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Project Delivery — Design Build

Introduction Project Statistics:
/Owner « 295 Freshman Students
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UNIVERSITY \

Design Builder

Balfour Beatty «~$16,000,00
Construction
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Introduction

Investigation Goals Preview of Analyses

Investigate new ways to increase job-site safety Analysis 1: Prevention through Design

Reduce injury risk for construction workers, future AnquSIS. 2: FCIQCIde Re—deS|gn TOF Fall SOfeT.y
students and maintenance personnel Architectural Breadth: Mechanical Access Points

Reduce the cost of construction while maintaining quality Analysis 3: Sfick-Built construction vs. Infinity System

Analysis 4: Green Roof Addition

Increase the awareness for sustainable design ,
Structural Breadth: Green Roof Load incurrence
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Prevention through Design
Critical Industry Research Ideas for Implementation

Prevention Through Design

Current Indusiry-Wide Issues

- Lack of risk knowledge * Raising sill height to 39"

* Lack of early collaboration/communication | Construction Maintenance m) Decommissioning Disposal / Recyclin
« Lack of contractual obligation for safety » » » R o » Prefabrication

 Raising parapet height and using flat roofs

“...the Center for Disease Control and Prevention (CDC) have * Lowering mechanical access points

ZERO HARM pinpointed in recent studies that an abundant 37% of these work Usi .
MAKE SAFETY L . . » Using low VOC materials
PERSONAL related injuries are directly caused by poor design” - CDC.gov

Balfour Beatty Construction
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Facade Re-design for PiD

Results:

* Increase job site safety

* Prevent student misconduct
» Benefits outweigh cost

« Save cost on temporary fall
protection lines

Taylor Hall - George Mason University
Fairfax, VA

A NALY SIS T W O

Facade Re-design and Implementation of
Prevention through Design

» Logical Safety improvement method given prefab structural system

* Total cost of implementation: $1 7,156.40

* No schedule impact
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ARCHITECTURAL BREADTH

A CELNG
Investigation of Mechanical Access Points
Architectural Breadth Mechanical Access Heights v —] P
_H FLENBLE Pt
Mechanical Room Floor Mounted & T — |
EC]UIpmenT 1 NEL —k— ﬁu'} __ CONDENSATE DRAN
Unit FCU Access 3' 5" 35" b
Mechanical o o _
7 8 WALL
Penthouse v vl l
4 T~ gup
« All access points considered safe (except trip hazard in pent house)
o~ !I, //.—— AITOMATIC FLOAY CONTROL YALYE
ik Kt hHaR
« All access points behind locked doors or restricted access S -l B
FCU Access pOinTS in each unit ° Considered Very “nge” design
(g \CLOSET FAN COIL DETAIL (SIDE VIEW)
\ R NOT TO SCALE z

Renderings,courtesy of Gensler
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Benefits
* No schedule change with prefabrication . . . oo
+ Fire safe construction Stick-Built Framing vs. Infinity Structural System
Stick-Built vs. Infinity System Overall Cost of Stick-Built System
Part of System Price JIOLE 2 é
Wooden Roof Trusses/Sheathing $128,240.64 \ I A
Wooden Framing $612,998.75 s * ;
Wooden Joists/Girders $1,224,596.36 Iﬂif"f"‘
TOTAL COST $1,965,835.75 <’ ltiis
Total ($/SF) $28.06 | i
Ol || St |
Location Adjustment Multiplier (78.3) $21.97 o [ = -
« Infinity Structural System estimated at $23 / SF
» Total Savings of $72,158.71
Photos courtesy of Brad Williams
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Green Roof Addition
Multi-purpose Room Green Roof

« Installation Cost of $17,696.63
1 day installation

Green Roof Addition L s

GreenRoof |, | . . 50 - year Life Cycle Cost Benefit Analysis ($/SF) ‘Internal Rate of Return*: 4.21%

P — =] Initial Cost $13.51
e ape Il N . Maintenance and Replacement $18.25 ‘Refurn on Investment™: 196%
% S B R T R RS Storm Water Reduction Savings $-| 1.37 * Not including CO2 Emissions, Community Benefits,
et : ’ or Re-Sale Value

. 1,310 SF total Energy Savings $6.37 |
» Omni-Ecosystem comprehensive style CO2 Emission Savings $2.60 TCII(eC'WCIYS
green roof for optimum weight Community Benefits $30.90 « Significantly longer life than T P O
+ Can be added post-construction " $105.93 . Educational opportunities in sus’ramobni’ry

» Low maintenance, high efficiency

Lifetime net yield of up to $182,000 of benefits
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Structural Analysis

Load Comparison
Existing Factored Load: 81 PSF

Factored Load with Green Roof: 99 PSF

Taylor Hall - George Mason University
Fairfax, VA

STRUCTURAL BREADTH

Structural Evaluation of Potential Green Roof

HSS 4x4x3/8
Column

Load Path of Green Roof

1.5" 20 GA 14K1 Series
galv. Roof Dec Joists

» All structural members can safely accommodate new loading
» No structural changes are necessary

W12X19
Girder

™\

3 ksi concrete
footing

3" Steel Pipe
Column

Structural Change

____Member | _Existing Load Allowable

Roof Deck 81 PSF 99 PSF 159 PSF
Joists 329.2 PLF 401.2 PLF 472 PLF
Girder 3.2 kips 3.9 kips 20 kips
Steel Post Column 3.2 kips 3.9 kips 16 kips
HSS Column 9.2 kips 11.3 kips 87 Kips
Sail 0.56 KSF 0.71 KSF 2.0 KSF
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Conclusion

Renderings courtesy of Gensler

Taylor Hall - George Mason University

Analysis

Facade Re-design

Fairfax, VA
Conclusion
Summary of Results
Result
Prevention through Design  Reduced risk of injury over the building’s life s/
More efficient fall safety measures \/
Cost effective solution for the D.C. area \/

Stick-Built Construction
Green Roof Addition

P

Educational opportunities and financial benefits \/
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I llation, Stor Energy COge Real Estate Community
Replacement & (Emissions, Effect (Value, Benefits
Maintenance Sequestrations Rent, (Biodiversity, Air
& Absorption) Absorption & Quality, Heat
Vacancy) Island, etc.)

Green Roof Study conducted by the U.S. General Services
Administration
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MAXIMUM TOTAL UNIFORM LOAD TABLES 3-129
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B o O o Lo Shece it LA ot - o( s
== =ik LA st s Design Axial Strength in kips ((=0.85) ERW
8K1 10K1 12K1 | 12K3 | 12K5 || 14K1 | 14K3 | 14K4 | 14K6 || 16K2 | 16K3 | 18K4 | 16KS5 | 16K6 | 16K7 | 16K9
8 10 12 12 12 14 14 14 14 16 16 16 16 16 16 16 Nominal Size 4x4 31/2x31/2
51 5.0 5.0 57 74 5.2 6.0 6.7 7.7 55 6.3 7.0 75 8.1 86 10.0 Wall Thickness 12 8 516 1/4 3116 18 /8 5/16 1/4 316 18
Weight Per Foot 2163 1727 1483 12.21 9.42 6.46 1472 12.70 10.51 8.15 5.61
825
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- | i
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Load Bearing Capacity of Standard Steel Pipe Columns

SOIL BEARING CAPACITY

TABLE 1804.2

ALLOWABLE FOUNDATION AND LATERAL PRESSURE

(36 KSI Yield)

Allowable Load in

Thousands of Pounds
Nominal Outside Wall Unsupported

Dia. Dia. Thickness Weight Column Length (ft.)*

(in.) (in.) (in.) (Ib./ft.) 6 8 10 12 14
3 3.50 0.216 7.58 38 34 28 22 16
3-1/2 4.00 0.226 9.1 48 44 38 32 25
4 4.50 0.237 10.79 59 54 49 43 36
5 5.563 0.258 14.62 83 78 73 68 61
6 6.625 0.280 18.97 110 106 101 95 89

* The above loads are the allowable loads for a column in which the load acts downward along
the longitudinal axis of the column. For other designs, such as a column with a side load
consult with an engineer for the proper size. When in doubt consult with an engineer.

Allowable Lateral Bearing Lateral Sliding

Foundation (psf/f below

Pressure natural grade)” | Coefficient | Resistance

Class of Materials (psf)° of friction® (psf)°

1. Crystalline bedrock 12,000 1,200 0.70 —
2. Sedimentary and foliated rock 4,000 400 0.35 —
3. Sandy gravel and/or gravel (GW and 3,000 200 0.35 .
GP)
4. Sand, silty sand, clayey sand, silty
gravel and clayey gravel (SW, SP, SM, 2,000 150 0.25 —
SC, GM and GC)
5. Clay, sandy clay, silty clay, clayey silt, = _
silt and sand silt (CL, ML, MH and CH) 1200 109 190
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