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ENGINEERING STUDY - ARLINGTON HOUSE

INTRODUCTION

The intention of this report 1is 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 thls resource. The
remarks are based on findings culminating from both a visual
investigation 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
Manslon), 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, Archltectural Data Sectlon (Phase 1I),
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



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

4 1/2"™ x 9"

4 1/2" x 9"

6" x 9"

6" X 9"

51/2" x5 1/2"

3" X 6" to 6" x 6"

4 1/2" x 9"

4 1/2" x 9"

6" x 9"

6" x 9"

51/2" x5 1/2"
6" x 1"

31/2" x 8"
3 1/2" x 8"
4 3/4" x 8 5/8"
2" x 6 1/2"

6" x 6"
6" x 8"
1"¢

51/2" x 6"

2 1/4" x3 1/4"

3" x 3 1/2"

DETERMINATION

0O 000000
F‘W?“F‘F"?‘

Seriously Undersized
Moderately Undersized
Seriously Undersized

o.k.

o.k.

o.k.

Marginally Underslized
Seriously Undersized
o.k.

o 0o
R

o.k. for max. spacing =
5' o.c.

o.k. for max. span =
5' o.c.

o.k.



recommendations for 100-year mean recurrence interval, and on material
strength values for Eastern White Pine, No. 1 (Grade) for beams and
stringers., Listed in Table 1 1is 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 1is aggravated by the location of interilor bearing
walls which act as added truss supports. Instead of coinciding with the
truss Jjoints, 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 is therefore safe. In summation, the existing
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 1load

transfer is very ambiguous.

Other considerations which should be taken Into account for structural
systems built 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 illustrate the need for repair and

reinforcement.




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

The fallure of this connection was the result of a deslgn 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 elther interior load bearing walls approxi-
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 reductlon 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 molisture 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 side
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




and contributing to brown rot decay. Although the roof no longer leaks
in this area, the deterloration and subsequent loss of section that has
already occurred has significantly reduced the strength of this truss.
(See Appendix B and Photos 5 and 6.)

4, Structural failure.

Isolated member or Jjoint 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 which
have split at their end bearing points between trusses "C" and "D"
(Photo 7), the heel joint 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 jolsts 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 adiacent 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.



RECOMMENDED ARLINGTON HOUSE IMPROVEMENTS:

1. Roof Truss Reinforcement.

Based on the observed member and joint failures and the 1loading
conditions described in the previous section of this report, it 1is
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 architectural importance of this building, such a
precarious position is not acceptable. A supplemental roof support
system 1is 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 allowing 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 this 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.



Installation of the proposed reinforcement systems will require
extensive fileld 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 1in 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-essentlal 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 slgnificant portion of truss "F" is bordered
by the "finished" interior of the stalrwell, 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 Conservatlon

In compliance with NPS energy conservation guidelines, it 1s also
recommended that Kraft unfaced fiberglass roll type insulation of
thermal resistance R=19 and 6 inches thick, be installed following the

completion of all other elements of the roof stabilization effort.



4. Wood Member Repair/Replacement
Miscellaneous areas where wood repair or replacement is required are as

follows:

a. 5%" 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 purlins to be repaired by use of straps or through bolts and

relnforced 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 1instead 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 govermment to avoid

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

7. Statement of Effects

The goal of the recommended treatment 1is 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:



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.

¢. The proposed undertaking will introduce visual elements that are
out of character with the historic fabric of the attic. However, the
attic 1is off-limits to the public, so the visual Impact will be
insignificant.

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

deterioration, or destruction of federally owned property.
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PHOTOGRAPHS



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: "Bl

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 metal 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 damaged and peg
missing, reducing ability of roof to resist lateral
movement.

Photo 10. View of ceiling joists
fastened to bottom chord by bent bar
connectors.
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s Photo 11. Close-up of ceiling joist
showing loss of bearing support/contact
w/ledger strip.
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Bhoto: 12,

Top of brick column under
south side of truss "B".



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

OF ARLINGTON HOUSE

Labor costs to transport and erect steel angles, plates, etc. for trusses (No

O&P costs included).

. TRANSPORTATION/DELIVERY
1 Foreman 1 Day @ $§l64.75/day
1 Truck Driver 1 Day @ $163.60/day
1 Truck (w/power equipment) 1 Day @ $109.60/day
2 Laborers/Steel Workers 1 Day @ $295.20/day
MOBILIZATION/SETTING UP LABOR COSTS
1 Foreman 5 Days @ $l63.60/day
2 Carpenters 5 Days @ $272,00/day
. 1 Laborer 5 Days @ $108.40/day
ERECTING STEEL TRUSSES LABOR COSTS
(ONE PER WEEK)
: 1 Foreman 25 Days @ $163.60/day
2 Steel Workers 25 Days @ $295.20/day
1 Carpenter 25 Days @ $136.00/day
1 Laborer 25 Days @ $108.40/day
’ 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 X1/2 13.25 ft. @ 32.4 lbs/ft. X 2= 858.6 1lbs.
2 LS 3X3 X 3/8 10.00 ft., @ 14.4 1lbs/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 1bs.

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 =
CHIMNEYS (No O&P Costs Included)
1 Brick Mason

1 Electrician
1 Laborer

5 Days e
3 Days
5 Days

MATERIAL COSTS FOR VENTILATING EQUIPMENT
4 Units ]

34

LABOR COSTS TO INSTALL VENTILATING EQUIPMENT IN MASONRY

$140.80/day

@ $155.20/day
@ $108.40/day

$250/unit

$164.75
$§163.60
$109.60
$295.20
$733.15

$818.00
1,360.00
$542.00
$2,720.00

$4090.00
$7380.00
$3400.00
$2700.00
$17,570.00

$18,825.00

$704.00
$465.60
$542.00
$1,711.60

$1,000.00


http:1,000.00
http:1,711.60
http:18,825.00
http:17,570.00
http:2,720.00
http:1,360.00

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 REMOVE AND REINSTALL FLOOR BOARDS BETWEEN 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 25% For O&P $13,162.74

TOTAL $65,813.69
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http:65,813.69
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Arefa AEL—-(N@TON HOU‘?E. ENVER SERVICE CENTER of
Project ENG!NEE@'NG’ STUDY By MACDONALD Checked Pkg. 506
Feature ANAL\/S\S OF PURL,M\)Q Date l'Z/él /%( Date Account
PUELINS |
AVG. DIMENSIONS - s rx o
AYG LENGTH - |12:8%
SPACING (AYG) e oolE “
(MAX - . qig" (HirsT parkin from oaflowa )
<, = 33 i4°
Laaps ¢
SLATE SHINGLES [0 psF
RooF sSHEATHING 25 1l
EAFTERS Lo
4:2 PSF X 14.15/L= |o]. 2 P-F
I PURLINS q.1
Live  (SNow) 10 PSF x 428, = [42.5 TLF
%74 RAF
/ J/LI/LLLLL,J{/]% |
R, 43
@ = EV = 11:95 (L52-3>/7,= bz, 7 ks
Myay = (5278374 | S20LL BT bs
E stl,z,)(\z)/ﬁ_o = 18915 psi s ;z\f;?g,
4 /,,..EV/\‘ e ”\»ﬂ N
b/Fb o l%ﬁls/%m o | bl MEM%@ UN\PH'Z._T/;:;\@{;JEQ
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Park GWMP NATIONAL PARK SERVICE Shatt (3
Are'a A(ZL\NGTDN f‘k’OUS& SERVICE CE R of
Project ENGINEE RING SWD\/ By(\)\AGOONALD' Checked Pkg. 5 Do
Feature IOUEL'H\\S - Date |L/‘H9) Date Account
For. PURLINS SPAcED 5 o.c.
LoADS :

Slate sShinales o PsF

SHEATHING 250

BAFTERS b8

14T « 5 o g oo BEE . 5
[?UF&LINS il
LIVE (5N0w> T2 x 9 1000
TOTAL [eo -t #

Mimag= (180 1223Y7/ . 3705.8 Fr-lbos

fo= (21058)(12)L. - 12475 psi
‘(lg - |%47.8 % o029 <l CZS;D
'E; 210

.30
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Park W MFP NATIONAL PARK SERVICE Sheet  ( if
Are'a AZLinG TN Heuse DENVER SERVICE CENTER ot
Project = (o INEERING STUDY [BY MACDONAL D |Checked Pke. 20,
Feature ZAFTEQS Date lz/q /6‘ Date Account
ANaLysis oF RAFTERS
AVG DIMENSIONG 3’ Bh t 24 x 24
SPACING 2'=-¢"
AVG UNSUPPORTER LENGTH z'-0
MAX. " I 96
- -
SLMIN\ = 2,496 in
LENGTHS
LoADS @ For AYG., CONDITIONS = &' UNSUPpPoRTED 4.
SLATE sHINGLE S lo psF
Roop <SHEATHING 2.5 1
3 | 1250 x 28 = 3,25 PLF
RAFTERS AN
LIVE QGNO\AH 20 x 2'5 50D *
B4 s M
_ 645 PLF
7 Bpe By Bui:maq#
A ‘ e
Z, Em &, Fa = 58_ = k453
%
{=5" Munay = Uﬁa_g ~ 20453 Ft-lbs

R_(for simpy supp.)

fo o (10453)(10)f, . SOL61 po
-

Fl’ - 1310 Pss' 4
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Pak  S\WM P NATIONAL PARK SERVICE Sheet (5 |

iy Area AIZL ‘NGTDN H‘OJ oE DENVER SERVICE CENTER ' of
Project E N C"NEEK | NG s-n) DY By Mﬁbw ” A ‘-D Checked Pkg. 50(9
Feature Z P‘FTERS Date !7’11 ! 93\ Date Account

feR MosT CRITIcAL LOADING CONDITION '~

él'-bLEAGTH GIMPL\/ SUPPORTED, w/ u“'F‘G@PAi
LorD TF BYH bs PLF

A
A a54.9¢ (12) _  ze44 = ﬁ;= \>10 pSi

> =L

_C’heck iaofield +O =ee i va Lteve oo ql.&" S P~
" ave arealer n imenmion Then Bl x 36"

Tf ('fw The alove loa Ama) cond tion 1’~‘Ow> z aS4.4( ((‘L)’

2%k BY%  vafters 7 e
S i i T T = l(00'5f(p7 P).
Still No GooD s

BT IN THE BALL PARK.
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Pk WM NATIONAL PARK SERVICE Sheet (,¢
Area AKL INGTON HOUSE DENVER SERVICE CENTER of

Project E—NG(NEE@.M\G STUD?, By NAACDONP\L-D Checked Pkg. SOG
Feature CE‘ L NG o V\SI < Date |2 / q /@ l Date Account

ANALYelS oF CEILING JolsTS
AVG DIMENSIONS -~ VARIES FRrOM Bx 34 TV 2% b¥g

5PA6/'\IG e l@l’ O.C‘
AYG SPAN - 1283
S(M'“\ - b-\ZS M3 g L [0.72 mf“'
S mary AR E = | ix1o°psix 128
LOADS !
PLASTER CEILING I0.@sF x I'D3 .  I1B2YPLF
| JoISTS - Sk
* ASSUOME [0PSF  LVE LOAD 1533 "

Bz | N
fFor BENDING ' —
2z ' T
Mgy = WA 4 o (30N0I283), o 6eo22 Fr-lbs
fo = @aa-zz)(/z%ng,, 293.5 psi

‘C

A
: AN
b = (5!0?5 OIC

Fo. DEFLECTION '~

D‘“(" %—"(O Q " %40)( U'Z'%’IBD U7'> = 064195
4 Lo i u
Dung = =, WL L (E02DUZEY (10) = 077

284 £ T (284) (1 :376,16°)10.72)
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Par
ark GWM P NATIONAL PARK SERVICE Bhest 'l
Ares AZLINGTON HousE DENVER SERVICE CENTER =
Projecl =\ G INEERING STVDY |BY MACDON ALp|Checked Pka. 500
Feature CE“—”\]G J o015TS. Date I'Z/ﬁ /@' Date Account
NOTE ! ALTHOUGHR Dy, S SULGEHTLY GREATEE THAN
Dae P THE GEULING JoisTs, THESE CALCS ARET

BASED ON THE ASSUMPTIONS THAT AL NoisTs
AR € 3>><3'/7,) THAT A LIVE LoAD ©F |o psE
WoULD' BE CARRIED @y THLSE MEMBERS, AND THAT NO
COOPERATIVE ACTION TAKES PLACE For ﬂesa MEMEERS
N GFEIES,
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Park GWNMP NATIONAL PARK SERVICE el 66
— o DENVER SERVICE CENTER of
APLINGTON Hovse
Project ENGR. STUVDY By MA&DONN—D Checked Pkg. S0,
Feature Reor TRUSS ANKL\/QIG Date l/ / / 72 Date Account
Teves # | - ANAL)/G!S OF ARILITY To SUPPORT

TEAD LOADS ON Ly-

TIT VPV T I AL
2lell g
Roor _LoaDS FLooR  Lomps
TRUSS * 3.15 PsF . CEILING NOIgTS 4 VaF
sHINGLES 10 " + PLASTER CEILING (0 v
SHEATHING 25 < BOARD FLOORING 3
RLpTERS T S 17 psF
PUEZLINS il
1975w
éAT 20 PSF

. -+ Pj 4q} Prrker's écw‘y,(c@reé ’Dcsdﬁh of Root Trucge:
for  Avclhitects 4( Durlders,

- ———— = 4 e et e sttt o i+ e e e

= o




FORMDSC - 44

% Park  G\WM P NATIONAL PARK SERVICE Sheet &9
A2 heINGTON HoUsE DENVER SERVICE CENTER =
Project £ NGR . STV D‘{ By MALDOQAL Checked Pkg. 506
Feature ROOF Tevss ANAL. Date \/,7 /6 a2 Date Account

PRevVIoUS TRusS CALCS)

£ = (14.95)(256¢.0), 22 (2i61) = AT
o A

E i (7,9(0.@)(24,65)/7_ = 318820 #

f - (20.39)(2%%66) f = 26l6.04 "
Pz (1o3)(256¢) = 1920.30 %
F = (e (2811)/2 = 6919-62#
Assume E_ - R & €, =R,

(SEE SHT. 2 oF

B, +iR = Ral «# +4 (P++P5§ o il il
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Park WM P . NATIONAL PARK SERVICE sl 7
Y ACUINGTON HOUSE DENVER SERVICE CENTER -
prolee’ ENGINEERING  STYOY [BYMALDaIALD [Checked Phe 5Ly
Feature {’?.C)gr-’- TQ{){,,‘Q ANAL, Date |/|3",tll Date Account
~ :
EM, =125F + VB F + 85 F + 280 + 4asf
z
-318 Ky - 538 ] + (QF,
P = f‘.‘:f.’ « Fg Rosume =1 0%
(-0t (2T

L2ZMe = 264180 F >2.280 + 48.347 ¢ ©1.27] 4 204947
= DT R ANAat R v

H27.088 -3¢ €. 1528 € |
Zh = % o 0 \\",i 4 '/@QPM-"PS\ ST TAAS
S 2Me o 427 RS - 311¢ (L 00l - 6, ) - 828 = 0
;,Z»SR|L: 79 294
ZH_ - 7173
g = 8093

JoinT 2F, - Fu L iFae iR
=R o4z .04t

LF, = 0uib€Fy 4 0WIE - A

"'0'\‘0( FOD = o

Fee = Fep + 109T For ©

P s e

1201

e e e e e e e e 4 i e i e i . S
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Park o, \WMP NATIONAL PARK SERVICE Sheet -7/
Area AZL | NGTDN H‘OUSE DENVER SERVICE CENTER of

Prolec! ENGINEERING  STVDY Y MacDolpaLp  [Shecked Pka. 50
Feature gOOF TQUQS AN AL‘/QIS Date l/ (% /'62- Date Account

A28 o 0LleR B 4+ 0-/\{;9'{/6,9 +(0.401)( /. A2) i
LI

- r; - Cy.%(’ F"D

F - 2‘7Z(K = F

P . 2l 0410 Fs

FL ® b

Feo= =1 246< = 2y CT

B -nl. .npel
4 F

[
oaz €

e B M, oo ms e, -
z

1325 P - 3z (0d01) Fas _ 32 (0001ek)(2.72))

+ 235 (z2am)
B o

= 28326 { 07.29% - (-1 - 90.570 -59.515
- 42 MY — 15989 - 1S .94 - 5390k + 4517
- - 9. 1%0 Ft-k
o ASSUMPTION  THAT R =105 No Goop
T2 ADJYueT, .,
AssUmE F. - b0

1 ‘l Féo = 4 -L’BK' (C)

v TMe - 417,086 + 60 - 06497 + 22,5,
(Z\L,"— 5'76("
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Assume

CHECK
2.M

Park  G\WMP NATIONAL PARK SERVICE Shegt - 22
A%t Ao NGToN PousE DENVER SERVICE CENTER >
Profeel ENGINEERING STUDY  [BY MAcDoNALD [Checked s .1
FeatureeOO; T(CU‘3§ ANM—-YS"S Date |/(3/bl Date Account
€, = 1o
CRECK
My 2 3600 + MQ.5U -111.LTL - 40-570- 59-515 -

Y12y + 54.06) ¥ 4. 012 -S$3.100L +Y4.§/7

 Sudlg R g e

Al

N INO 6’001} \
\s_w, ) NG .//‘
kK
P il
CFep e T.usgE
.“ZME = Y417.05 190 - 606. 4L 11§ (2“_

TS By = 99, “o7

En. - ._“_“%L
R, = ILodg™

. Y40.708 ¥ |14.86%-111.b72 - 90.570-59.81€
-4 lYY + 9608 4 96 - 87006 Y27

= -5y Frk it
E., & Ma
e R (T) -149.230
a1y % Ce) - 578K
1,998 = () - 5.6Y
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Park  (S\WMP NATIONAL PARK SERVICE Sheet 77
Ares AR L/NGTON HousE . DENVER SERVICE CENTER -
Project ENGINEERING STVOY By MAcLDoONAL |Checked Pkg. £0(
Feature (2o e TR uss ANALYSIg [Pate | /‘3/31_ Date Account
A F
= -
i ‘—,. - ‘é’ - o 0§ \ g
2 ZM,N 5"{:01‘-{
Tor AZM, = S-16% NI 5. 387 %

Acgume. (. - 9.ag7'c

e =

Feo = 1201% (D
% Mg . 417-085 4 9247 - Lou- 492 4 22.5 R

SR S
.- Hruk
o= o778

CHECK

ZM, = H1LUY ¢ HLES6S - LI - 905708951

—4z.2M9 # 1004100 + (00,013~ 53706+ ¥ 517

g

Memeep By MEMBER ANALYSIS

K
s s B Tl o BAeE

FEQ . Fop i, 7'90\L

11X

B N TRy ARG AT,




FORMDSC -

44

Park

Sy e Voo e T
Area AR LIN6TON  HouseE A
Project EN@INEEQING SWD\/ By MP\CPONALD Checked Pkg. 500
Feature ‘ZCOF TQU‘S f\N ’\L\ISlS Date \!‘3 lﬁl Date Account

K.
i ot P R g 10+134
s es * T e T
Fa = ol igiieoeas (£)
| &
Fh.x : FGJ 9.285 (TB
For = 2(ovol)(1%00) - 2830 = 3-4L6 1 (T)
Fir = 20uen)(2a20) = 3426 = - 0.070% . 0.0705(T)
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Area A{ZUNGWN H’OUBE, ER of

Project ENGR. STV DY By MACDON ALD Checked Pka. 50,

Feature !QOOF' TKUS < AN AL Date ‘/,2)/67/ Date Account

ALLOWABLE STRESSES

MEMPER STRESS ANALYSIS -
For. gEASTERN iWHITE PINE SELECT STRULT. No. | (BEAHS)
=, = (050 Psi P = '
Ft .=-' 100 Il Ft =
Fr = b5 INCREASE |15 P
R SHow
T T e,
FG = (975 F& *
E = l|loo K E -
MEMBER  PROPERTIES '~
b s d A(Ml\)
5y b (=3I 33.0
5 Ve CEBILING JoisT 195
Ve X7 KAFTERS FIRAS
4z 9 TOP CHORD 40 -5
¢ - Bo1mM CHORD 540
7 . KiIN6 YPosT S4.c
© 7 VERY. WEB MEMB 42.0
Gl 5% DIAe. ¢ 3014

lgl’b PS\
215
@I.LS h
175
64’4 "
1316 KS)y
f
S (ia%) | T (%)
33.0 i"tﬁ.o
2T 0 65l
T4 | zesi
015 t 273:3%
®1:00 | B64.50
®l.od 3459
49.0v .60
773 166

LTRSS L
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- MEMBERS ¢T 4 &L : L= lz2.0]

£ . 2721 . — 2195 ps
o L s

89.95 < 474.21 @i

fo- 3188 | 759 << bebdys

|

Lk il

-
=

P=12.721 K

e 2 utAT ViR SEee T
Are? ARLINGTOR House s
Project ENGR.. STUDY By MPC—DOP\H\L-D Checked Pkg. 50,
Feature m\; TQUQS ‘P\NAL/- Date \/ ‘5 / 87 Date Account
WEB MEMMPERS — AX/A- LoADS oNLY
- MEMBERS Bk é‘ = e P 3ues

’%= ex)'z s ¢ X

-—-0&')!\/-—'
Po‘: F‘["y—b(%j‘-]

. 7.0

7 ('2'07,1._(,?\ . 2033

5.5

k= 2209y 26033

Ly

= 4742l psi

. MEMPER DI i des WIS ey : = 3. 248"
-(t = 3246 _ B0l psy. Afd = 18 x1z _
(6)(7) G
SBilin: e e Lo 815 g5

z3.5
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Park C\WM P NATIONAL PARK SERVICE Sheet 74,
A AP INGTOR Hovos DENVER SERVICE CENTER of
Project ENGR. 5.“/ DY By MACDONALD Checked Pkg. C, 0,
Feature EODF TKUGS ANI:\L,. Date \ / 13 (‘61’.. Date Account
o MEMPER IJ | L: z-z:')l L= 0"x18" P= 0:070
‘Q,' 10° _ |iBopsi g 215 Psi Z/d = (2__'_7_—5__}([2).: "fré
(©0s) o

MEMBERS SVBIECTED T2 AKIAL LOADS & FLEYURE
- TP CHORD MEMBERS AB & FG )4%4xa’) L5
(LATERAL BUPPoRT PROVIDED BY PURLINS) B [0.139K

fQ/;L - (m8)(12) | 1433

I 1
L L 50 Rk ['- 3 (%ﬂ
r 1 n
R Er - Cle Teps
de M=t p82
l,(_ _—

¥ E(M—.S)(IZ-SB)(}o)} Vo = 1004 \be

Er'\/(L': QSF"I‘LB K‘ o o
R
E& = 12185 \bs.
ZL e 64\ 'Sg "
& Moy = (50001218 %5) . 609425 Ft- (s /(Nv e
i L GooP

D AT
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Park  (5\WMP NATIONAL PARK SERVICE o 74
Alea ACLINGTON HOUSE. DENVER SERVICE CENTER i
Project ENGR. ST'UDY By MAC,DOPJA\—D Checked Pka. gL
Feature QDOF TRUSS ANAL. Date ‘/'73/6'2. Date Account
. ToP CHORD MeMBERS BC & EF | 4—'/z”)<‘1"} Lz o
P . o299k
gl L - (902). _i3.33
o ﬁ
lr AR <”‘_/é>‘*)
= 3
I
s 4 = 66183 psi
Ee fe
J = Md -1 _oyg
!L, - i
. o) (z.e3)(20) = 1203 lbs.
EL: K& e 04‘5 “76
Muax = (5)(6#1:5) = 2207:S Fr-lbs.
6, - vrols () | e pa
0-75"
= 133 - 750% gy, -
é ' £o . o uEba 33k e
F'v ’b'd £ Gel.83 (050 - 319

s ToP CHORD MEMBERS CD § PE | 4/2" x4 L= Io

F= 1eak Afya %38
J,F F = 6183 psy
T]Z¥ /T@(L

TPEUTIES WY
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Park SWMP NATIONAL PARK SERVICE o sl 7.
A ADL NGTOR HOUSE DENVER SERVICE CENTER of

Project ENGINEEQ\NG STUNRY By MkCDONP\LD Checked Pkg. C O
Feature Cooe Truss ANAL. Date | /13/ 51 Date Account

Pz (1) (e, - (293 lbs

R, . R - @45 s

M|

£ };7—’—00,—3-"55 (12) 2 336 iy 4, = 'Mz,%pe:é‘)

fo o fo ., 19280, (22T . g9 (|
£ F, -3 ¢o!83 o131

e BOTTOM CHORD MeMpeeRs AJ % J6& ' P- 4.185

1" i |
-6 x4

.q33" 31983 0.21810 PLF- = 0.03¢%

P T L/ " ?Tf\t

Hepast HELNS

Ma- (01el)(32Y 2t 1mag (3183) — 32 (0:03%)
— 3.5 (M5 ) = 26(4?291) = 0.0 ¥ Fr-lg

MAY = (5Y(e41:6) = B207:S Ft-lbs /’:
o)

g

b

(i
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Parkk  GWMF NATIONAL PARK SERVICE heet 4 |
DENVER SERVICE CENTER
Area AIZ—-LIN(:TDN HU()‘:& of
Project ENGR. QWDY By MACDORALD Checkedl Pkg. 50
Feature 1200’._ T@VSS AN AL . Date |/l’5/%'L- Date Account
5.079%
1.45%
1273
I\J‘ 6% ear
-0,2%0 1\] i
-0
Y
-e96e
417090
b \/ N"J MC/\T
-2,.%%
= 11.'0\7

A
4
P
X

\

72 |00 +£F-|bs.

£, = 3274-1 g

£ = 3288 . 114 pe

54
if + AT No Goop — Memeze
Fr e ONDERSIZED
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Park S\WWM¥ NATIONAL PARK SERVICE Sheet 22

DENVER SERVICE CENTER of

APLINGTON tovusE

Project E—NGE STUD\/ By MALDONA\.DCMC“G Pkg. eo/o

Feature QOOF— TQUQS fvr\)#\.. Date \/‘EL%Z- Date Account

DETEEMINE ADEQUALY OF PURLINS (New é
EXIST) SPACED 2. 4+ oc.

LOADD
SHINGLES lo PSF
SREATHING 15
RAFTERS L7
142 PSF K5 - 5.5 PLF
PUBLINS G
. sub -TOTAL " i i
Live (eNow) 29 x B9 . 5o
4.6«

€,= €, - hes (146 = ob. bl b3
MMAY = (14@3@1-6531/% = 194650 fr-|bs
= (144@'60307—3/35 = 70782 poi

. Teles L b7
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Park  G\WMP NATIONAL PARK SERVICE Sheet 37,

ER SE
Area A@L!NGTDN AO()%E DENVER SERVICE CENTER of
ProjectENC’Q 5TUDY By MAODON ALD Checked Pkg. 50(0
Feature ZOOI-: TR.«USIS AN P\L\/C—vls Date t/\’b/@’L Date Account

DETERMINE MAYX. SPAN OF ToFP CHORD TO SUPpPORT
DESIGN LIVE AND DEAD LOADS.

WET. OF TPP cHorD = 18 PLF

W, AF . PRRMRE RN - L0e.32% 198 g,
SHEATHING | SHINGLES | AND
70 PSF UIVE LOAD

bob, 614'

_—— .25 PLF

50 S 5

I—-— L8~—= -~—z.s’~——/¥

Muag, = 75 (06:92)05 + (128)(sT/2 = 84995 Frlus
f, = 21715 (1) - 1776l pe
hh X ¢HT 2> -
| ND.
T azze ¥ 5 230.32 psi LOADING CoND. Z

(max)  (4:5)(9)

0, f . 220 L 16l = 0 401 @
F

o
F 840 1310

1 4

2 &
AR bob- 0T Cot- 8T

TF“L" 'b"L'll?"}f—);lfﬁ“ﬁ" L Ll b LBl

’ L ’ L 1]
5 7 2.5 25 —¥— 726 —
1 f

”
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) Park  GWMFP NATIONAL PARK SERVICE Sheet g4
A,ef, PRSP AERa < DENVER SERVICE CENTER ot
Project ENGR. STUD\/ By MAC«DONADD Checked Pkg. 500
Feature fZOUP —(ng,s ANAL. Date \1\5/%7— Date Account
My = 25 (uob 32) ¢ S0 (393:41) ¢ (1135) (100"
74
- 2596. Ft-lbg
. = 259¢.v (12) 110.44 i
e P4, m ey
{ s 2%0.37 Ts. S Rl - 1 0.yg]
max e =1 i
H " 2/ 4
fi’_ ' o A R AL i f<40(:l"/3(-|f>J
FL Fb- \SF’C_ 30 1310 - 33.33 = 813 .6l ?s\'
‘ =08% < | ol'4
S 1O cHORD . OF TRUSS T BE SUPPORTED
BY VERT BEANCES N MIN oF TEN FEET
APART. PuveLINS (64" % (' ol CREATER) 10
BE SPACED 2.5’ ©Oa cenNTER.

DETEEMINE pPDERUACY OF RAFTERS.

/I—— 29 —1—-2-5’ —_——25" —— 2.8’

ASSUME  WORST CoNDITIONS. = A = 7.2125 {a*?
S = 3.96 N
T iw g
—— 34.05 PLF (5T 02)
) o W )
7 -—:I

a2
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Parkk CWMPFP NATIONAL PARK SERVICE Sheet 2 &

hran 4 DENVER SERVICE CENTER o
RLINGTDN _Howse

Project ENGER 67 JOY By MAC DoNALD Checked Pkg. 50(,

Feature lZooF: 'TE,U$§ F\NN—. Date \/ 13/ g1 Date Account

2
Muay s 01071 W™ = 5666 Fr-llog

fo = Sk (12) . (707 P
3.4,

F\a = 1319 B <__/55\|¢/§

Earrers ok, for a SPAn ot B £+ belwesn

suppor Ts.
PETERMINE ADEQUACY oF BOTTOM CHORD 10
SUPPORT

A) NUST FLoOR DeAD LOAD
P) OUVsT ROOF DeAD LOAD

i<

21811 PLF
BNENRERTRN LY \/77/
A
<] 'Cig

KL ¥ Eu 5wl LOrL\%)(%Z\) - 9% ¥

Z2M %5 fa r Wl - wQZ/L

"

"

3.5 (013 - €,) +26 By - 11107

12.5@, = 8724
R = Buliind

ey
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Park /. (A=

ok L =W M | NATIONAL PARK SERVICE el 26
s tPIZLINGTD/'\l Hovez NVER SERVICE CENTER of

— ENOR. VDY B MACLon g [Checked Pke. 50
eature QOQF TQ()%-‘:) L\ \}5@;, Date [/13 /9 7 Date Account

By w bR 8 2laF

A

.34

L2
l\ \ sHEAR

-2.57
2 /
///
////"v
— "
- ~1:335
=392

My = N1 220 F-lbs
= 2o (2D - lb2 Pl 3 05O po
e o
No. Good |
Al

Does NoT (NCLUDE AYIAL LoADS
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Park  (C\A/ M P NATIONAL PARK SERVICE Sheet 27
Ao AL NGTON | S DENVER SERVICE CENTER 2

Project EN Gl 6W DY By MP\CDON ALD Checked Pkg. 60@
Feature ]?OOF TEU xS A N Bl Date \ /(9) /% e i Date Account

) Eoor Dead Loads ONuy

5.933 & 9'|66m \L—o,o‘gslﬁ
_ 51 ' ‘ EJQ
€+ Ry = 5933 t 312 -0.035 = o6l

M. BeR + 26T, - 1325 (3.198) + 22(0.035)

= 25 (Ve - Bip) + 208 - i1z
22,50 . 9.3z

Ry = %612

2.739
: shear
e : 0"3S
0449 -
- $.4%%
S440
: /\‘:__ P Mowenl
-02.0¢5
Q0. 760
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Park S\ M P NATIONAL PARK SERVICE Shool- %5
e VICE CENTER {
AP LINGTON  HoUsE : |
Project ENGR. STUD\/ By Mf\CDOf\\f\LD Checked Pkg. 50O
Account

Feature QOOF TZU‘;\S A/\)A‘-—\/Q‘S Date ‘/la }BL Date

MMf\f . o766 ft-lbs
£ = (7,07(95)(\’23/8‘ s 30704 > 1050 PS
B
No Goob )
PO S S

ADEQUALY OF aoﬁ*am CHORP SPUCES

NET 65@1’;0& = 2+9 — (2)(1)

y_ \.'- (ﬁ" = lb ,'V\z'
- Max, TENSILE = 15.L30 I

actual temsie siress=
e
fow 395 b e’

-l - A -

IR s ARG

BENPHG
force oN PINS PRODUC/NG BENDING = [5,03/,
— 7\@[3’ \bs
PENDING MOMENT  _ 7R18 x T = 15,637 in- lbs
Fo= 1310 7si
oy ’S)bSS - ”lﬁ%@ |/\3 o Q,C?.d i
1310 6 \
3 o oD
I, Y -ZCTT)U%L, &il%e in > O/\./‘

o i ps |
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DENVER SERVICE CENTER of

ARLINGTON HOUSE

Projec! -\ 6INEERING STUDY BY MacDonALD [Checked Pkg. ¢, 0(,

Feature HEEL JDINT CONNECTlDrJ Date l/b':':/@?— Date Account

THESE FIGURES ALZE BASED ON THE ASSUMPTION  THAT
THE ENTIRE TENSILE Folce AT A" EYISTs AT THE
SPLICE . IN REALITY | FRichoN AT THE SVPPORTS WiLL
RePuctE THE TENSILE STRESS S\GNI[‘ICANTL‘/. HowWeVER
THE TWO Woop DOWELS SEEM o BE TOO SMALL.

Fjﬁ— SHEAR

_ Al TP
Sheav avea = T\".C_‘(:P-.- 076N A

Fr = %9ps,

e lowalole gherr 51(?55 ’6/ v R Y\Zr\ )3\'45)lc Shear

- @0)(07¢5) = GLg3 lbs

\{‘N donble Sheaw
| = 2)(6183)

'(:3/ "WO d.?"\/e\s )

= @) () = 2803 e
B

May Rorce * 1S 136 e (No Bood )

S b s
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M b ineTol House ato a1 |

Project él\\@lNEEQlI\lG sSn) D)’ By MACDOJAL-D Checked Pkg. 500

Feature F\Ox TQ05§ AN ALYSIS Date 7’/%/@2 Date Account

ADEQUACY OF HEEL NONT

(/
0%
)i\/ 15, s —>
"’"Zreé‘l*-
Fovee o be rvesisted L»7 hors, shear = 1S. L 4o~

Gllowskle  horz . ghear o 95 psi
. REQD. SULEACE  AREA - 15,643 Jpe = 184, 055 in*

PSSUMING THE wiHoLE BOTTIM  CHOLD Aegs N shEAR
THE RERD., LENGM 15 [f4.088/ - 30.67L in

3#7 3 = ‘Q VeiA

A T E RS
KD,

o No NEED Tu calculATE ‘B AS BUEN IF THE lowel

(HORD COULD PROVIDE  ADE RUATE compP RESSION

)

T WL £AlL N SHEAR AND PossiBky (A TENsioW .
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Area ARLINGToN House of

Project = INEERING  STVDY  [BY MaoonaLD |Checked Pkg. 500

Feature QOOf: TQUSé ANALYSIS Date l/’l‘l/82, Date Account

DESIGN FINK TRUSS TO sSUPPOR] RooF LoaDS FoR
LOADING COND (TION No |

by bbb bbb bbb b bbb bbb bbbl

f; (sNiN) 2053 LR

Assume 756.6 PLF
Cotad)

s (:6)(%5&)/2 + (18)(hoqe)(2se6), = 4-3ca0k
PZ . ((208%)), & (%2) (1-092)(256b)fp = 1168
679715

Py = ((2083) +  (4)(1.042)(250¢)

R+ R = P f ikl = BE3E"

ZMC = (’rzu_ s l"l’ Eb "3ZF‘ +26'5 ZL = !4’ FFG

FoR APCLGA
H.= D T L GRA ol . R -
SR LD F/2.5380 . 2
Fee = FAB/l-oq-L_ — FBG/"QOZ?) g Foc-/z'SB%(a (Freom GHT'-L)\
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Ares ) ol INGTOL Hoveg DENVER SERVICE CENTER %
Project EMC?!N EEEING %WDY By MAODONP\LD Checked Pkg. 50(4
Feature ‘ZOOF Trevss ANALYQS Date \/ZQ/QL Date Account
Jont '@
OIN b P % o 5 A
T FH B&/“w%f' BC/J-OQZ. AB/). 092
LE - A E 040l o odol Ry ]
|'¢018 i
Fad o B 0 B L PG TRRE
028
1:Mo2g 1.40td
=~ 0138 FB@ ‘Fl = 0
K
Fw = T ewdq
FAB e Foo + 50T .
»\}OINT G ZF\/ = 0.983% FD@ ¥ QIL,-' 2.%333 F@o-
‘ {q4og 152006
« 53156 L, +~ 0479 F,
Fee =15:9431 = 08 KL
ZMA - (8 f’z 4+ %2 P‘b - 3.8 Z._ n Al Q“_ + 2R (1.:’3}}) Fu:
2:53%6
o O E o R(MeE, M (L) By c0
1% 30 ‘ LR o 1 g 1
= 129826 + 217.507 4 34427 F_ _ 25.L525 F,

’3'6QL/’LL’ e“, - 0

- 12982C + 2115074 wnzqés.z%ﬁ-n-owﬂ,g

~-25-651S Fcp

35 (1653 -, ) -2 K =0

-t v e
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Prolec! ENGINEERING STVOY B MAcDon ALD |Checked Pkg. 50¢

Feature QOOF Tquss Date \/'7—‘]/81 Date Account

ZMA = "907,0@7 - 60/4 69 lZH_ - 25 LH82S FCD -

TM, = (1SS0 — ) -108:1534 - 139-021T w20 S B -1

"

) - 3 ' - F
1S T ~15K30€ W[FM%»M‘L o F""/z':’asb]

\]onNT ol BE % G soadify, + 159 F . L0

725980

AL}

. 3-37855 - 040l F, 4 (04ol) (5:9bT )y 091 F,

' - ' _ My 42292 F
ke 57%1,/0‘%1.}2147,”:06_ Y44+ ¥

TM, . 2SS - 156368 - 14 (14 - 14 (2 2120R, L1646
= loqt oz

+ 55|49 Foo -~ 0

]

22.$ @, -12387 F_ - 264013

IMa = 507,067 = 40409 (1553, -€.) -zg,ggLSLFm -5 -%b‘]]

-279. %1% + ©0- 169 B - 2565 LS 4442 +22921 £,0)

Y

= —649:791 "+ o409 K_ - 59118 F%
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Ikﬁ-ﬂ’AP% = =22.1%9
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Project EN@NEERONG STUDY By MP\C«DONALO Checked Pkg. 506
Feature ]ZOOF TQUSS ANAL—- Date HZQ/%'Z- Date Account
B = —0:HOF
T = 15 646 ©
oNT ¢ F,e WP 2,733 _ ool Far =
JonT oF, /?«3*1“%&@ Yol Fac
o
Fas. e s ST
Fas= 11147 & (T)
Fig s +i0-To@E  (C)
Fee = [li2qgk ()
Pag =~ Trbalag ™
CHeck
TE  =-15:672 + 11aid y #3977 = © Q\L )
ARC G A i
CHECL
ZMA s IZ‘]-%LQ"T-ﬂ"‘gO‘, T %4927 EF'.—ISJISZS Fcp —'%'SZL'IL i

= 357 %% -389:415+ 4%9- 016 - 0285 - 406116
- 01 ¥-¢f1 -
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ZM
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O ENeiNgERING  SUDY [P MACDoNALD [Checked st i

Feature ﬁOOl: Teuss ANAL. Date Z/ | /6 7z Date Account

DESIGN FINKL TRUsS FOR LOADS Suown) oN SHTIS

o WeB MEMBERS 86 ¢ DF ; [= 7 boedgs (<)

7127 DOVBLE ANGLES o] 3/p Bs & 47" wood
vlock Hv opcers -) A= 978" ﬁ/; B ks,

Ll = (1o) (%38 4 98

Tey 2 45 3x3x %/5 4
STRUCT ENGR. 14 ANDBo g
e 03l < 043 ia s g ,
ty (45 405 £0) (00 to02(45roa0)) = 3549 1

,Goop For Y4 w) am effectie lewgtin of A (%-Yays)

r’*/fy i O'%/’é-gw Mo

EauiV. EFFECTIVE LeNeM pol Y-Y a¥s _ C/'/(U,wz)

RS

X- X Axis  coNTRoLs Ly % 3g( Ol
Chede . b/(;: 3/5/51 % C"%}ﬁ,: 17,67 bov 44t

v

°© WeB MEMPERS CG&CF | fi = liiey g Lo
£ = 438"
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Area A E-L,IN&I'ON HOU o DENVER SERVICE CENTER of
Project ENGIHEEZING 5T'UD)/ By N\FGDDN\A Lo Checked Pkg. 50@
Feature fZOo; Tﬁ—VS‘: ANAL. Date %/, /67, Date Account
L= g as

‘my £S5 (x4 LY

Gooo For 9% w) am téfedive tengie of 19' (X aws

YX': 0'32—"\ = |AG‘L

oyiiz b (019 +o025) = (4S+ 018 +8)(0.19 + 0:02(0-7S +4:5)

= %.904 e
r%@u\v, EFFECTWVE LENGTH For Y-y Apis = 11 ZIveL. 387"
CHEc bfg = 4/'V7, . g i
» BoTrom Chokps A6 4 EF . P = 10,208 F ()
R

PreaciNG AT INTERVALS oF £ Q' (esp. in X=X ayis)
£s 3x3x3g WouD BE O.K

6 PPOTTON CHORD F& —  SAME AS  ABOVE

| : "
o TOP cHokDs ABEipE | A= ) P
Assume  >/4"¢ woLTs

ACep 10 BE DeDUCTED EOR BOLT HOLE = Y % Tjg= 0-3281:7Y

Wit
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rea AE«LIN@TDP‘I H'Ot)ﬁE. DENVER SERVICE CENTER of
FPro:ect EN@ﬁ gTUDV BVMALOO(\“\L-D Checked Pkg. gob
eature r('/’oor: T@USS (F/MK-) Date 7’/\1%2_ Date Account
K-
LA R W= 2083 4 (1.042) (2860 6) + WET
PRI AR bl
) £ S50 PLF
M = (3-24)(5) d ((.Lg)(s) = 18ibr¥ K-Ft
TRy 225  Bxha b T | B e
‘( '[9 : s :5 8% I3
= I B -
Co ('HFQI b 150 (u-
o= 4-9 = éﬁ. Fc= U &I/Lz
= (%70 0843 = 1oy x10° bs
) i,
$ i) P 1w
’* A,: ; WL:+
\;"‘SIO\,\ B%q El
£. n\w’!,.oa4_[_215-014)((2)-:\\441(3.0@3_-%_5,;0* = 1.73"
1.80-0.%11 18-9
& = Bkt

= 1865995 psi

iz ks @
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Park G\WMP NATIONAL PARK SERVICE Sheet g
o AZL!N@T'M\ Hovsg DENVER SERVICE CENTER of
Project ENGE.‘ 6TVDY By MRCDDNALV Checked Pkg. 50@
Feature QOOF TR/U%Q lqu-\, Date ’L/\ ) AL Date Account
TRy 2 45 7% 4 x34
6 = ’(ag 1'43
A = 154 4% '14,31” 2,644 1,54
WeT= €114 PLF A \&1 b
| R T
X = 156 in*
My = 20891 4r- L
|
d: 2 . 0429 P . mEI )’
; (Y’/P) ’ s
c & ’5,757 X 10 lbs

f F S ig?ﬂfﬂ\)(ﬂ?},‘_?j

¢4 ET
M . = O‘%%—?"
= Wl ke Loy \c,—. 4qfq"
oK.
| (o)
s’
p #] 04 st _ 004 £k
b M
Fﬂu«
° 0P (HIRD MEMBERS BC4 CD 1\ L~1b
L
=i [ LAtoER AKAL FOQCE’)
USE 148 Tx Y x 2/a SMALLEL MOMENT - Dl

SECSESST TEM | e e e - e o e e ——.
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[P G WMP NATIONAL PARK SERVICE el 0o

Area I\R-LINC"T'DN H’OU‘:E DENVER SERVICE CENTER of
Project cNGR  STUDY By MF\ODON ALD Checked Pkg. 504
Feature rZDDF TF&USS Date 'L/ | /%'L_ Date Account

Threaded Sastenevs

Al - - CD ) O"’”‘ﬂ)?' Gaylovd &
4 n

GAYLORD b -5

B WeP MEMPEES BG & DE — AAC LOAD » Twest

UsinG FeiCTion TYPE boTs (CA25) w/ chor] SLoTTED
HOLES - 'F\/ = 9.0 Ko

Poe 24" ¢ bolte - Al load s ks éo Single sheay .60 F
Voe two 244 bolte  —toll allswsle = 32k

e Wer MEMBPERS co & CF - AUAL LoADS = (hiL4 K
Voe turee 24" ¢ tors - Aue LOAD = 2xbb - 1185

Foe BOTIOM CHPED MEMPEZS AG ¢ FE |, AAL WAD= 10.208']
Vse tee T4 $ ogs — A LorD (SHEAE) = |4.6°

BoTTOM CHORD FG | AxIAL LOAD = (1274 &
Vo Havee 24" @ lbolts — ALL LomD (SHEAR) -:[q,gnc'

FOR ToP CHORDE Ap 4 DB | AWIAL (DAD = 1LI41E pls
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o P GWMP NATIONAL PARK SERVICE i L)
Ares \oUINGTON HOUSE DENVER SERVICE CENTER of
Project ENGQ éTUPT By MAWONA LD Checked Pke. 50 (1p
Feature TRUSS EASTENERS Date 4/61 /5 7, Date Account

FOR TRUSS SY2[EM OF DOUBLE ANGLES W/
PoUBLE 2" e AND WD PLock SPALER. , WE
HAVE THE FOLLOWING CNDITIONS | ;

4 POUS IN SINGLE GHEAR (CONSERVATIVE ASSUME)

B) GUseE] Fe (NSINGLE BEARING
C) LEGS OF 4% N SINGLE BEAMING

B) Foe 24" 4 eolTe | 3/6" Rs | THE PEARMG
reeh o (015)(0%75) = 02BITH in®

FOR ALL, UNIT PERRBING STRESS o 21 K=,
CWORLING VALUE = GigT15F

FOE TWO s  WORKING YALUE - |7,379FK

)

. TWO POVTS WouLD Be 2K, Foe ANY JOINT
IN QUR TRUSS V5ING THE- GUSSET ®s 1N SINGLE
SHREAR AS oVp PARAMETER

L) FUR LEGS OF 45 |4 SINGLE BEARKING &/ MiA,
THICKNESS ofF 2l ) CONDITIONS SAME AS

Foe. (&)
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i DENVER SERVICE CENTER
Area ArUINGTON  House of

Project EN@K 2 D\,{ By M ACDONALD Checked Pkg. 504

Feature Top OHOED 60HH§CTIOA9 Date 4/"‘/61 Date Account

o MEMPERS AR & DE- AMAL lorD =1li47F

UsE THEEE */4Y & BOLTS ADTS F
Goop ek |4.8 K

e MEMPEES Bc § Pe, AHUAL LorD = IT.114F

Vse THREE Z4"H PorTs ks
GooD foRr AT LEAST 42 lC

Nge: THZ A¥uMeS Ho ECCENTRICITY o=
MoMENT AT CONNECTIoN . '

ZHDILD YE &4 FY Y\J/
MAVRY
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_ [pk GWMSE | NATIONAL PARK SERVICE Sheet | 0Z 4
A A INGTON B DENVER SERVICE CENTER e
Prolect ENGE . STUDY By MAcDon ALD [Checked Pke. 506
Feature F’NL WUQCJ E:OE )'F:" Date 4,/2,0/91 Date Account

VeSieN FINKL TEUSS To @UPPOET RoOFE LOAPS ON

TRveS "'F" FOR LOADING CoNpITION No. | oW
P2 1026 P
T 2. i y V 7 I/ y T
P : vas PFE (QUTZ IGBER)
% N 1223 PLE (DL
P

P

ﬁ |
gl— ZIL— E\rz RR

Fl= (Q0ob)f + (1) (1oa2)( 1283 + 64:5)) 28674 ™

e& = (32) ( 102:@/7, + (%) (1.042)( &2 + (o‘%S)/Z = BS5P5.HHF

P = (90026) + (4)(1012) (183 +04.8 )= ooy ¥
R+ B = f+ 1, 4+ )b 2852 s

Z M = 0F - 14 -22f +185 8 -\4E

foe reccA
ZF - Folioe — Rrpesg, — Tor = ©

141




FORMD S C - 44

Park  GWMP - NATIONAL PARK SERVICE shestinid
Ao LZUINGTON HOUZE DENVER SERVICE CENTER =
Project QNGZ éwo\r : By MA&MAW Checked Pkg'?Ob
Feature EInNkE TRUSS ForR 'e " |Date 4./7,0/9-2 Date Account
FOok ABCGA
A P - e Fzod T 4l
i /I-O’IZ E'&/Ilﬁa'l—ﬁ %/163&(0 T , '
(sHT. a2)
[ 5o
JoinT P! FoFap e bOIB B L B 100304 B

(402
I" ZF\/ = l'ﬂl%e F&? b % = p

o+ AN lys.

Fo, = 2595.6/
Fo = (Foc + 1153:35) s

NoinT "6’ TF, - w40las -7, - 04144 F,_

<

P o 20AT 2.0 Logt] By

TH, - 81 +722F, -2B5R -2 0 + »2(23%33) 0,

7.9%%k
F1ED B - 22 (v40)Fp _ 14 (1O) Rp ~ 0
1.5%%0 10472

= 04,9400 + AL, THT.0 + 94917 Fe -15.0515 F

- 725 éb f?(d(zu, =g
= 207,212:6 + %4 -4t Fp - 154515 £, —35 K_

- 2l Z”, '-70
= 20l 1150 4 24,917 (2091 - 10%T| By)
— 156515 Fep - %% (guth.v - quA -Us ¥, =0

e
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“ Parkk  GWM ¢* NATIONAL PARK SERVICE Shee! | 54

DENVER SERVICE CENTER
Area AZLINGTON Houvse *

Project ENGIZ QTVD\T By HthONALQ Checked Pkg. 0o

Feature t:INK— TRUSS 'FOE “F’h Date 4}10/622 Date Account

ZMu= 27,0%7.% - 60404 €, - 25.6515 F,, = O

ZMe = ©(3Y.2 - ) - 2019%4 - 1156.2 +225

~14Fe,
= 81 586 s208 B~ 14[-‘:»/“0”— F,,%%m'
"R senu ]
Join "¢’ ZF\/ = V2% - 0401 Bpe + 23333 £ _o

7.5%%0
= 227%0.7 —0-40l F, + 040l (2A72)

4 ST
i Fpg e TRAZLE, o BHU-T0 [gu0)
= 1.29% Fy 4+ %158 %0

SM, - 225 KL — 94,%5_ 105,830 — 19-2859 .,
+ %5%07 6 + 5149 F_, =0
= 22% € - 2%l F, - lboineo-L

Z M, - 211, 087:5- b0 469 (86872~ B.)
— 250815 [ Fre — 175365
- - 1€5,333.784 + LO.46ABL - 25.0625 [$158.90 |

= -395 \91. 05 +o.464 b — 53798 Feq
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B VTOALRARK gERuice | L0
Area AQL | A QE of
Project Eﬂ:ze-rgo"ﬂ) ’D\( By MAODO)\\ A LD [Checked Pkg. Sob
Feature F IN 14 T@Uéé FOQ rF ¥IDate 4 /7/0,/92 Date Account

VB 09124 F,, + (535 4L

S IMe = 15 (00114 B + 0975:46) - 279,871 Res
— o, 4%0-7
12 Fop o = 13 2884
Es =~ @@l s
e e CC)
297 \bs

ey

B\l Botdss = Bb2
= 300 4 |bs.

doint e

2F =y f, +22932 B, 040l K. -0
1.9%¢0

F _.,[zzso'z F 17373 («mue.t)]

- 48%0.4 \bs (T)
Fan = -39 + 27385

- -102%.0% |bs . 708305 |k (T)
b= loates los (C)
Fog = 26M6M -2522.0 - del 3= bH01A'"BE
fos = »ovpmabs ()
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AZLINGTON Hovse DENVER SERVICE CENTER ¥

Project ENGE. ewm/ By MACWNALD Checked Pkg. H00
Feature EIhk TRVSS For "F':" Date 4/20/62 Date Account
ol
Heck”
< o I

EFH = - 40087 + 0369+ Lot %€ = O
ABC G A
”C'H'£0b“

TMpe 20T1%0 = 294 43| + 15T, 41| = 9.7
-275% b10: 40 = 0.719 F+.L (OFE

+ s
CHECL
‘ZMA = 1% fz + s {'A(ﬂfz +b4 ¢ -»5 {ZL"U‘EH_
Sk -3¢ Lg -ULISEg =0
= 19,4184 + 147,1732.% + 182 612k — 1805
- 555545k

—_ - lu%Ff’(Vs @
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Feature FIN\L TRUSS FoP W F I' |Date 4/10/%1, Date Account

Wew MeMPEES 6 & UF ; V= »9m]4 lbe (&)
L= 818 y Fy=te kel
Ki= (I10)(8719) = .19
Use 1 Lo 2xmx Y4

Goop FOoR ||F w/ AN EFFECTWVE LENGTH
oF 15 Bt (X-X pN9)

ChECE-" b = %)), - 1T £ ‘Ha\ﬂ:; = 207 @

Wep Mempere Ce % CF | f, - Gliellbs ()
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ﬂ: .15 ) i 1575

Vg Lo By x B g Va
Gowop FoR. 12K W/ AN EPFECINE LENGTH OF 1% FY
(- X M%)

check Wt = 28/, o 14 X el Ho oo

Ty 245 2 x P2 x5/e
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Project ENGR gTUD\( ) By MMVON'\L‘D Checked Pkg. 60(&
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United States Department of the Interior

NATIONAL PARK SERVICE

DENVER SERVICE CENTER-NATIONAL CAPITALTEAM
5600 Columbia Pike /Room 312, Falls Church, Va. 22041

H3015 (DSC~TNC)
GHMP-506-35 FEB 18 1982

Memorandum
To's Superintendent, George Washington Memorial Parkway
From: Chief, Branch of Cultural Resources, National Capital Team, DSC

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

Subject: . Engineering Study of Central Section Roof

As part of the engineering study of the roof support structure in the main
block of the Arlington House, an investigation was conducted on February 11

to determine tbe condition of the truss members which pass through two masonry
chimneys. Participating in this investigation were Jim Askins, Bill liose,

and Jim Gilbert of the Williamsport Training Center and Pat Macdonald of this
office.» Working in the attic, they removed the brick on the interior side of
the chimneys in the area surrounding the truss members. Exposed was one truss
end in satisfactory condition (south side) and the other (north side) seriously
damaged by no longer active powder-post beetle and brown rot. The wood
deterioration problems stem from moisture intrusion from around the flashing
which has since been brought under control. '

Because.of the extent of the damage already incurred, it was necessary that
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 epoxies such as the Beta materials manufactured by the Dell Corporation.
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. Also, the expertise to accomplish this undertaking is readily
available at the Williamsport Training Center. If you are interested in
pursuing this type of solution to the problem described, please contact

Jim Askins at 301-223-7872 for a cost estimate and time schedule.

/s/

Charles F. Bohannon : Jﬂyﬁ
, o
TNC:PSMacdonald:hds:2/13/82:2224 /"f.

cc: NCR, Mr. Goeldner ) . )
: 381
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United States Department of the Interior--

DENVER SERVICE CENTER - NATIONAL CAPITAL TEAN
NATIONAL PARK SERVICE beor o
WASHINGTON, D.C. 20240 .

IN REPLY REFER TO!

H30 (DSC-TNC) 16 e - L ‘
ﬁkrﬁ,upi e e
Memorandum
la\\%
: Assistant Manager, National Capital Team, Denver vice 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 py fungal attack or insect damage to structural members were

also discussed.

The findings of our investigation arerecorded 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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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.

Ol
A

James S. Askins

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