13t St. A 3D model was created in RAM Structural System to model the
lateral force resisting elements of the structure and examine how the forces are distributed to
the lateral elements. Results from RAM were compared to calculations computed by hand to
verify if the values make sense. Appendix B contains more relevant tables and visuals for
Notebook Submission C that are not included in the report.
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Figure 5: 3D model of AC Hotel Philadelphia created in RAM

Structural System. Certain elements of the building that do not have

an impact on my investigation were not modeled.
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Figure 6: 3D representation of AC Hotel Philadelphia
provided by Holbert Apple Associates.
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Lateral Resisting Elements

The lateral system for 230 N 13t™ St. is made up of eight braced frames spanning 13’ to 20’ in
both orthogonal directions. They are positioned in a configuration that keeps the COR towards
the center of the structure which helps reduce eccentricity. Since braced frames are the most
rigid steel lateral-resisting element, fewer frames are required which allows more spatial
opportunities for the architects’ floor layout.
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Figure 7: Typical floor plan showing all of the lateral resisting elements. BF 1-5 are concentric braced frames, BF-6 is an eccentric braced
frame and BF 7-8 are regular braced frames.
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Modeling Approach/Assumptions/Constraints

To model AC Hotel Philadelphia, RAM Structural System was selected. The modeling process
began with establishing the grid coordinates for the building as per the construction drawings.
Once the grid was in place, the various floor plans within the building were modeled (Level 1,
Level 2, Level 3, Typ. Level, Penthouse Level and Roof). Only columns supporting the braced
frames were considered to be lateral columns, all others are gravity columns. To help simplify
the model, only beams that had impact on the lateral resisting elements were modeled. It was
also decided to not model the cellar level (beneath grade) because the amount of time it would
have taken to model does not compare to the minimal amount it would have changed the
results. Once the structure was modeled, member sizes were assigned to all of the lateral
beams, columns and braced frames. Surface loads and line loads were then applied where
appropriate, and mass dead loads were inserted in place of the mechanical equipment and any
other substantial loads (i.e. pool on the second level). After the loads were imputed, the fixity
of the members were applied. For beams and braces, a pinned connection was chosen for the
major & minor axes, and fixed for torsion on each end. The columns are all fixed connections
with the exception of the bottom of the columns at the base of the structure, where
minor/major axes are pinned and torsion is fixed. As a way to reduce the amount of errors in
the building model, the “integrity check” command was ran at least one time per floor. This
made it much easier in the end since locating an error on an individual floor is much easier than
finding an error within the whole building. To allow forces to be distributed into the resisting
elements, nodes in RAM were released. It is important to keep some of the nodes connected,
otherwise complications will arise within the program. While modeling, the following
assumptions were also made for simplification:
e 6" slab edge overhang
e Dissymmetrical beam conversion (D-beams not available in RAM)
o DB8x37=W8x35
o DB8x61-W8x58
o DB8x65=W8x67
e Only modeled (2) stair openings & (1) elevator shaft opening
e BF-6(3’3” on both sides)
e Beams considered rigid for frame rigidity calculations
e Diaphragm for all levels considered rigid
e Extra beams/columns inserted where necessary to avoid complications within RAM
(these do not affect any output numbers)
e From the Penthouse level and above, there is a curtainwall/terracotta rain screen
system, so the value of 27.5psf was reduced to 15psf for the dual system
e P-delta effects are included for RAM analysis

]
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COM & COR

The center of mass (COM) and center of rigidity (COR) were calculated both by hand and by
RAM for the typical level in the building. Both the COM & COR varied from floor-floor, but the
variation was minimal, so evaluating Level 4 is a reasonable approximation for the entire
structure. The following diagrams illustrate the approximate rigidities of the braced frames.
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FRIMES

The values above seem reasonable because the COR was found to be in a location that lies in
the middle of all of the LRE (Lateral Resisting Elements). The COM was found to be near the
center of the floor which also makes sense because the floors do not contain any elements

which would drastically move the COM from the middle. Detailed spreadsheets for COM and
COR can be found in Appendix B.
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Direct Shear & Torsional Rigidity

When analyzing how lateral loads find their way into buildings, it is important to keep in mind
that load follows stiffness. To find the direct shear in each lateral resisting element, this
proportional distribution of forces was applied and the results can be found below. Torsional
shear takes into account the amount of eccentricity the building experiences. Larger
eccentricities occur when the COR is not near the COP (which acts at the middle of the
structure). In the specific case of AC Hotel Philadelphia, both hand calculations and RAM found
the COR to be within one foot of the COP, which explains why the torsional shear is miniscule.
Results for torsional shear can also be found below. Full results and calculations can be found
in Appendix B.
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FACT THAT COP&RCOR ARE EXTREMELY QLose.

]
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Wind Load Comparison

Table 9 and 10 below are tabulated wind pressure values for the various levels of AC Hotel
Philadelphia. Minor differences in pressures are due to the elevation they were analyzed at.
Hand calculations were analyzed at each floor and RAM uses mid-floor elevations to do so.
Hand calculations include the elevator roof which was not modeled in RAM. The largest
variation in calculations is in the building period calculation. Hand calculations yield a building
period of 1.55s compared to RAM’s calculated building period of 2.46s. The reason these
values vary so greatly is the fact that in ASCE7-05, section 12.8.2, it states that it is permitted to
use the approximate building period, Ta, for the fundamental period, T for hand computations,
while RAM actually solves for the fundamental building period.

Table 9: Tabulated wind pressures calculated by hand Table 10: Tabulated wind pressures calculated by RAM values
for various heights for various elevations.

Story z[ft] | kz |qgz[psf] Height Kz Kzt qz
Elevator Roof 191.02( 1.19| 20.97 ft  qleeward (gh) = 20.96 psf psf
Roof 18.00) 117} 20.62 17538 1160  1.000  20.451
Penthouse 163.25| 1.13 19.92 165 34 1.141 1.000 20 109
Penthouse Deck | 163.00| 1.13 15.92 148 _qg 1 ].D? 1 DDD 19 _quq

14) 149.25( 1.11| 19.56
13)138.75( 1.09| 19.21
12(128.25( 1.06( 13.70
11| 117.75( 1.03 18.21
107.25( 1.01| 17.80

133.59 1.073 1.000 18921
123.09 1.049 1.000 18483
112.59 1.022 1.000 18.018
102.09 0.994 1.000 17.521
e 91.59 0.964 1.000 16.986
26.25| 0.96 16.99 §1.09 0931 1.000 16.406
7575 0.91|  16.09 70.59 0.895 1.000 15.768
65.25| 0.87] 15.33 60.09 0.854 1.000 15.059
54.75| 0.83| 14.63 49 59 0.809 1.000 14.255
44.25| 0.78| 13.75 39.09 0.756 1.000 13.318
33.75| 0.72| 12.74 28.59 0.691 1.000 12.180
15.66| 0.57| 10.05 18.09 0.606 1.000 10.687
ol 0.57[ 10.05 0.00 0.575 1.000 10.130

=
=

=R W s L G ] GO LD
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Applied Story Forces (N-S)
Table 11: Hand calculations showing the applied story Table 12: RAM output showing the applied story
forces in the North-South direction. forces in the North-South direction.
Force Level|Force [k]
FER 13.5 Level I_g lcrf)i
R 36.9 Roaf 175.38 1292
P 23.4 2-
FPD 18.2 Penthouse Level 165_34 32.28
F14 31.2 Level 14 148 59 37.66
F13 26.7 Level 13 133.59 2974
F12 26.3 Level 12 123.09 2412
F11 25.9 Level 11 112.59 2376
F10 25.6) Level 10 102.09 2338
9 25.1 Level @ 91.59 2297
8 24-9 Level 8 81.09 2253
F7 24.2 Level 7 70.59 22.04
F6 235 Level 6 60.09 2149
i s Level 5 49.59 20.87
F3 2.1 Level 4 39.09 20.08
P2 30.8] Level 3 28.59 21.02
F1 14.3 LEVEI 2 18.09 28-?7
Total 444.8 -
36293
Applied Story Forces (E-W)
Table 13: Hand calculations showing the applied story Table 14: RAM output showing the applied story
forces in the North-South direction. forces in the North-South direction.

Force Level|Force [K] Level Ht Fx
FER 9.5 ft kips
FR 26.1 Roof 17538 7.38
FP 16.7 Penthouse Level 16534 2055
FPD 13.0 Level 14 148.59 24.63
IRk b Level 13 133.59 1942
F13 191 Level 12 123.09 1573
Ei iz‘; Level 11 112.59 1547
- 13:5 Level 10 102.09 15.20
= - Level 9 91.59 1491
rs 18.2 Level & 81.09 1459
6 17.4 Level 6 60.09 13.86
5 171 Level 5 4959 13.42
F4 16.7 Level 4 39.09 12.87
F3 22.2 Level 3 2859 13.57
F2 24.3 Level 2 18.09 22.08
F1 11.3
Total 326.1 T 23792

After analyzing the story forces, it is easy to see that my hand calculations yielded slightly
higher forces at all elevations which results in a much larger overall force in each direction. All
though my forces are off, they are proportional, therefore, the error is most likely from not
distributing the pressures correctly to each floor by tributary height.
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Seismic Load Comparison

Seismic load calculations varied significantly from my hand calculations to the results RAM
produced. The main reason my hand calculations found a building weight much greater
(approx. 3000k) than RAM is due to the fact some members in RAM were not modeled because
it was not required to have a full 3D model for the assignment. Also, as noted in the wind
calculations above, the building period used for hand calculations was nearly double what RAM
used. With this said, AC Hotel Philadelphia was designed with a base shear of 92k compared to
84.4k from RAM which is reasonably close. If the two changes were made in the 3D RAM
model, the results in Table 15 would be much closer to what they should be.

Table 15: Hand calculations showing the applied story Table 16: RAM output showing the applied story forces in
forces in both orthogonal directions under seismic both orthogonal directions under seismic conditions.
conditions.

Story hx [t] Fx Level Ht Fx
Elevator Roof 191.0 8.5 ft kips
Roof 181.0 23.4 Roof 17538 12.00
Penthouse 163.3 45.2 Penthouse Level 16534 14 84
Penthouse Deck 163.0 44.2 Level 14 148.59 11.87

14 1433 42.4 Level 13 133.59 954
13| 1338 35.8 Level 12 123.09 8.09
L = s Level 11 112.59 680
o irs 58 Level 10 102.09 5.60
12 12;:: i;: Level 9 91.59 453
2 262 18 Level 8 £1.09 358
; S 107 Level 7 70.59 2.72
- _-— o Level 6 60.09 1.98
o sasl  se Level 5 4959 136
a4 44.3 3.6 Level 4 39.09 0.85
3 33.8 2.2 Level 3 28.59 0.40
2 15.7 0.8 Level 2 18.09 0.24
1 0.0 0.0
Total V= 339.2 8442

]
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Controlling Load Case

After analyzing both wind and seismic forces on the building, wind was determined to be the
governing load case. Hand calculations show much higher values for seismic conditions, but
knowing why the values vary so greatly from RAM verify that wind will control. This was also
verified by looking at the overall geological location of the build site (Philadelphia, Pa), and
realizing that wind would most likely control on the East coast. Therefore, the following checks
will use values from wind conditions to verify the lateral systems and the members that
comprise it.

Lateral System Checks
Allowable Drift

h  191%12

Allowable drift = 200 200

= 5.73"

Actual maximum drift (from RAM output)
= 4.74" @ Roof Level < 5.73" therefore ok V'

Figure 8: Deflected shape under wind
conditions in the N-S direction.

In ASCE7-05, Figure 6-9, design wind load cases are presented. Of the four cases, case 1
controlled which is a “full design wind pressure acting on the projected area perpendicular to
each principal axis of the structure, each axis considered separately.” In RAM, this is equivalent
to wind case 2 which analyzes the building in the N-S direction. This makes sense because the
building is shallower in the N-S direction, allowing larger overall drift values. The largest drift
due to seismic activity is only 1.71” at the roof level which also confirms that wind controls over

seismic. Table 17: Displacements due to wind for the Roof level of AC
Table 18: Possible load cases considered in RAM. ) Hotel Philadelphia.
Level: Roof, Diaph:1

LOAD CASE DEFINITIONS: Center of Mass (). (52.81.49.35)
W1 Wind Wind IBC09_ 1 X LdC Disp X Disp Y Theta Z
W2 Wind Wind IBC09 1 Y w1 ; »11;; ) 1{99’[; . 005?3
w3 Wind Wind IBC09 2 X+E L2 o PR Popeco
W4 Wind Wind IBC09_2_X-E w3 220485 0.02072 0.00040
W5 Wind Wind_IBC09_2_Y+E 2 252254 021027 0.00281
Weé Wind Wind IBC09 2 Y-E w5 0.19036 3.72507 0.00204
w7 Wind Wind IBC09 3 X+Y W6 -0.22885 3.39099 -0.00242
w§ Wind Wind_IBC09 3_X-Y w7 2.38944 3.67803 0.00141
W10 Wind Wind IBC09_4_X+Y_CCW o e i Pysin
Wil Wind Wind_IBC09_4_X-Y_CW Wit 157837 277151 000124
w12 Wind Wind_IBC09_4_X.Y_CCW Wiz 206355 338544 000393

]
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To keep values comparable, inter-story drifts were evaluated for the same wind case (case 1)
that controlled the design (N-S direction). Note that the actual drifts are compared to h/400
drift for all building level elevations

Drift Comparison

2

5 EE B

—a— Allowable Drift

i A Ctual Drift

Building Elevation [ft]
=

o B EZB B

0.0 1.0 20 3.0 4.0 5.0 £.0
Total Deflection [in]

Figure 9: Actual drift compared to allowable drift (h/400) for various elevations of AC Hotel Philadelphia

Table 9: Displays whether or not each level meets the drift criteria.

) Total Drift @ | Allowable
Elevation ) ) Acceptable
Level if Particular Drift e
Level [in] | (h/400) [in]

Roof 181 4.74 5.43 yes
Penthouse 163 1.44 4.89 yes
14 149.25 3.87 4.48 yes
13 138.75 3.35 4.16 yes
12 128.25 2.99 3.85 yes
11 117.75 2.63 3.53 yes
10 107.25 2.28 3.22 yes
9 96.75 1.54 2.90 yes

8 86.25 1.61 2.59 yes

7 75.75 1.3 2.27 yes

6 65.25 1.03 1.96 yes

5 54.75 0.77 1.64 yes

4 44,25 0.55 1.33 yes

3 33.75 0.36 1.01 yes

2 15.66 0.22 0.47 yes

1 0 0 0.00 N/A

In the table above, all of the levels meet the drift requirement of H/400.

]
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Member Spot Check for Lateral Loads

The area under consideration is a typical level (level 4). Elements under consideration are
marked. BF-1 was selected because it resists forces in the N-S direction which is the axis being
considered for lateral forces, making the braces in that direction more critical.

¥ iE i [ (T [l ¥ 1] | . ] 138 1l

]
1—‘Q1‘-_ 5
& :
i
BF-2
BF-3
B4
—

R &
L To [ 11 ® - ;‘—f ™ 7
ol B S U= =) U4 & [F
' D ! 1 D ol
: s | ) -
@—J = - - =
£ 0 ]
'4&__| b ik !
o =1 % et — i P | - 1%»- Ly VIT‘L T:”
é L ‘i\ £ | HIE |
T flmm—
{a : 1 e I q '_?3
e I.E h?-.:l""" T I £ ] —1.] E ™Y s on ‘5’" -
| | | | .
NI 1 IR

Figure 10: Typical floor plan revealing lateral elements/locations and the braced frame being studied.

BF-1 (Column line 3, spanning B-C)
Column: W14x211
Beam: W14x26

Brace: HSS 6x6x1/2

]
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[
_ NOoEgooksug, € | MEMBER <O CHECkS

| COLUMN CHECK:
. T COLUMN -3 on LEVELM: Wil

P=48.8k — P QUE TO LRAVITY LoADS
Mrevs.2 k&t
Mry = -0.15 kft
A= (1537(145)= 1834t> 4400 ; Not REDUCIGLE
DEAD LOADS: LIWVE LOADS:
¥ - TP FLOOR =A§PSF -CORRIDOR * (VORSF s MRTITIONS
i -EXT. LREEN RooF ¢ GRSF ¥ = (AUBST ROOM =4 O FSF +10 = SOPSF
{ = AINT, LREEN ROOF = 12805 ¥ -~ ROOE (L-ARQE M) = 1 0O RSF
SNOM LOAQ = 18PsF
CONTROLLING LOAD (OMBINATION (VERIFIED \w/ RAM ¥ ):1.20¢ L6 L*0.5 g
) rie] 11L6(s0)10.5(100) (182692 2L 3k = b
6

Moyt (s 3) = 85 Frk
| Moy = 16(-008)= 034 6k

3 [ STEEL MANVAL A$PENDIY 7) TN SRACED FRAMES <~ k=1.0
Lp=10.8" -\ FOR STEEL MANVAL gMELIATY

CTABLE G- 1] FOR Wil ;
0= o.3gnto™
byr 0.608(0"*
b’ (D0
pPe = (038T10*) (262)= 0,102 <0 2L

PetbxMn ‘L‘(Hr‘/
= 0,00+ (0L08x 07 )(8:5)* (1204107*)(D.24) = 0.108 4 1-O .- AcceriniLE

EAM .
LEVEL Y4 SPANNING FroM B-C (\Wwidxib)

FROM RAM: Mune=ISIKFT

COMROLLING COMBINATION = [ AD+0.SL*O.SLe

~ ‘ FROM RAM: fu=grlok (ONBEAM) ©Pn= 3ok
; Muxz1.53IRFT O Mav ISOISKFT
! Aoy o0 kFT onm";um‘q

= L. . M L] . Ls—é 03— — *
%-;"—-‘-o.m, m-n.:-&:.q .,_“.'*“_’3» 0.24 f{m v 22):0281 & AccEFARLEY
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NOTEROOK SUR C. MEMBER CHECKS Cowr. 14?3
RRAE € HE(K: WSS Grox'f
LSTEEL MANUAL TARLE S°5] CONTROLLING LOAY (ASE? 1.OW

FOR HSSExbx'-t  YIELDING - B Pn= U0k
RUPTURE - &Pn = 3(8k

FROM RAM ORBUT = TOTAL STORY CHEAR @ LEVEL- Y -3, Tk J4mAMES s SO Wrme

Ws 8ok —> - 7~ -
- y s
i Y
o ‘Sﬁ los’
b‘% A
7%&7 c_$5‘ \\ ! -

ASSUME TEwnSioN MEMBER RES(STS FULL LOAQ

- FORCE \N TENSION MEMBER = 8O k=Feos®
BO = FasSOS
F=lat

Gk €233k evOd ko BRACE 18 AQEQUATE

]
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A member analysis check was run in RAM which reveals whether or not member sizes are
adequate under various load combinations. The code used to check the members is AISC360-
05 LRFD. The results are found below.

[‘Colar Sca[e_.E

I < 0.40
0.40-0.439
0.50-0.59
0.60-0.63
0.70-0.73
0.80-0.63
0.90-0.94
0.95-1.00
»1.00

Show W alues

| Cloze |

Figure 11: RAM model displaying individual member stresses. This
feature allows the user to see which members are failing under loading
conditions and by how much.

The color scale to the right shows the % capacity each member is experiencing under loading,
with red meaning that the member is failing. With this said, it should be noted that all of the
failing members are at 101% capacity, therefore, since approximations were made during the
modeling process, all members are considered adequate for analysis purposes.

]
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D-Beam® Calculator Reference Tool Version 3.1
(Load & Resistance Factor Design - AISC 14th Edition)

Moncompaste Moment oK
M= 0.5 kip-t
By = 1375 kip-#t
LRFD (14th Ed) e e i
= 26.4 kips

Advisor | Heather Sustersic
Structural

Design Checks - Noncomposite

] Eme £

C+-Beam®

T Ear isio Siress

oseamt pen s m e

Composite Saction EMective W E

Dasign Checks - Full Compaosite

el 2 e Fivfel

E t
T‘J’tgl'r':u’.lﬁ‘ '\\i_l‘lh‘b'h:!i: 175 bid Floor LL Ceflection Allow. &, = L350 oK
Az 041
Meomingl SapTricenazz=[ sin. | Lasn= 0.82 in
P st Slab Weeisht =| 38 o=t Full Composite Moment oK
M= 123 wiptt
Liniz h\'\:ﬁ'\’. of Grout =| 140 Hired M = 165 kiptt
Flequral Ductility Chack oK
LI — 0.010852
= 0003448
Sheas | oK
Unfaciored Loadk V.= 333 kips
Basic Cend Load [D-B2am® = Siab+ Grout) 2 %] st ez 38.2 kips
Add'l Compesite Daad Load [= 2, topping] 23 ps?
Partition Live Losd =| 40 ot
Basic Fioor Live Lo 40 st
Consider Aoor Live Load RE!JﬁF'! j1ec aIG.'ZJli !'u CROSS SECTION ANALYSIS IS
Floor Live Load Reguctio FEFE VALID

Basic Dead Load Mormeni

Aoor Live Load Momen

Teeal Fackorad Momsant

| = ——
Factored Shears

Easic Desd Losd Snear =
Add Compas? a0 Losc Snear =

[optional] D-Baam®™ Camie m
Basic Dend Load Deflectio 211 n
et BasiciDend Lose Defisction incucing Camber = .85 n
Acief| Composite Desd Load Deflection = 034 n " —
jon Live Load Deflection = -0.13 n Saction Proparties 22
Floor Live Load Deflection = 0.4 n Full
[Defisction dus to 2l londs = -173 n | Nencampaste | | ‘Composite
n 3n £10
in® 131 400
in" ao.8 7.8
in” 74 126
in® 1.2 -
[Elastic {Cracked] Sectian Properties
n - 34
Iy in" - 57
in® —- 224
Srep. in” - 1082
| Effactive Momant of Inartic (for defiection calculations]
** Elastic and plastic section maduli {5 and Z, respectively) are bazed on entire crass saction [ | 13 I I EEL]
being transformed into the parent beam (D-Beam bottom tee} material. | Effective Plastic Section Propenties
FHtan] in 0.Es
z | in .67
Basic OL [Bede]
Lead Resstad by Each Adei Come, DL
Cress Seciian Partithen 1L
Fam il
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D-Beam® Calculator Reference Toal Version 3.1 Design Checks - Noncomposite
(Load & Resistance Factor Design - AISC 14th Edition) Oy E—— I or
150.2 kip-ft
195.2 kip-ft
LRFD ( 1dth Ed} Hiorzonial Shear | oK
W= 484 kips
v = 34.2 kips
=] B £
C-Ezam™
C-Beam® = DEEST |
Parent Besm Yisig Stress o ksi
'o:hs_ar'rizc Sires 30 ki
IE-MnInfur'rutm
D-Beam® Span =|I|‘t . .
Compaosite Section Effactive W E kid Design Checks - Full Composite
T:‘tgl‘r':v;n'\"-.&ﬂ:‘.‘b‘l:n:: 7.3 lid Floor LL Defiection Allow. &, = /]380 | oK
Pracast Slabi 03
Fomi Sebhcsr‘us: .80 in
Frecass finn st 38 ot Full Composibe: Moment oK
Grout a2 wpft
Linit t\.‘eﬁ'\r. of Grout =| 440 =t 157 kp-t
Flaxural Dudtility Check
B sl e e imtion =
Shesr OK
L e Loemls W= a7 Li|:s
Easic Dead Lomd [2-Seam® = Sisb + Grout] = £2.% et V= 725 kips
And’ Composibe Deac Load {2 . toppin, 23 st
Partition Live Load = 3 st
Easc Fioor Live Load = 40 o
Consider Floor Live Load Redution {1BC 2008,/2012) = Vag
Fioor Live Load Reduction = 23.2%
ﬁiiﬁﬂiﬁ'ﬂﬁ Logd = E‘ et —
Basic Desd Load Moment = 40.25 54,50 kip-ft
4412 37.80 iip—".
i) 20,15 Iiip'".
oD §1.50 kip-f
ﬂ-l._B!- 54.35 kip-ft
[Factoren shear 120 1071 6L
ic Dend Losd Shear = 1237 13.73 kips
Add Compo: end Load Shear = T35 E3D kips
Fariition Live Long Snear = 0.0 338 kips
Fioor Live Losd Shear = oo .3z kips
3172 3973 kips
[optional] D-Bzam®™ Cambe n
Basic Dend Load Deflectio -1E7 m
Met Easic Dead Load Deflsction incuding Camber = 042 n
= 0328 g - o e
= . n Section Properties
Fioor Lve Lazg Deflection = <033 n | b posite | | Full
Total (Het) Ceflaction dustoall losds = -113 & ‘Comp
Gross Section i
| r 153 £ 100
I' inf 165 436
SoiE in’ 3.7 114.2
Sepca in’ 3.3 114.0
Dy in 125 -
Elgstic [{Cracked] Section Propartics
LT T - Aol
1, ini - 48
Socza in' - 52.3
Sapa in’ - 1184
Effective Momant of Inertio (for deflection calculations]
** Etastic and plastic section moduli (5 and Z, respectively] are based on entire cross section Ly [ i | i85 I I 402
being transformed nto the parent bezm [D-Beam bottom tes) materizl. Effective Plastic Section Frapanties
Flgen] T 088 540
Z in' 4245 7526
Base OU [Befed)
Load Ressted by Each A | Comg. DL
‘Cross Section Fartitien Lo
P Ll
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D-Beam® Calculator Reference Tool Version 3.1 Design Checks - Noncompasite
(Load & Resistance Factor Design - AISC 14th Edition) Y I o
M= 1105 kip-ft
B = 150.3 kip-ft
LRFD ( llq'th Ed) Hiorizonial Shear I oK
W= 1B.4 kps
= 33.5 kips
=] ame /Job £
C-Beam™
Ceeam®=[ DEEEL |
Parent Besm Yieid Stress [F ) = 2 ksi
T Bar Yisd Strass [5) = 30 ksl
IE-nanIrfur'mtnn
C-Bzam" Span =|I|‘t . .
Composite Section Efective Wicth = E it Design Checks - Full Composite
Total Triowisny Width for Load = 179 ot Floor LL Ceflection Bllow. &, =|-."|55'Z- | ox
A = 0.3
Fomingl Sab Trickness=| &in. | L/3E0 = -0.B0 in
Fre t= 38 o Full Composits Moment oK
M= 145 kiptt
Unit n.'\.'\es'c of Grout = 140 it = I58.4 kiptt
Slaxural Ductilisy Chack |
Barcl wae wenimtion =
I, =
Shesr oK
| T v, = 385 g
EBasic Desd Load [C-B2am® = Siab+ Grout) = E2.7 ot V= 79.3 kips
Agd' Compesite De=ac Load (= . topping) =| 23 ot
Fartition Live Load = a0 ot
EBasic Fioor Live Load = 40 ot -
Consider Aoor Live Load RE:‘..I‘ﬁI.:ﬂ llec 21:-3&.'321.11:|= Yes CROSS SECTION ANALYSIS IS
Elaor Live l:n:l_‘xfcl.n:l:m: 2:;25& VALD FLEIDY
b A Eli i
Emmm:nu 120 L2Drlsl
Basic Dead Load Moment = 110,54 24.75 kip-ft
Add| Composite Desd Losd Moment = 44,10 37.80 kip-ft
Partition Live Load Moment = oo 045 kip-ft
Foor Live Load KMoment oo 51.50 kip-ft
Total Factored Moment = &5: 21d.51 kip-ft
[Facored shears 140 12041 6
EasicDesd Loz Snear = 1242 13.73 kips
&3 Composite Dead Loac Snear = 7.33 £.3D kips
Fartition Live Losc Snear = oo 3.35 kips
Ficor Live Lozd Snear = oo .3z kips
Toral Factores Snear = 13.77 33.77 Kips

Cexflaschones jn brie walues indicabs downwesnd defiaction)

[optionel] D-Besm™ Camber = m
Basic Desd Load Deflection = -130 m
et Basic Dead Lozd Deflaction inciucing Camber = -0.23 m
Al Composite Dead Load Deflaction = -0.28 [ . - am
Partition Live Load Deflection = 011 m Section Properties ==
e | ereomese | | compes
et} De o b = 0.58 ;
Gross Section Propertias
Na ]| im 322 207
1y ini 188 453
S i in’ ®E.2 114.3
Sepsa in’ 35.2 1183
S iw in 2D -
Elzstic {Cracked] Section Properties
-= 308
-= 332
-= 52.2
-= 10,4
Irartio (for deflection calculations)
** Elastic and plastic section moduli (5 and Z, respectively) are based on entire cross section 122 I I 405
Jbeing transformed into the parent beam [0-Beam bottom tee] materizl. Wm‘:mm?:“ =
073 7236
Basc 0L |Bedadi)
Lead Resistad by Each Astef | S, DL
Crosz Section Partitien L4
P LL
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Desien PrNCIPLES AND GaLcuraTions - SiaB DEsien
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Table 1 - Slab Capacity Chart (Total Load in paf)

SLAB d MESH SIZE 4'-1 1/4" JOIST SPACING
THICKNESS (f) F, = 60,000 pei Exterior Interior
te 212" BRBW2.0mW20 114 123
-
1.687 BrBW2.0mW29 187 172
Mo chair 6% BW4L0wW4D 210 230
t= 3" with o 24" BnBW2ow W20 208 226
- T
1/2° Rod ii 6% B6WL0RWAD 279 306
[shop weldsd to top chond)
t=3qf2" o 26" BrBW2enW2o 256 280
with 2 1/2" ii 6% BW4L0wW4D a7 380
Chair

Mota: Slab capacities ara bazad on mesh over joists raised as indicated.

———r D ? f‘f
\\\_

—
A E)
Spacing Sz " Bpacing 5 |J
Le o Lz o
Fig. 2
] a
HAMEBRO"
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DesieN PRINCIPLES AND GALCULATIONS - SLAB DESIGN
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TABLE 3 - Concentrated Loads with 4°-1 1/4" Joist Spacing

CONCENTRATED SLAR MESH SPECIAL
LOAD THICKNESS SIZE REMARKS
Bx6-W28 Extra layar @ (1)
"
21/2 Bxa-Wa2e Single layer throughout
but 5, = 3"-10" =L Mo
2000 lbe. on 2'-6" BxB- W2 Extra layer @ (1) and (3 “chairs™ on
BOUERES BreE
(office building) a" B 8- W20 Single layer throughout a[
but By = 4'-07 mast.
Bxa-Wa2e Single layer throughout
2600 Iba. on 2'-5" * Bx6- W28 Extra layer @ (T) and (2) No
SOUARS BFE 3" “chairs” on
plua 27 asphalt BxE-Wa2a Simgle layer throughout
waaring surface but Sy = 2-107 s
" 6x8- WD 8, =4'g"
4000 Iba, on 35" 21/2 N
‘squars area Bx 8- W20 Extra layer @ (1) and (3) “chairs” on
[office building 3"
for some codes) BxE-Wa2a Simgle layer throughout
but 8y = 2'-10" M

* Some building codes use differant bearing areas.

TABLE 4 - Concentrated Loads with 5°-1 1/4" Joist Spacing

CONGENTRATED |  SLAB MESH SPECIAL
LOAD THICKNESS SIZE REMARKS

2000 Iba. on 2'-5%
SCMEFS BFeE 3" 6x6-W2o Extra layer @ (1) and (3)
(ofice building)

4000 Ibe. on 3°-57
QAT Area a" 6x 8- Wd.o Extra laysr @ (1) and (Z)
foffice for some codes)

o o
 nvEE g
3 3

CoNCRETE Mix

Top size of the coarse aggregate should not exceed 3/4™ or as
dictated by applicable codes. A slump of 4" is recommandad.
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VERTICAL SHEAR (WEB DESIGN)

The vertical shear forces are assumed to be camied entiraly by
the waeb member, forces baing calculated using the corven-
tional pin jointed truss analysis method. Thess assumptions
rezult in calculatad bar forces which have baen shown by tests
to be as much as 15% higher than the actual values because
the =lab, acting compositaly with % section, is stiff enough tao
tranamit some load directly to the support. This iz particularly
true of web members at the joist ends - those which are
subjected to the highest vertical shear.

=0 ] p

EFFECTIVE LENGTH
OF COMPRESSION DIAGONAL

With the web member forces calculated as below, the bar
=actions are sized to prevent failure in either axial tension or
axial comprazsion using conventional working stress design
procadumes. As per AISC specifications fig. 7 is used as a
reference in determining the effective length, k, of the
compression diagonals.

It iz important to note that the web members are sized for the
specified load capacity including concantrated loads whera
applicable. Furthermore, the webs are designed according to
the latest requiremeants of the Steal Joist Institute.
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“n” Continuous pansls N N
l [Clear span - 1/27) __ .
MOTE: Wy for longer epan,
Fig. 7
DE00™ and MD20002 Geometry
WEB GEOMETRY (in.)
NOM. DEFTH “d™ M, P, P2, [ P
B, 10 6@z 6@ 16 12 | 20
12 10 @ 16 0@ 16 24
14,18 16 @24 16 @32 20 | 24
18, 20, 22, 24 10 @24 10 @3z 24 | 24
LH] ]
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TABLE &: D500™ Clear Span Table

Residential Commercial
Shab 3 312" 4 3" e
Thicknass
Joist LL =40 psf | LL =40 psf | LL =40 psf | LL = 50 psf | LL = 50 psf
Dapth* | DL=85psf | DL=71psf | DL=77 psf | DL =86 psf | DL =77 paf
8" 20 - 0" 20"- 0" 20 - 0" 207 - 07 20" -0
10" 25 - 0" 24" - " 23 - 8" 25 - 0" 23" - 6"
12" an’ - o” 27 -0 26 - 0" an’ - o” 26 -0
14" al"-o” 20" - 6" 28" - 0" ar-o” 28" -0 c 8 Top or s "
16" a3 - 6" az' -0 av-6" | a3 -6 ao - 6" E’%EE_EE
18" 38 - 0" 34 -o" ag-g" 38 - 0" 3z -g" (=50
20" a8 - g" 36" - 0" a4 -g" a8 - §" a4’ -g" 4
297 4 - g as’ - 6" a5 -6 40" - 6" a6 - 6" EEL
24" 43 - " 40" - 8" 38’ - 0" 43 - " 38" -0 o
*Total floor depth = DS00™ Joist depth plus slab thickness E
MNoTES:
# Minimum slab thickness = 2 12" * Standard spacing is 4°-1 14" # Dasign clear spans, other than those
* Minimum top chord cover = 1™ * Live load deflection design standard: shown in the above table, requirs
» F°_ = 3,000 psi, F_,, = 50 ksi L7360 add_rtmna] st'n.mljral rammv y
* Dazign > 43" - 0" raquire additional
+ Table reflacts uniform loads only. structural design review.

Maximum Duct Openings

TOPOF PANEL

D = MAXIMUM DIAMETER

|
=
‘b‘ R = MAXIMUM RECTANGULAR

—
s &= MAXIMUM SQUARE
DEPTH (in.) | PAMEL (in.) D (in.) 8 (in) R (in. % in.)
B 20 4 4 Br3
10 20 8 5 Twnd
12 24 8 [ Ak
14 24 ] 7 91/2w6
11%5
16 24 i0 & i01/2nE1/2
1385
18 24 11 a1/2 117
121/2w B MOTE: For othar configurations, the
20 24 11 1/2 a 1287 rmsstirmum lirnits will be defined
13w B by the joiet gaomedtry.
22 24 12 a1/2 12w 8
14w B
24 24 12 1/2 10 13K 8
14w 7
m 1

Bepres dmammren Tl dgrasm
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System Element Unit | Unit Cost| Cost/SF
Precast Hollow-Core
. . $10.40
Girder Slab Plank (8" thick)

DB8x61 (W8x31) LF $49.08 $5.61

$16.01

W12x16 LF 528.51 $6.52

Non-Composite W12x26 LF $43.01 $3.58
2.5" NW Topping CF $3.96 | $1.07

$11.17

W10x22 LF $39.35 $6.75

. W14x30 LF $48.40 54.03

Composite .

2" NW Topping CF $3.96 $0.99

Weld Studs per stud| $1.52 50.27

$12.04

Steel Joists LF 511.44 $3.27

3" Concrete Slab CF $3.96 52.61

Hambro D-500 Formwork SF 51.87 51.87
Weld Studs perstud| $1.52 S0.43

Wire Mesh SF $0.20 $S0.20

$8.38

]
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Appendix B

Element Member |#of members | Weight/ft [ Length [ft] | Weight[Ib] | Total Weight [k] Dista:r:[:;]FrnT[FI:]atum WX WY

BF-1 Wi4x211 2 211.0 10.5 44310
Wildx26 1 26.0 17.3 443 8 5.2 13.1 54.5 76.4 318.1

HSS Bxbx1,/2 2 35.2 136 557.4

BF-2 Wil4x211 2 211.0 10.5 4431.0
Widx26 1 26.0 17.3 445 8 5.8 229 545 1337 3181

HES BxBxl1/2 2 35.2 13.6 557.4

BF-3 Wildx211 2 211.0 10.5 4431.0
Wildx26 1 26.0 17.3 4493 5.8 70.2 54.5 409.8 318.1

HES Bxbxl/2 2 35.2 13.6 557.4

BF-4 Wil4x211 2 211.0 10.5 4431.0
Wildx26 1 26.0 17.3 443 8 5.8 20.1 54.5 467.6 318.1

H55 Gxbxl/2 2 35.2 136 957.4

BF-5 Wildx176 2 176.0 10.5 3696.0
Widx26 1 26.0 19.2 4992 5.2 63.7 125 3309 64.9

HE5ExEx1/2 2 35.2 14.2 599.7

BF-& Widx176 2 176.0 10.5 3696.0
W21x50 1 50.0 19.2 560.0 5.3 63.7 227 335.1 119.2

HE56x6x3/8 2 275 11.0 605.0

BF-7 Wildx211 2 211.0 10.5 4431.0
Widx26 1 26.0 5.3 2548 5.2 12.8 63.1 97.6 3279

HESExEx1/2 1 35.2 14.4 506.9

BF-2 Widx211 2 211.0 10.5 44310
Wildxle 1 26.0 9.3 254.8 5.2 75.1 63.1 3590.0 327.9

HE5ExEx1/2 1 35.2 14.4 506.9

Floor 5lab | 8" girder slab 695.5 53.6 39.1 37243.8 27207.8
738.7 359485.0 29320.3
®(comj[f] | 534
vicomi[f] | 29.6

]
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Element Efilfercn;;tn DIH':':F[:;m RET+;E]Itum R_sx [kfin] R_y [kfin] R_x™f R_y*X
BF-1 ¥ 131 545 o 23252 00 304215
BF-2 A 229 545 [} 23252 0.0 53237.5
BF-3 ¥ 70.2 545 o 23252 00| 16332632
BF-34 A B0.1 545 [} 23252 0.0 136142.3
BF-5 X 63.7 125 2252 o 28150.0 00
BF-& X 63.7 227 1035.83 [} 235127 0.0
BF-7 X 188 63.1 1687.6 0| 1085649 00
BF-2 X 751 63.1 1687.6 [} 106564.9 0.0
Total 45975 .4 9300.8| 264792.4| 4331276
X [COR)[fE] 46.6
¥ [COR)[ft] 53.2
Element Rx Ry di dy Rec*dy Ry*dx Retdy™2 | Ry*dxr2 vt
BF-1 oo 23252 335 13 oo| 779323 00| 26120424 0.055
BF-2 oo 23252 737 13 oo| 551168 00| 13064935 0.039
BF-3 oo 23252 236 13 oo| 549719 00| 12996350 0.039 * [CORJ[R] 46.6
BF-42 oo 23252 335 13 oo| 777379 00| 26023410 0.054 ¥ (COR)jft] 53.2
BF-5 2252.0 0o 171 4an7| o564 0.0| 37304155 0o 2613
Dist. From Ref. Dratum
BFE 1035.8 0o 17.1 305 315009 00| 9535530 0o 0675 xRl iR
BF7 1687 6 oo 27.8 99| 157345 00| 1663356 oo 0.117 131 45
BF-2 1687 6 oo 285 58| 157345 00| 1663356 oo 0.117 229 545
J=| 12848351.6 |[[k/finjft*2] 37 70.2 545
20.1 545
637 125
Story Shear 22.5 63.7 22.7
e 0.4 18.8 63.1
it [icft] 9.0 75.1 63.1
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