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Craig M. Bennett, Jr., PE and the whole team at… 



West Portico 
 2009 – 2013 Structural Evaluation 
 2015 Repair 



Main House 
 2015 Structural Evaluation and 
  Visitorship Study 



Drayton Hall’s Philosophy 
 
• Site is not restored to a particular period 
 

• Drayton Hall is maintained as received 
 from the Drayton family in 1974 
 



 
Drayton Hall’s Philosophy 
 
• Mission: Research, preserve and 
   interpret Drayton Hall in order 
   to educate the public and to 
   inspire people to embrace 
   historic preservation. 
 
 



History of Drayton Hall 
 
• 1740-1752 Construction as the first fully 
   executed example of Palladian 
   architecture in America 
• Mid 1800s Portico changes 
• 1930s  Portico floor replacements 
• 1974  Transfer from the Draytons 
   to the National Trust 



West Portico 
 2009 – 2013 Structural Evaluation 
 2015 Repair 



Concerns 
 
• Damage to brick and deteriorating concrete 
 on the first floor 
 

• Water intrusion on the second floor 
 

• Structural movement 



Process through which we go 
 
• Collaborative effort by a multidisciplinary 
 team:  civil engineers, surveyors, 
 architects, conservators, other 
 consulting engineers, historians and 
 most importantly, Drayton Hall Staff. 
 

• Consideration of Drayton Hall’s philosophy 



• Findings 
• Conclusions 
• Discussion of Recommendations 



Findings 



Foundations 

•Test pits/excavations 
•Revealed only a small 
step out 



















Soil Stresses - Calculations 



















Drayton Hall - West (landside) Portico

CMBJr / 4SEinc

Fri May 18, 2012

West Portico - Back  Pier

Loads based on square footages

trib trib wt/sqft dead live total

width length load load load

ft ft psf lbs lbs lbs

Roof

Live load - east of wall 10 8.5 20 1700 1700

Live load - west of wall 10 6.5 20 1300 1300

Membrane 10 15 1 150 150

Sheathing 10 15 2 300 300

Framing 10 15 4 600 600



Second floor

Live load - interior 10 2 80 1600 1600

Live load - exterior 10 6.5 80 5200 5200

Wooden ceiling - interior 10 2 3 60 60

Wooden ceiling - exterior 10 6.5 3 195 195

Floor - interior 10 2 3 60 60

Floor - Exterior 10 6.5 36 2340 2340

Floor framing - interior 10 2 4 80 80

Floor framing - exterior 10 6.5 6 390 390

First floor

Live load - interior 10 11 80 8800 8800

Live load - exterior 10 6.5 80 5200 5200

Plaster ceiling - interior 10 2 15 300 300

Wooden ceiling - exterior 10 6.5 3 195 195

Floor - interior 10 11 3 330 330

Floor - Exterior 10 6.5 36 2340 2340

Floor framing - interior 10 11 6 660 660

Floor framing - exterior 10 6.5 84 5460 5460



trib trib thickn unit wt dead total

width height load load

ft ft ft pcf lbs lbs

Second floor 9 5 1.5 100 6750 6750

5 7 1.5 100 5250 5250

7 3 1.5 100 3150 3150

First floor 9 3.5 1.67 100 5261 5261

4.5 7 1.67 100 5261 5261

7 2.5 1.67 100 2923 2923

Ground floor 10 3 2.25 100 6750 6750

3 8 2.25 100 5400 5400

Total loads

dead live total

load load load

lbs lbs lbs

54,204 23,800 78,004



Bearing stress

Column width n-s approx 40

Column depth e-w approx 31

Bearing area on soil 8.61

Bearing stress (fa=P/A) 6,295 2,764 9,058

psf psf psf



Basement and First Floor Framing 

• Centerline of arches and masonry openings above do 
not line up 
• Geometry of the arches – flat arches 
• Concrete beam locations  inappropriate 
• Concrete reinforcing deterioration 

















First Floor 

• Water intrusion 
• Mortar deterioration 
• Concrete deterioration 

• Slope of floor 
• Measurements of a single mortar joint 
• Measurements of corners of masonry openings 
• Column movement  



























Second Floor Framing 

 
• Water intrusion 

• Joist and ceiling damage below (2009) 
• Lintel condition and stresses 
 











Brownstone lintels 

• Stucco cracking 
• Brownstone condition 
• Measurements 
• Calculations 













Lintels - Calculations 



Drayton Hall - West (landside) Portico

CMBJr / 4SEinc

Fri May 11, 2012

West Portico - Second Floor Lintel

Section properties

Width b 10.25 inches

Depth h 13 inches

Length l 10.5 feet

126 inches

Section modulus 289 in 3

Loading

trib leng width depth load unit wt

ft ft ft psf pcf

Dead loads

Concrete/stone 6 1.00 0.33 150 300 plf

Wooden form/ceil 2 1.00 0.17 35 12 plf

Joists 6 0.25 0.50 35 26 plf

Woodwork 4 1.00 0.08 35 12 plf

Brick 1 1.00 0.50 120 60 plf

Lintel 1 0.98 1.13 120 132 plf

Live loads

Occupant loads 6 80 480 plf

--------

Total DL + LL 1022 plf



Bending stress

Bending moment (M=w*l^2/8) 14,081 ft lb

168,972 in lb

Bending stress (fb=M/S) 585 psi



Drayton Hall - West (landside) Portico

CMBJr / 4SEinc

Fri May 11, 2012

West Portico - Second Floor Lintel

Section properties

Width b 10.25 inches

Depth h 13 inches

Length l 10.5 feet

126 inches

Section modulus 289 in 3

Loading

trib leng width depth load unit wt

ft ft ft psf pcf

Dead loads

Concrete/stone 6 1.00 0.33 150 300 plf

Wooden form/ceil 2 1.00 0.17 35 12 plf

Joists 6 0.25 0.50 35 26 plf

Woodwork 4 1.00 0.08 35 12 plf

Brick 1 1.00 0.50 120 60 plf

Lintel 1 0.98 1.13 120 132 plf

Live loads

Occupant loads 6 25 150 plf

--------

Total DL + LL 692 plf



Bending stress

Bending moment (M=w*l^2/8) 9,533 ft lb

114,402 in lb

Bending stress (fb=M/S) 396 psi



Second Floor 

• Water intrusion 
• Slope of floor 
• Measurements of a single mortar joint 
• Measurements of corners of masonry openings 
• Column movement  







Attic 













Recommendations 



Attic: 

 
• Repair damaged members - later 
 
  



Second floor portico: 

 
• Minimize loading on lintel 

• 25 PSF live load on deck 
• Keep visitors on back (east) half of porch 

 
• Alternative – Strengthen structure 

• In progress 
  



Second floor portico: 

 
• Minimize water intrusion and damage to structure 



First floor portico: 

 
• Remove concrete 
• Return to wood 
• In progress 
  



First floor portico: 

 
• Monitor movement of columns 

• Yet to be done 



Foundations: 

 
• Monitor movement of pier to north of center 

• In progress 





West Portico 
 2009 – 2013 Structural Evaluation 
 2015 Repair 



So let’s look at a few of the 60 sheets of drawings and 
see how this portico repair is actually done…  

Craig M. Bennett, Jr, PE 
Hillary N. King, Thomas W. (Ty) Atkins, F. Lyles McBratney 
Originally done under 4SE, Inc.      May 21, 2012 
Now under Bennett Preservation Engineering  PC     Oct 21, 
2014 
 







































Main House 
 2015 Structural Evaluation and 
  Visitorship Study 



Findings and Conclusions 

Visitorship 
- Live loads 
- Lateral loads  

 
 
 





















Findings and Conclusions 

Wooden Framing 
- Rot 
- Termite damage 

 
 

 
 























































































Findings and Conclusions 

Wooden Framing 
- Undersized members 
- Large deflections 

 
 
 



























































Findings and Conclusions 

Roof Framing 
- Not original 
- North, south, and portico ridge lines are 
sloped. 
- Outward thrust is affecting the north and 
south masonry walls. 
 
 
 
 

 
 















Findings and Conclusions 

Wall Framing 
- First and second floor east wall of the 
Great Hall has dropped. 
- Bow in wooden crown molding. 

 
 

 
 

















Findings and Conclusions 

Stairs 
- Undersized stringers 
- Handrail connections 

 
 

 
 














































