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Owner  Monongalia General 

Hospital  
1200 J.D. Anderson Dr.  
Morgantown, WV 26505  

Phone: 304-598-7690  
Fax: 304-598-7693  
Website: 
http://www.monhealthsys.org/  

Architect and Interiors  Freeman White, Inc.  
8025 Arrowbridge Blvd.  
Charlotte, NC 28273-5665  

Phone: 704-523-2230  
Fax: 704-523-2235  
Website: 
http://www.freemanwhite.com/ 

Civil Engineer  Alpha Associates, Inc.  
209 Prairie Ave.  
Morgantown, WV 26502  

Phone: 304-296-8216  
Fax: 304-296-8216  
Website: 
http://www.alphaaec.com/  

Construction Manager  Turner Construction 
Company  
Two PNC Plaza, 620 
Liberty Ave., 27th Floor  
Pittsburgh, PA 15222-2719  

Phone: 412-255-5400  
Fax: 412-255-0249  
Website: 
http://www.turnerconstruction.
com/ 

Geotechnical and 
Environmental Consultant  

Potesta Engineers and 
Environmental 
Consultants  
125 Lakeview Drive  
Morgantown, WV 26508  

Phone: 304-225-2245  
Fax: 304-225-2246  
Website: 
http://www.potesta.com/  

Mechanical, Electrical, and 
Plumbing  

Freeman White, Inc.  
2300 Rexwoods Dr., Suite 
300  
Raleigh, NC 27607  

Phone: 919-782-0699  
Fax: 919-783-0139 Website: 
http://www.freemanwhite.com/ 

Structural Engineer  Atlantic Engineering 
Services  
650 Smithfield St., Suite 
1200  
Pittsburgh, PA 15222  

Phone: 412-338-9000  
Fax: 412-338-0051  
Website: 
http://www.aespj.com/  
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Figure B 1: Hospital Divided in Four Quads 

 

 

Figure B 2: Cross Section of the Monongalia General Hospital 

 

 

 

 

  West Section 

 

 

 

 

  South Section 
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Figure B 3: East Elevation of the Monongalia General Hospital 

 

 

Figure B 4: South Elevation of the Monongalia General Hospital 
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Figure B 5: Location of Shear Walls (Colored in blue) and Blast (Colored in Red) 
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Figure B 6: ETABS Model of the Monongalia General Hospital 

 

 

Figure B 7: ETABS Model of the Monongalia General Hospital 
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Figure B 8: SAP 2000 Model of the Monongalia General Hospital 

 

Figure B 9: SAP 2000 Model of the Monongalia General Hospital 
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Figure B 10: Division of Areas by Construction Phases 

 

 

Figure B 11: Monongalia General Hospital Phasing Plan 

 See the following pages 
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Photograph C 1: View from South-East 

 

Photograph C 2: Aerial Photo of the Monongalia General Hospital 
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Photograph C 3: View from South-East showing the brick façade and curtain walls 

 

 



D‐1 
 

    

MONONGALIA GENERAL HOSPITAL 

BLAST AND PROGRESSIVE  
COLLAPSE ANALYSIS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A
PP

EN
D
IX
 D
 

CODES AND 
STANDARDS



PSU Architectural Engineering    Monongalia General Hospital 
Structural 2008‐2009    Morgantown, WV 
Hiroki Ota    Blast and Progressive Collapse Analysis 
 

D‐2 
 

Building Design Codes 

Type Designed with Analyzed with 
Building IBC 2000 IBC 2006 
Structural IBC 2003 IBC 2006 
Plumbing IPC 2000 - 

Mechanical IMC 2000 - 
Electrical NFPA 1999 - 

Fire Safety WV Fire Code 2002 - 
Accessibility ADA 1994 - 

Energy IEGC 2000 - 
Fuel Gas IFGC 2000 - 
Sprinkler NFPA 13 - 

 

Construction Type: 1-A 

Primary Occupancy: Institutional I-2 

 At the point of the project design phase, the building codes that were effective in 
Morgantown, WV are the ones listed above under the “Designed with” column. Today, the city 
of Morgantown has adopted the latest codes and ordinances. 

Miscellaneous Codes and Standards 
 
American Concrete Institute Committee 318, Building Code Requirements for Structural 
Concrete, 2008 
 
American Society of Civil Engineers Standard 7, Minimum Design Loads for Building and Other 
Structures, 2005 
 
American Society of Testing Materials, Standard Practice for Determining Load Resistance of 
Glass in Buildings, E 1300-04, 2006 
 
Department of Defense, UFC 4-023-03, Design of Buildings to Resist Progressive Collapse 
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Gravity Loads 
 

Floor Loads 
Type Material/Occupancy Load Reference 

 
 
 

Dead Load 

Normal Weight 
Concrete 

145 PCF Drawing G1-2 

Steel Per shape AISC 13th Edition 
Brick Masonry 40 PSF MSJC 

Partitions 20 PSF Drawing G1-2 
Superimposed 10 PSF * 

 
 
 

Live Load 

Public Areas 100 PSF IBC 2006 
Lobbies 100 PSF IBC 2006 

Corridors (1st Floor) 100 PSF IBC 2006 
Corridors (Above 1F) 80 PSF IBC 2006 

Operation Rooms 60 PSF Drawing G1-2 
Patient Rooms 40 PSF Drawing G1-2 

Mechanical 150 PSF Drawing G1-2 
Stairs 100 PSF Drawing G1-2 

Roof Loads 
 
 

Dead Load 

Normal Weight 
Concrete 

145 PCF Drawing G1-2 

Steel Per shape AISC 13th Edition 
Brick Masonry 40 PSF MSJC 
Superimposed 10 PSF ** 

Live Load Roof Live Load 20 PSF Drawing G1-2 
 Mechanical 150 PSF Drawing G1-2 

Snow Load Flat Roof Load 24 PSF ASCE 7-08 
Rain Load Rain Load 21 PSF ASCE 7-08 

*Includes electrical and telecommunications wiring, ductwork, drop ceiling 
**Includes ballasting, waterproofing, insulation 
 

Snow drift loads were to be considered as a loading condition as per ASCE 7-08 however 
this type of loading was determined to be beyond the scope of this report and therefore neglected 
and will be discussed in future reports. 
 
Lateral Loads 
 
 Lateral loads were calculated as per ASCE 7-08. Although the building is only six stories 
high, these loads must be considered as a design issue. The wind loads were calculated by 
referencing parameters from ASCE 7-08, IBC 2006, and the United States Geological Service 
under the analytical method: 
 

- Basic Wind Speed 90 mph 
- Direction Factor 0.85 
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- Occupancy Category IV 
- Importance Factor 1.15 
- Exposure Category B 
- Topographic Factor 1 
- Gust Effect Factor 0.85 
- Fundamental Frequency 6.43 (Rigid Structure) 
- Peak Factor 3.4 
- Enclosure Enclosed 

 
The above listed parameters were used to calculate the wind load in pounds per square feet 

for the different surfaces of the Hospital: 
 

Wind Loads 
 North to South Wind Pressure East to West Wind Pressure 
 Height (ft) Pressure (PSF) Height Pressure (PSF) 
 
 
 

Windward 

0-15 7.9 0-15 7.9 
20 8.5 20 8.5 
25 8.9 25 8.9 
30 9.6 30 9.6 
40 10.5 40 10.5 
50 11.2 50 11.2 
60 11.3 60 11.3 
70 11.3 70 11.3 

Leeward All -8.3 All -7.9 
 Base Shear (kips) 362.3 Base Shear 362.3 
 Overturning 

Moment (k-ft) 47875.4 
Overturning 

Moment (k-ft) 47875.4 
 

Roof 
Windward to 90° -12.7 Windward to 90° -12.7 

90°-180° -7.0 90°-180° -7.0 
180° to Leeward -4.2 180° to Leeward -4.2 

 
See Figure E 1 and E 2 for wind loading diagram: 
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Figure E 1: Wind Loading – North to South 

 

 

 

Figure E 2: Wind Loading – East to West 

 

 

 

 
The seismic loads were also calculated in a similar fashion, by referencing the 

aforementioned publications, the following parameters were used: 
  

- Occupancy Category IV 
- Importance Factor 1.5 
- Seismic Category A 
- Site Class C 
- Spectral Acceleration, Short Period 0.133 
- Spectral Acceleration, 1 Second 0.052 
- Site Coefficient, Fa 1.2 
- Site Coefficient, Fv 1.7 
- R-Factor 5.0 
 

362.3 k 

362.3 k 

47875.4 k‐ft 

47875.4 k‐ft 
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These parameters were used under the equivalent lateral force procedure to calculate the base 
shear of the building as well as the force acting at each floor level: 
 

Seismic Loads 
Floor Height (ft) Fx (kips) 

1 0 314.83 
2 12 340.39 
3 24 389.23 
4 35.5 278.90 
5 47 367.52 
6 58.5 455.63 

Roof 70 314.83 
Seismic Base Shear (kips) 1543.78 
Overturning Moment (k-ft) 33854.8 

 
See Figure E 3 for seismic loading diagram: 
 
Figure E 3: Seismic Loading 

 

 

 
1543.78 k 

33854.8 k‐ft 
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FRAME 
A CS    

FRAME 
B CS   

Item Description Interior Span Item Description Interior Span 
M- M+ M- M+ 

1 Mn 693.75 299 1 Mn 165 71
2 bCS 162 162 2 bCS 81 81
3 deff 6.31 6.31 3 deff 6.31 6.31
4 Mu = Mn/φ 991.0714 427.1429 4 Mu = Mn/φ 235.7143 101.4286
5 Mn(12/b) 51.38889 22.14815 5 Mn(12/b) 24.44444 10.51852
6 R = Mu/bd2 1843.794 794.6587 6 R = Mu/bd2 877.0481 377.3965
7 ρ 0.02 0.0146 7 ρ 0.0163 0.0066
8 Asteel = ρbd 20.4444 14.92441 8 Asteel = ρbd 8.331093 3.373326

9 As,min = 0.002bt 2.592 2.592  9 As,min = 
0.002bt 1.296 1.296

10 N = As/A 33  19 10 N = As/A 33 18 
11 Nmin = wstrip/2t 10  10 11 Nmin = wstrip/2t 5 5 

FRAME 
A MS    

FRAME 
B MS   

Item Description Interior Span Item Description Interior Span 
M- M+ M- M+ 

1 Mn 231 199 1 Mn 55 47
2 bCS 81 81 2 bCS 40.5 40.5
3 deff 6.93 6.93 3 deff 6.93 6.93
4 Mu = Mn/φ 330 284.2857 4 Mu = Mn/φ 78.57143 67.14286
5 Mn(12/b) 34.22222 29.48148 5 Mn(12/b) 16.2963 13.92593
6 R = Mu/bd2 1017.99 876.9701 6 R = Mu/bd2 484.7574 414.2472
7 ρ 0.0197 0.0162 7 ρ 0.0085 0.0073
8 Asteel = ρbd 11.0582 9.093546 8 Asteel = ρbd 2.385653 2.048855

9 As,min = 0.002bt 1.296 1.296  9 As,min = 
0.002bt 0.648 0.648

10 N = As/A 57  25 10 N = As/A 25 10 
11 Nmin = wstrip/2t 5  5 11 Nmin = wstrip/2t 3 3 
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FRAME C CS 
Item Description Exterior Span 

M-
EXT M+

INT M-
INT 

1 Mn 370.5 538.5 753.75
2 bCS 91 91 91
3 deff 6.31 6.31 6.31
4 Mu = Mn/φ 529.285714 769.28571 1076.7857
5 Mn(12/b) 48.8571429 71.010989 99.395604
6 R = Mu/bd2 1752.95718 2547.8204 3566.2388
7 ρ 0.02 0.02 0.02
8 Asteel = ρbd 11.4842 11.4842 11.4842
9 As,min = 0.002bt 1.456 1.456 1.456

10 N = As/A 32 50  61 
11 Nmin = wstrip/2t 6 6  6 

FRAME C MS 
Item Description Exterior Span 

M-
EXT M+

INT M-
INT 

1 Mn 370.5 538.5 753.75
2 bCS 45.5 45.5 45.5
3 deff 6.93 6.93 6.93
4 Mu = Mn/φ 529.285714 769.28571 1076.7857
5 Mn(12/b) 97.7142857 142.02198 198.79121
6 R = Mu/bd2 2906.65544 4224.653 5913.3375
7 ρ 0.02 0.02 0.02
8 Asteel = ρbd 6.3063 6.3063 6.3063
9 As,min = 0.002bt 0.728 0.728 0.728

10 N = As/A 10 13  27 
11 Nmin = wstrip/2t 3 3  3 
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FRAME D CS 
Item Description Exterior Span 

M-
EXT M+

INT M-
INT 

1 Mn 653 948 1328
2 bCS 91 91 91
3 deff 6.31 6.31 6.31
4 Mu = Mn/φ 932.85714 1354.2857 1897.1429
5 Mn(12/b) 86.10989 125.01099 175.12088
6 R = Mu/bd2 3089.5575 4485.2993 6283.2041
7 ρ 0.02 0.02 0.02
8 Asteel = ρbd 11.4842 11.4842 11.4842
9 As,min = 0.002bt 1.456 1.456 1.456

10 N = As/A 31 31 20
11 Nmin = wstrip/2t 6 6 6 

FRAME D MS 
Item Description Exterior Span 

M-
EXT M+

INT M-
INT 

1 Mn 106 316.25 442.75
2 bCS 45.5 45.5 45.5
3 deff 6.93 6.93 6.93
4 Mu = Mn/φ 151.42857 451.78571 632.5
5 Mn(12/b) 27.956044 83.406593 116.76923
6 R = Mu/bd2 831.59373 2481.052 3473.4729
7 ρ 0.02 0.02 0.02
8 Asteel = ρbd 6.3063 6.3063 6.3063
9 As,min = 0.002bt 0.728 0.728 0.728

10 N = As/A 23 27 16
11 Nmin = wstrip/2t 3 3 3 
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Conductive Properties of Heat Strengthened, 1 Lite Curtain Wall 

Layer Conductivity, 
k (W/m*K) 

Thickness 
(m) 

Thickness 
(in) 

Conductance, C (W/m2*K) Resistance, R (m2*K/W) 
Summer Winter Summer Winter 

Exterior 
Air Film N/A N/A 23.00 34.00 0.0435 0.0294 

Glass Lite 
1 0.96 0.0064 0.25 151.18 0.0066 

Interior Air 
Film N/A N/A 8.30 0.1205 

∑RSI 0.17 0.16 
∑R 

(hr*ft2*°F/BTU) 0.97 0.89 

U 
(BTU/hr*ft2*°F) 1.03 1.13 

 

Conductive Properties of Heat Strengthened, 2 Lite Curtain Wall 

Layer Conductivity, 
k (W/m*K) 

Thickness 
(m) 

Thickness 
(in) 

Conductance, C (W/m2*K) Resistance, R 
(m2*K/W) 

Summer Winter Summer Winter 
Exterior 
Air Film N/A N/A 23.00 34.00 0.0435 0.0294 

Glass Lite 
1 0.96 0.0064 0.25 151.18 0.0066 

Air Space N/A 0.0127 0.5 7.14 5.00 0.1401 0.2000 
Glass Lite 
2 0.96 0.0064 0.25 151.18 0.0066 

Interior Air 
Film N/A N/A 8.30 0.1205 

∑RSI 0.32 0.36 

∑R 
(hr*ft2*°F/BTU) 1.80 2.06 

U 
(BTU/hr*ft2*°F) 0.56 0.49 
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Conductive Properties of Fully Tempered, 1 Lite Curtain Wall 

Layer Conductivity, 
k (W/m*K) 

Thickness 
(m) 

Thickness 
(in) 

Conductance, C (W/m2*K) Resistance, R 
(m2*K/W) 

Summer Winter Summer Winter 
Exterior 
Air Film N/A N/A 23.00 34.00 0.0435 0.0294 

Glass Lite 
1  0.96 0.0064 0.25 151.18 0.6164 

Interior 
Air Film N/A N/A 8.30 0.1205 

∑RSI 0.78 0.77 

∑R 
(hr*ft2*°F/BTU) 4.43 4.35 

U 
(BTU/hr*ft2*°F) 0.23 0.23 

 
 

 

  



PSU Architectural Engineering     Monongalia General Hospital 
Structural 2008‐2009    Morgantown, WV 
Hiroki Ota    Blast and Progressive Collapse Analysis 

F‐31 
 

 

 



PSU Architectural Engineering     Monongalia General Hospital 
Structural 2008‐2009    Morgantown, WV 
Hiroki Ota    Blast and Progressive Collapse Analysis 

F‐32 
 

 

 



G‐1 
 

 

MONONGALIA GENERAL HOSPITAL 

BLAST AND PROGRESSIVE 
COLLAPSE ANALYSIS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A
PP

EN
D
IX
 G
 

REFERENCES



PSU Architectural Engineering    Monongalia General Hospital 
Structural 2008‐2009    Morgantown, WV 
Hiroki Ota    Blast and Progressive Collapse Analysis 
 

G‐2 
 

References 

Literature 

American Concrete Institute. ACI 318-08: Building Code Requirements for Structural Concrete. 
ACI: Farmington Hills, MI, 2008. 

 
American Society of Civil Engineers. ASCE 7-05: Minimum Design Loads for Building and 

Other Structures. ASCE: Reston, VA, 2006. 
 
American Society of Testing Materials. Standard Practice for Determining Load Resistance of 

Glass in Buildings. Publication no. E 1300-04. West Conshohocken: ASTM 
International, 2006. 

 
"Blast Analysis." Home Page. Buro Happold. Jan. 2009 

<http://www.burohappold.com/BH/SRV_BLD_SC_blastanalysis.aspx>. 
 
Breen, J. E. "Research Workshop on Progressive Collapse of Building Structures Held at the 

University of Texas at Austin,." University of Texas at Austin. 1975. NIST. Mar. 2009. 
 
Carino, Nicholas J., and H. S. Lew. "Summary of NIST/GSA Workshop on Application of 

Seismic Rehabilitation Technologies to Mitigate Blast-Induced Progressive Collapse." 
Oakland, California. Feb. 2009. NIST. Feb. 2009 
<http://www.fire.nist.gov/bfrlpubs/build01/PDF/b01055.pdf>. 

"Chapter 5 - Access Management." FTA Safety and Security Home Page. U.S. Department of 
Transportation. Mar. 2009 <http://transit-
safety.volpe.dot.gov/Security/SecurityInitiatives/DesignConsiderations/CD/sec5.htm>. 

Corley, W. G., "Lesson Learned on Improving Resistance of Buildings to Terrorist Attacks," 
Journal of Performance of Constructed Facilities, ASCE, V. 18, No. 2, 2004, pp. 68-78 

Ellingwood, B., and Leyendecker, E. V., "Approaches for Design Against Progressive Collapse," 
Journal of the Structural Division, ASCE, V. 104, No. ST3, 1978, pp. 413-423. 

Hayes, J. R.; Woodson, S. C.; Pekelnicky, R. G.; Poland, C. D.; Corley, W. G.; and Sozen, M., 
"Can Strengthening for Earthquake Improve Blast and Progressive Collapse 
Resistance?" Journal of Structural Engineering, ASCE, V. 131, No. 8, 2005, pp. 1157-
1177. 

Hinman, Eve. “Approach for Designing Civilian Structures Against Terrorist Attack.” Concrete 
and Blast Effects. Ed. William Bounds. American Concrete Institute: Farmington Hills, 
MI, 1998. 1-17. 

International Code Council. International Building Code 2003. ICC: New York, NY, 2003. 



PSU Architectural Engineering    Monongalia General Hospital 
Structural 2008‐2009    Morgantown, WV 
Hiroki Ota    Blast and Progressive Collapse Analysis 
 

G‐3 
 

National Research Council. Protecting Buildings From Bomb Damage: Transfer of Blast Effects 
Mitigation Technologies from Military to Civilian Applications. Washington D.C.: 
National Academy Press, 1995. 

Ngo, T., P. Mendis, A. Gupta, and J. Ramsay. "Blast Loading and Blast Effects on Structures." 
Electronic Journal of Structural Engineering International (2007): 76-91. 

Nilson, A. H., D. Darwin, and C. W. Dolan. Design of Concrete Structures. 13th ed. McGraw 
Hill. 

 
Norville, H. S., and E. J. Conrath. "Blast-Resistant Glazing Design." Journal of Architectural 

Engineering 1061 (2006): 129-36. 
 
RSMeans Construction Publishers and Consultants. Assemblies Cost Data 2008 33rd Annual 

Edition. Reed Construction Data, Inc.: Kingston, MA, 2007. 
 
RSMeans Construction Publishers and Consultants. Building Construction Cost Data 2008 66th 

Annual Edition. Reed Construction Data, Inc.: Kingston, MA, 2007. 
 
Smilowitz, Robert. "Means for Risk Reduction and Analytical Approaches." NIST-SEI Joint 

Workshop. Building and Fire Research Laboratory. Feb. 2007. NIST. Feb. 2009 
<www.bfrl.nist.gov/861/861pubs/collapse/workshop/3.Smilowitz_2MU.pdf>. 

United States of America. Department of Defense. UFC 4-023-03 Design of Buildings to Resist 
Progressive Collapse. By Whole Building Design Guide. 

Figures and Photographs 

American Concrete Institute. ACI 318-08: Building Code Requirements for Structural Concrete. 
ACI: Farmington Hills, MI, 2008. 

 
American Society of Testing Materials. Standard Practice for Determining Load Resistance of 

Glass in Buildings. Publication no. E 1300-04. West Conshohocken: ASTM 
International, 2006. 

 
Brutico III, Carmen A. Technical Assignment II. Tech. 
 
"Chapter 5 - Access Management." FTA Safety and Security Home Page. U.S. Department of 

Transportation. Mar. 2009 <http://transit-
safety.volpe.dot.gov/Security/SecurityInitiatives/DesignConsiderations/CD/sec5.htm>. 

Ngo, T., P. Mendis, A. Gupta, and J. Ramsay. "Blast Loading and Blast Effects on Structures." 
Electronic Journal of Structural Engineering International (2007): 76-91. 

Norville, H. S., and E. J. Conrath. "Blast-Resistant Glazing Design." Journal of Architectural 
Engineering 1061 (2006): 129-36. 

 



PSU Architectural Engineering    Monongalia General Hospital 
Structural 2008‐2009    Morgantown, WV 
Hiroki Ota    Blast and Progressive Collapse Analysis 
 

G‐4 
 

Turner Construction. Monongalia General Hospital. Monongalia General Hospital, Morgantown, 
West Virginia. 

Turner Construction. "Mon. General Hospital Project Phasing Plan." Chart. 

United States of America. Department of Defense. UFC 4-023-03 Design of Buildings to Resist 
Progressive Collapse. By Whole Building Design Guide. 

Construction Documents 

Freeman White, Inc. A6-1. Digital image. Architecture, Interiors, Food Services.  

Freeman White, Inc. G1-2. Digital image. Architecture, Interiors, Food Services.  

Atlantic Engineering Services. S2-0. Digital image. Structures.  

Atlantic Engineering Services. S2-4AD Bottom. Digital image. Structures.  

Atlantic Engineering Services. S2-4AD Top. Digital image. Structures. 

Atlantic Engineering Services. S3-0. Digital image. Structures.  

Atlantic Engineering Services. S3-1. Digital image. Structures.  

Atlantic Engineering Services. S4-1. Digital image. Structures.  

Atlantic Engineering Services. S4-4. Digital image. Structures.  

Atlantic Engineering Services. S5-1. Digital Image. Structures. 

Atlantic Engineering Services. S8-0. Digital image. Structures.  

Potesta Engineers and Environmental Consultants. Geotechnical Report. Digital image. 


	APPENDIX A Project Team
	APPENDIX B Figures
	APPENDIX C Photographs
	APPENDIX D Codes
	APPENDIX E Building Design Loads
	APPENDIX F Calculations
	APPENDIX G References

