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-
ENGINEERING STUDY - ARLINGTON HOUSE 

-
INTRODUCTION 

The intention of this report is to assess the overall long and 

short-range capabilities of the roof's support system in the central 

block of the Arlington House, describe problems which might affect its 

performance, and propose an approach to correct these shortcomings and 

ensure a sound structure capable of protecting this resource. The 

remarks are based on findings culminating from both a visual 

investigatlon of the various structural elements and an analysis of its 

design. Recommended corrective actions would not adversely affect this 

structure, which is listed on the National Register of Historic Places. 

Concurrent related studies undertaken by the National Capital Team of 

the Denver Service Center to be published in FY 1983 are as follows: 

A. Historical Data Section for Arlington House (The Custis-Lee 
t Mansion), Virginia, by Charles W. Snell; 

B. A Summary of the Physical History of Arlington House, 1802-1933, by 

.... Charles W. Snell; 

c. Arlington House, Historic Structures Report, Architectural Data 

Section (Phase I), by H. Lee Arnest III; 

D. Historic Structures Report, Architectural Data Section (Phase II), 

The Arlington House, by H. Lee Arnest III and John D. Sligh; 

E. Archeological Excavations at Arlington House, The Robert E. Lee 

Memorial, Arlington County, Virginia, by John F. Pousson. 

ANALYSIS 

-
The structural analysis of the roof support system (Appendix A) was 

based on BOCA Basic Building Code (1978) snow and wind design load 

.. 
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TABLE I STRUCTURAL ANALYSIS SUMMARY OF FINDINGS 

MEMBER 

TRUSS "A" 

- Top Chord, Upper Section 
Top Chord, Lower Section 
Bottom Chord 
King Post 
Diagonal Brace 
Vertical Braces 

TRUSSES "B" THROUGH "E" 

Top Chord, Upper Section 
Top Chord, Lower Section 
Bottom Chord 
King Post 
Diagonal Brace 
Vertical Brace 

TRUSS "F" 

.... Top Chord, Upper Section 
Top Chord, Lower Section 
Bottom Chord 
Brace 

ARMY TRUSSES 

Top Chord 
Bottom Chord 
Mtl. Rod 

PURLINS 

RAFTERS 

CEILING JOISTS 

-

SIZE USED 
IN ANALYSIS DETERMINATION 

4 1/2" X 9" o.k. 
4 1 /2" X 9" o.k. 
6" X 9" o.k. 
6" X 9" o.k. 
5 1/2" X 5 1/2" o.k. 
3" X 6" to 6" X 6" o.k. 

9 114 1/2" X Seriously Undersized 
4 1/2" X 9" Moderately Undersized 
6" X 9" Seriously Undersized 
6" X 9" o.k. 
5 1/2" X 5 1/2" o.k. 
6" X 7" o.k. 

3 1/2" X 8" 
3 1/2" X 8" Marginally Undersized 
4 3/4" X 8 5/8" Seriously Undersized 
2" X 6 1 /2" o.k. 

6" X 6" o.k. 
6" X 8" o.k. 
1"0 o.k. 

5 1 /2" X 6" o.k. for max. spacing = 
S' o.c. 

2 1/4" X 3 1/4" o.k. for max. span= 
5' o.c. 

3" X 3 1/2" o.k. 
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recommendatlons for 100-year mean recurrence interval, and on material 

- strength values for Eastern White Pine, No. 1 (Grade) for beams and 

-

-

-

-

... 

stringers. Listed in Tab le 1 is a summary of the results of this 

structural analysis. As shown, the results derived from this analysis 

indicate a condition of high overstress in the members. This problem is 

particularly serious in the case of the bottom chords of all trusses, as 

these members are significantly overloaded when supporting just the dead 

loads. The problem is aggravated by the location of interior bearing 

walls which act as added truss supports. Instead of coinciding with the 

truss joints, these walls support the bottom chords at several 

intermediate points between the joints. This misalignment of forces 

induces excessive bending stresses in these members, which has resulted 

in extreme undulation and deflection along these members. Although this 

system has existed with only localized failures, it must not be assumed 

that the roof structure ls therefore safe. In summation, the existlng 

trusses lack deeply in any real engineering design. Not only are 

individual members of too small a cross-section to safely carry design 

loads, but their weak methods of interconnection and overall poor truss 

geometry result in an ill-defined support system through which load 

transfer is very ambiguous. 

Other considerations which should be taken lnto account for structural 

systems bull t with wood and which probably apply to the attic of the 

Arlington House are: 

1. prolonged heating to temperatures in excess of 150°F can cause 

permanent loss of strength, and 

2. when wooden members are fully stressed to the maximum design stress 

or a joint is fully loaded to the maximum design load for a total of 

more than ten years, the allowable design load is reduced by 10 percent. 

The visual inspection phase of this study produced other indications 

that the roof support system is in a borderline category as regards 

structural stability. Following is an outline of specific failures or 

types of conditions which exist and lllustrate the need for repair and 

reinforcement • 
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1. Heel joint on south side of truss "B" (Photo 1). 

- The failure of this connection was the result of a design characteristic 

unique to this truss - it spanned the entire width of the portico/main 

block. All the other trusses were, in addition to bearing on the end (N 

& S) walls, supported by either interior load bearing walls approxl­

mately 6 feet on each side of the king post or by a series of brick 

columns as exist along the east side of the Arlington House. To correct 

this problem, the Corps of Engineers installed two additional trusses 

(running east to west) to provide support to truss "B" at interior 

points. In addition, the failed heel joint was stabilized by inserting 

a metal pin through the top and bottom chords at the mortise and tenon 

type connection and by wrapping a heavy link chain around the members at 

this point to hold them together. Although this stabilization effort 

has functioned since its completion in the 1930s, its design strength 

cannot be accurately calculated. It is safe to assume, though, that it 

does not exceed the capacity of the other heel joints which were 

determined to be underdesigned. 

- 2. Checks, shakes, knots, and twists. 

Natural wood defects such as checks, shakes, knots, or twists are fairly 

prevalent in the roof support structure, particularly the truss 

- members, resulting in an unquantifiable reduction of its load-carrying 

capabilities. Examples of such defects are shown in Photos 2 through 4. 

While bolting, strapping, and other strenghtening procedures might be 

employed on the existing trusses and other framing members, this alone 

would be insufficient to insure structural safety. 

3. Insect and moisture damage. 

Isolated or low level cases of moisture and insect damage are visible in 

- various members of the roof support system. In general, those members 

which experienced serious deterioraton due to these elements have been 

replaced, all infested areas made insect-free, and all leaks sealed. 

One area where a problem still exists, however, is at the south slde 

- chimney through which truss "D" passes. Faulty flashing around the 

chimney allowed water to accumulate around the top and bottom chords of 

this truss, creating a suitable habitat for powder post bettle colonies 

4 



.. 

.... 

t 

... 

... 

and contributing to brown rot decay. Although the roof no longer leaks 

in this area, the deterioration and subsequent loss of section that has 

already occurred has significantly reduced the strength of this truss. 

(See Appendix Band Photos 5 and 6.) 

4. Structural failure • 

Isolated member or joint failure due to overstressing has occurred 

primarily in the truss members where the grain is twisted or contains 

knots. (See Photos 2 and 3). Other cases include several purlins whlch 

have split at their end bearing points between trusses "C" and "D" 

(Photo 7), the heel ioint of truss "C" (Photo 8) and several purlin 

tenons which have been damaged and lost their pegs (Photo 9). 

Two other conditions which, although not affecting the roof's 

load-supporting capabilities, do warrant discussion are: 

a. the lack of bearing support for the ceiling joists, and 

b. the eastward lean of the trusses. 

The frequent lack of support provided to the celling joists in this 

attic was diagnosed and partially treated during the investigative phase 

of the Historic Structure Report. Shrinkage and sagging of the joists 

had caused their notched ends to move away from the small ledger strip 

to the point where many joists had lost contact with their support 

system. To remedy this problem, bent strap connectors were fastened 

from the bottom chord of the adjacent truss to the tops of the joists 

which appeared to have insufficient bearing contacts with a ledger 

strip. (Photos 10 and 11.) A similar type of treatment should be used 

to secure support for the remaining joists, with the only modification 

being that the straps be fastened to the sides of the joists instead of 

their tops. 

The second condition mentioned involves the horizontal movement of the 

peaks of all the roof trusses 6" to 8" to the east. By all visible 

indications, this movement occurred prior to the installation of the 

existing sheathing and roof cover and has since ceased. It therefore 

represents no threat to the soundness of the roof structure. 
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RECOMMENDED ARLINGTON HOUSE IMPROVEMENTS: 

1. Roof Truss Reinforcement. 

Based on the observed member and joint failures and the loading 

conditions described in the previous section of this report, it is 

judged that the roof support system should be regarded as in a 

borderline category in terms of its stability and safety. Considering 

the historical and arch! tectural importance of this building, such a 

precarious position is not acceptable. A supplemental roof support 

system is therefore needed to provide adequate and safe load-carrying 

capability. 

The primary components of the proposed reinforcement system are 

double-angle "Fink" trusses to be installed adjacent to the existing 

wood trusses, as well as lateral bracing between them to prevent further 

horizontal movement. These trusses would be installed to pick up any 

live loads while al lowing existing trusses to carry the dead loads. 

However, the proposed trusses are designed so that, should the wood 

trusses fall, the new steel trusses could support both the dead and live 

roof loads. The rationale behind this approach is: 

a. since the trusses have supported both dead and live loads for some 

time now, an acceptable margin of safety could be achieved by removing 

the live load they carry; 

b. installation of the proposed trusses could be accomplished with a 

minimal amount of damage or alteration to the historic members as the 

loads would be transferred directly to the four support points; and 

c. as each existing truss has its own unique features and problems, it 

is impractical to calculate their supporting capacity based on actual 

individual conditions. Therefore, for simplicity and safety, the 

proposed trusses were designed to support both dead and live roof loads. 

The design of the proposed trusses (Drawings 4 thru 16) reflects the 

most typical conditions encountered. Although thls general approach can 

be used in all cases, the member lengths and certain details will need 

to be modified to account for the differences between the trusses. 
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Installation of the proposed reinforcement systems will require 

extensive field measuring to determine member lengths at each truss 

location and some adaptation of the design details to account for these 

varying conditions. Examples of the anomalies in the existing roof 

support system which will require adjustment of the proposed design are: 

the masonry chimneys through which truss "D" passes; the metal link 

chain at the south-end of truss "B"; and the presence of headers at the 

heel joints which support the outriggers. In these situations, isolated 

modification of the proposed trusses will be necessary to accommodate 

installation and fit. For the most part, these adjustments will only 

entail notching non-essential portions of wood members or modifying the 

lengths of members and locations of joints. 

Of the two end trusses ("A" and "F"), only truss "F" requires 

reinforcement. Because a significant portion of truss "F" is bordered 

by the "finished" interior of the stairwell, the supplemental support 

system should be installed directly under the top chord and over the 

bottom chord. This will therefore require the temporary removal of the 

existing diagonal braces, removal of several floor boards, and the 

notching of wall studs to accommodate installation of the new truss. 

2. Attic Ventilation 

In the case of truss "D" (whose ends pass through the brick chimneys) , 

partial disassembly of the masonry will be required. As ventilation in 

the attic is poor, causing possibly damaging temperatures in this area 

during summer months, air exhange/circulation should be increased. This 

could best be accomplished in conjunction with the reinforcement of this 

truss by capping the chimneys when disassembled and installing fans 

within the flues. This should be an integral facet of any project 

undertaken in the attic. 

3. Energy Conservation 

In compliance with NPS energy conservation guidelines, it is also 

recommended that Kraft unfaced fiberglass roll type insulation of 

thermal resistance R•l9 and 6 inches thick, be installed following the 

completion of all other elements of the roof stabilization effort. 
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4. Wood Member Repair/Replacement 

Miscellaneous areas where wood repair or replacement is required are as 

follows: 

a. S~" x 6" purlins to be added at the lower sections of roof to 

ensure a maximum span by the rafters of 5 feet; 

b. split purllns to be repaired by use of straps or through bolts and 

reinforced by the introduction of new members. 

c. the deteriorated portion of truss "D" in the vicinity of the 

(south-side) chimney to be repaired as suggested in Appendix B • 

5. Attic Use 

Use of the attic area should be restricted to small-scale activities, 

such as light object storage and controlled demonstrations for children. 

6. Method of Completion 

The completion of this work should be accomplished by means of day labor 

forces instead of by contract. This approach would more easily 

accommodate the time and labor intensive requirements of this project, 

provide greater flexibility in addressing the known and unknown 

differences between the trusses, and enable the government to avoid 

unnecessary extra costs due to likely "change-in-conditions" claims. 

7. Statement of Effects 

The goal of the recommended treatment is to stabilize the attic 

structure of the Arlington House main block. The results will increase 

the life of the building and alleviate the possibility of danger to park 

visitors. 

In applying the criteria of effect, 36 CFR Park 800.3(a), the National 

Park Service has determined that the proposed undertaking will have an 

effect on the Arlington House. 

In applying the criteria of adverse effect, 36 CFR 800.3(b), the 

National Park Service has found the effect not to be adverse because: 
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a. The proposed undertaking will not result in the destruction of the 
... significant features of the property, even though substantial 

alterations are planned. No historic fabric will be removed or 

irreversibly modified. 

b. The proposed undertaking will not result in the isolation of the 
... 

property from, or alteration of, its surrounding environment. 

c. The proposed undertaking will introduce visual elements that are 

out of character with the historic fabric of the attic. However, the 

attic is off-limits to the public, so the visual impact will be 

insignificant. 

d. The proposed undertaking will not result in the trans fer, sale, 

deterioration, or destruction of federally owned property. 

' 
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Photo 1. Truss heel joint, south end of truss "B". 

Photo 2. Partial failure of top chord of truss along 
twisted grain. 
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Photo 3. Failure of extreme fibers in bending, top chord, 
truss "E". 

Photo 4. Example of checking in truss 
members (kingpost) due to seasoning. 
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Photo 5. South end of truss "D" on north side of 
masonry chinmey. 

Photo 6. Portion of bottom chord of truss "D" exposed by 
partial dismantling of masonry chimney. Note extensive 
level of deterioration due to powder post beetle and brown rot. 
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Photo 7. Purlin failure due to excessive loading. 
Recommended action - repair using me tal straps or 
through bolts. 

Photo 8. Truss heel joint, north end of truss "C". 
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Photo 9. Tenon of purlin on right dama ged and peg i s 
missing, reducing ability of roof to resist late ral 
movement. 

Photo 10. View of ceiling joists 
fastened to bottom chord by bent bar 
connectors. 
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Photo 11. Close-up of ceiling joist 
showing loss of bearing support/contact 
w/ledger strip. 

Photo 12. Top of brick column unde r 
south side of truss "B" • 

• 
32 



... 

, .. 

... 

. ... 

... 

... 

... 

.. 

. . 

... COST ESTIMATE 
33 
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COST ESTIMATE FOR NEEDED REPAIRS AND 
IMPROVEMENTS IN ATTIC OF CENTRAL BLOCK 

OF ARLINGTON HOUSE.. 

Labor C'OSts to transport and erect steel angles, plates, etc. for trusses (No 
O&P costs included). 

TRANSPORTATION/DELIVERY 

1 Foreman 1 Day @ $164.75/day $164.75 
1 Truck Driver 1 Day @ $163.60/day $163.60 
1 Truck (w/power equipment) 1 Day @ $109.60/day $109.60 
2 Laborers/Steel Workers 1 Day @ $295.20/day $295.20 

$733.15... 

MOBILIZATION/SETTING UP LABOR COSTS 

1 Foreman 5 Days @ $163.60/day $818.00 
2 Carpenters 5 Days @ $272.00/day 1,360.00 
1 Laborer 5 Days @ $108.40/day $542.00 ... 

$2,720.00 

ERECTING STEEL TRUSSES LABOR COSTS 
(ONE PER WEEK) 

1 Foreman 25 Days @ $163.60/day $4090.00 
2 Steel Workers 25 Days @ $295.20/day $7380.00 
1 Carpenter 25 Days @ $136.00/day $3400.00 
1 Laborer 25 Days @ $108.40/day $2700.00 

$17,570.00 
MATERIAL COSTS FOR FIVE TRUSSES 

PROPOSED TRUSS MEMBERS ... 

2 LS 7X4 X 3/4 31.5 ft. @ 52.4 lbs/ft.X 2=3301.2 lbs. 
2 LS 6X4 X 1/2 13.25 ft. @ 32.4 lbs/ft. X 2 = 858.6 lbs. 
2 LS 3X3 X 3/8 10.00 ft. @ 14 .4 lbs/ft. X 2 = 288.0 lbs. 

25.5 ft. @ 14 .4 lbs/ft. X 2 = 734.4 lbs. 
12.0 ft. @ 14 .4 lbs/ft. X 1 = 172.9 lbs. 

WITH PLATES AND BOLTS, ETC., CALL IT 3 TONS 

COST OF MAT'LS (BARE COST ONLY) FOR STEEL TRUSSES 
= 3 Tons X $1,255/ton X 5 = $18,825.00 

... 
LABOR COSTS TO INSTALL VENTILATING EQUIPMENT IN MASONRY 

CHIMNEYS (No O&P Costs Included) 

1 Brick Mason 5 Days @ $140.80/day $704.00 
1 Electrician 3 Days @ $155.20/day $465.60 
1 Laborer 5 Days @ $108.40/day $542.00 

' $1,711.60 
MATERIAL COSTS FOR VENTILATING EQUIPMENT 

4 units @ $250/unit $1,000.00 

... 
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... 

LABOR COSTS TO INSTALL ADDITIONAL PURLINS, CLIPS TO SUPPORT CEILING JOISTS, STRAPS, 
THROUGH BOLTS, PLATES, ETC • 

... 
1 Foreman 8 Days @ $163.60/day $1,308.80 
2 Carpenters 8 Days @ $272.00/day $2,176.00 
2 Laborers 8 Days @ $216.80/day $1,734.40 

$5,219.20 

MATERIAL COSTS FOR MISCELLANEOUS REPAIRS TO ROOF FRAMING $500.00 

LABOR AND MATERIAL COST TO INSTALL 6" INSULATION IN ATTIC 
2300 SF@ $0.36/SF $828.00 

PLUS COST TO mMOVE AND REINSTALL FLOOR BOARDS BE'lWEEN TRUSSES "E" & 
"F" - LABOR COSTS ONLY 

2 Carpenters 2 Days @ $272.00/day $544.00 

LABOR AND MATERIAL COSTS TO REPAIR DECAYED TIMBER ENDS USING EPOXY $3,000.00 
WHERE PASSING THROUGH CHIMNEYS 

SUB-TOTAL $52,650.95... 
Plus 251 For O&P $13,162.74 

TOTAL $65,813.69 
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United States Depart1nent of the Interior 
NATIONAL PARK SERVICE 

DENYER SERVICE CENTER- NATIONAL CAPITAL TEAM 

5600 Columbia Pike/ Room 312. Falls Church. Va. 22041 

H3015 (DSC-TNC) 
FEB 1 8 7982GWMP-506-35 

Memorandum 

To: 

From: 

Reference: 

Subject: 

Superintendent, George \~ashington Memorial Parb.Jay 

Chief, Branch of Cultural Resources, National Capital Tea ~ , DSC 

George Washington Memorial Parkway, Package No. 506, 
Arlington House, Historic Structure Report 

Engineering Study of Central Section Roof 

As part of the engineering study of the roof support structure in the ma in 
block of the Arlington House, an investigation wa~ conducted on February 1 1 
to determine tbe condition of the truss members which pass through two masonry 
chimneys. Participating in this investigation were Jim Askins, Bill !io se, 
and Jim Gilbert of the Williamsport Training Center and Pat Macdonald of t:1is 
office.' Working in the attic, they removed the brick on the interior sid e o f 
the chimneys in the area surrounding the truss members. E~posed was one truss 
end in satisfactory condition (south side) and the other (north side) seriously 
d~maged by no longer active powder-post beetle and brown rot. The wood 
deterioration problems stem from moisture intrusion from around the flashi n0 
which has since been brought under control. 

Because .of the e~tent of the damage already incurred, it was necessary t hat 
they install a temporary heel brace to distribute the loads beyond the points 
of damage and provide additional strength to compensate for the section loss. 
This measure, however, is only a temporary solution. It is therefore 
recommended that structural repairs be undertaken as soon as possible to 
reinforce the remaining sound wood to enable a load-supporting capability 
equal to the original full sections. 

One technique which could be used to accomplish this would be by application 
of epo~ies such ·as the Beta materials manufactured by the Dell CorrX)ration. 
This method would return the truss members to their original dimensions 
and to at least their original strength. This method is suggested as it would 
be compatible with the general design to be proposed for a system to reinforce 
all trusses. 
available at 
pursuing this 
Jim Askins at 

;s; 

Also, ~he e~pertise to accomplish this undertaking is readily 
the Williamsport Training Center. If you are interested in 

type of solution to the problem described, please contact 
301-223-787i for a 6ost estimate and time schedule. 

Charles F. Bohannon 

TNC:PSMacdonald:hds!2/l~/82:2224 

cc: NCR, Mr. Goeldner 
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United States Deoartment of the lnterior:-,-
DENVER SERVICE CEN~ER - NATIONAL CAPITAL TEAtf .· 

NATIONAL PARK SERVICE ! ; . 
WASHINGTON, D.C. 20240: 

L-.. JU:PL\' REFER TO: 

i ; ! •.•' • IH30 (DSC-TNC) lJ :: .16 JUN 1182 
J: ·: •.. 
NA ,·1:... i1f..L ,~;.,, .·.• • :_ ,l 

Memorandum 
... 

To: Assistant Manager, National Capital Team, Denver Center 

From: Branch Chief, Williamsport Preservation Training Center, 
National Capital Team, Denver Service Center 

... 
Reference: George Washington Memorial Parkway, Package Number 506, 

Arlington House, Historic Structures Report 

Subject: Field Investigation: Central Roof Section 

In response to a request from Structural Engineer Pat Macdonald, Denver 
Service Center, National Capital Team (DSC-TNC), to assist with an 
ongoing structural investigation of the central roof section, a site 
visit was conducted on February 10 and 11, 1982. Present were Mr. 
Macdonald, w. Hose, J. Gilbert and, J. Askins from the Williamsport 
Preservation Training Center (WPTC). 

The purpose of this request was to assist Pat with a limited destructive 
investigation of the historic fabric to determine,if possible, their 
current condition. Various methods and techniques to correct obvious 
deficiencies in the original design and, to identify the extent of damage 

... caused by fungal attack or insect damage to structural members were.•also discussed. 

The findings of our investigation are recorded in a memorandum dated 
February 18, 1982 to the Superintendent, George Washington Memorial 
Parkway from the Branch Chief, Cultural Resources, DSC-TNC. 

While carrying out this assignment and in indepth discussions, Pat 
revealed a preliminary design concept for strengthening the existing 
trussess. This concept, the use of a "fink truss" to provide 
supplemental support for the live load is an excellent idea. 

This concept, I believe is a positive solution to a most difficult 
problem. After reviewing the preliminary design and accompanying 
recommendations, I support Pat's recommendations completely. It is 
a very well thought out design and demonstrates a keen awareness and 
appreciption for the value of the existing historic fabric and the need 
for its preservation. · 

.. 
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I 

PAGE 2 

The sensitivity of the Arlington House site and the complexity of the 
proposed design supports Pat's recommendation of the planned work to be 
accomplished by day labor. I support this recommendation completely. 

I feel Pat should be recognized for the superior engineering work he 
produced as part of this project. His design concept for the stabilization 
of the central roof section clearly demonstrates an outstanding structural 
engineering ability and great sensitivity toward the preservation of 
historic fabric. 

'~ 
~ 
James s. Askins 

cc: 
DSC-TNC-F. Bohannon 
DSC-TNC-P. Macdonald 
File 

--· --rn-··------- - -------------
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