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1.0 EXECUTIVE SUMMARY

The General Albert Jenkins House is a
Federal style building constructed in 1835. Itis a
multi-wythe brick masonry structure on a
sandstone foundation, with pocketed joists
running north to south supporting the tongue and
groove flooring. The joists are nominally
2.5 inches wide by 12 inches high, placed
approximately 18 inches on center. Plaster
covered wood beams, which run east to west at
one third spacing beneath the first and second
floors (and are pocketed in the exterior walls and
in the masonry walls which separate the entry
hallway from the east and west rooms), provide
additional support for the joists and flooring.

In accordance with authority provided the U.S. e 2 ot et TR e
Army Corps of Engineers under Section 301 (a) North side of the Jenkins House

of the Water Resources Development Act
(WRDA) 1986, Section 30 of WRDA 1988, and Section 546 of WRDA 2001, the Jenkins House was recently
rehabilitated to stabilize it against on-going degradation. Major sources of degradation have been addressed
and much of the building rehabilitated. The following was prepared to address concerns regarding the ability
to safely load the first and second floors. Specifically, the goal of this work was to analyze if any loading
restrictions need to be employed to help preserve the structure until further funding is made available to
complete the restoration and reconstruction of the home.

On September 21 and 22, 2011, a forensic investigation was undertaken of the wood components at the
Jenkins House. The purpose of this investigation was to assess the load bearing capacity of the first and
second level floors and to provide recommendations for remediation, where necessary. The investigation
was performed using nondestructive and minimally invasive investigation technologies including IML drill
resistance, Arborsonic ultrasonic testing, and SIR 3000 ground penetrating radar (GPR) with a 1.5GHz
antenna.

The wood in the structure appears to be pine but the flooring may be a different species of pine from that
used in the joists and beams, or possibly spruce. The principle deterioration mechanisms are assumed to be
exposure to wet conditions and the presence of termites. Intermittent wetting and drying of wood is
conducive of wood rot, and weakens the wood making it more susceptible to insect attack. To mitigate these
conditions we recommend consideration of the use of borate rods, strategically placed (i.e. along the outer
ends of the joists) to allow the unwanted presence of water to provide a transport medium for the borate.
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The results from the investigation indicate that the structural conditions at the first floor require remediation.
Previous installation of some sistered joists, and screw jacks beneath the transverse beams, provide some
temporary stabilization, but further steps are required. We do not feel the current temporary repair of the first
floor warrants load testing as it does not represent an engineered solution and any resultant data would be
unreliable. Screw jacks supporting deteriorated beams on which sistered joists are seated could easily fail
catastrophically during load testing, or subsequently during use and, upon seeing the conditions and testing
the wood, we conclude a designed solution is required to avoid potential damage to the structure or
life/safety issues for future visitors or occupants. In the present condition, we recommend that a maximum
limit of six persons be established in each of the two downstairs rooms. We further recommend that no more
than four persons be allowed in the entryway between the downstairs rooms at one time.

The condition of the second floor joists suggests that second floor usage, with minor restrictions, can be
accommodated without the need for additional stabilization. Based upon our review of the investigation data
and subsequent calculations, we determined that the conditions meet the International Building Code live
load floor limit of 40 Ibs/ft>. While higher occupancy might be accommodated, we recommend that a
maximum of 25 persons per room be established.

The stairway and landing between the first and second floors may need remediation and structural
strengthening. We therefore recommend that no more than five persons be allowed on the combined
stairway and landing at the present time.

2.0 INVESTIGATION TECHNOLOGY

2.1 Drill Resistance

Resistograph technology allows for the determination of the extent of decay in the timber and wood
components of a structure. The 3-millimeter drill bit causes virtually no damage, and was developed by
arborists for use on living trees. The resistance to the drill, rotating and advancing at a known rate of speed,
is graphed and the data evaluated. Damage due to water, excessive drying, insect infestation, wood rot or
fungi, and other deterioration mechanisms is indicated by the loss of competency of the softer parts of the
wood like the lignin and cellulose as well as in the deterioration of the hard wood in the early and late growth
rings. The technigue does not quantify the cause of decay, rather the impact on the integrity of the wood.
For the Jenkins House investigation, this was the principle technology employed to assess the wood flooring,
joists and beams.

2.2 Ultrasonics

This nondestructive investigation technology utilizes an acoustic
pulse to analyze the integrity of materials. The principle is based
upon the time of flight (TOF) of the signal and analysis of
variations from the baseline speed. For this investigation, an
Arborsonic device, designed for wood evaluation, was employed.
While wood is heterogeneous and considerable variations occur
within a given species grown in a single area, large variations in
the TOF are often attributable to decay rather than natural
variation as long as the orthotropic nature of wood is taken into
account.. The ultrasonic technique is used to detect voids,
delaminations, and imperfections in wood, concrete, or masonry
structural components. Its use in this test program was to
corroborate the data ascertained using drill resistance.

3+ 9 o
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Ultrasonic testing of joists

2.3 Ground Penetrating Radar

GPR is best known for its use in geophysical investigations. Recently, the technology has found application
in the building investigator's toolbox. GPR equipment can detect the thickness of materials, embedded
components, voids, and other changes in the density of individual components or between components in a
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composite structure. Its primary use at the Jenkins House was to help locate items not visible to the naked
eye.

3.0 INVESTIGATION PROTOCOL

The testing program began with ultrasonic testing of the first floor joists. The testing was performed from
below on exposed sections of wood. The investigation was first performed in the west basement and then
the east end was tested. Select joists under the entry hallway were also evaluated. The program utilized
both direct (transducers on opposite sides of the joists) and indirect (transducers on the same side of the
joist) testing. Ultrasonic testing was then performed on representative flooring on the first floor; in the
rooms at the west and east sides, and along the entry. Subsequently, the lower and upper stairway landings
were selectively tested. The ultrasonic evaluation concluded with
the testing of representative flooring at the west and east ends of
the second floor, and in the bathroom area.

A total of 52 direct ultrasonic tests were run on the first floor
joists. The short distance between the transmitter and receiver
transducers (the joists are nominally 2.5 inches wide) resulted in
data that was difficult to analyze so the decision was made to
concentrate on indirect testing using a spacing of 2.0 feet. This
spacing was chosen to include a representative portion of the
wood component and to allow some of the natural variation in the
wood to be less of a factor in the test results. Using the Indirect
testing method also allows for near surface conditions to be

assessed. A total of 42 indirect tests were performed on the first
floor joists; all located 2.5 to 3 inches from the bottom of the
member. All 144 tests performed on the flooring utilized the
indirect testing method. Appendix A contains maps of the
ultrasonic testing locations and the resultant test data.

Ultrasonic testing of flooring

The second day of the investigation focused on drill resistance
testing. The program followed a similar protocol as that
established for the ultrasonic testing. A total of 106 tests were
performed on the first floor joists from below. In addition, five
tests were performed on the transverse, plaster covered beams
through openings in the plaster. Testing was then performed
from above on the second floor with the locations selected to
allow drilling through the flooring and into the joists from above.
109 tests were performed in this manner. The testing on the
second floor included select locations in the bathroom and on the
stairs and landings, where 12 tests were run. GPR was
employed to locate the joists in these locations so the tests would
include the supporting components. Drill resistance testing of joists

Testing of the first floor flooring encompassed the entry hallway and west and east rooms. Here again, the
representative drilling locations were selected to facilitate testing of both the flooring and joists (this time from
above). A total of 45 tests were performed along the first floor. Maps of the drill resistance test locations can
be found in Appendix B.
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4.0 VISUAL ASSESSMENT

The condition of some of the joists and flooring can be
observed during visual examination. A number of first floor
joists are clearly deteriorated, as are the third point beams
and certain floor boards. As part of this investigation, the
second floor joists were visually assessed by removing the
loose flooring along the north and south walls. While drill
testing and ultrasonics form the basis for the forensic
assessment of material condition, of concern was the extent
of the pocketing of the joists and the depth of the seat
supporting the joists as it relates to the load bearing capacity
of the floors. Six measurements were taken that ranged from
2 inches to 2 5/8 inches. The ability to directly measure these
conditions provided critical data for our analysis of the load
bearing capacity. A minimum of 2” of seating was used in our
calculation of the load bearing capacity of the 2" floor and its comparison to code requirements.

S RN
Exposed pocketed 2" floor joist

5.0 DATA ANALYSIS AND FINDINGS

Upon our return from the Jenkins House, we commenced to download and analyze the investigation data. In
all, 277 drill resistance tests required analysis and correlation with the 186 indirect ultrasonic tests (converted
from time in microseconds to velocity in meters per second). Representative drill resistance test graphs are
included in Appendix C. A complete set of drill resistance graphs will be included on the DVD that
accompanies the final version of this report.

51 First Floor Joists

The ultrasonic velocity of the first floor joists ranged from 2420 to 1680 meters per second (m/s). In 5 test
locations the wood in the joists was too deteriorated for the sonic signal to find a pathway between the
transmitter and receiver. Areas that were not testable (NT) using ultrasonics correlate with areas of the
greatest loss of competency as determined using drill resistance. Many of the tests were in the lower end of
the testing range, indicative of wood deterioration, but this data was somewhat inconclusive.

Deteriorated joist Deteriorated joists w/sistered components

The primary technique used in this investigation to assess the location and extent of decay was the drill
resistance testing. The interpretation of drill resistance graphs is based on a number of factors. The wood
type, direction of the milling of the lumber, as well as where the lumber was taken from in the tree cross-
section, largely determines the nature of the graphed data. The drill detects annual growth rings, early and
late wood, sapwood and hardwood, as well as the condition of the lignin, cellulose and other softer parts of
the wood structure. Horizontal, load-bearing members are in compression in the upper half of the
component and tension in the lower, making the condition of the wood in the lower portion far more critical.
Decay can occur from the outside inward, from the inside outward, or progress as a cone shape from the
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ends. This is especially noticeable in pocketed components of historic (wet) masonry walls or post bottoms
exposed to damp conditions. The rate of rotation and advance of the drill must also be taken into account in
the data interpretation.

If we examine drill resistance graphs #9 and #11, included in the appendix, we see 90 to 100% loss of
competency in areas where data from the ultrasonic testing was unobtainable due to the advanced state of
the decay. The drill resistance graphs are read from right to left and, in the case of the first floor joists testing
from below, start at the bottom of the joists. Test #76 was performed in an area also deemed un-testable
using ultrasonics. Interestingly, at this location there is 100% loss of wood in the bottom 3 inches but then a
degree of competency is recorded. However, as noted above, the critical area of a joist or beam is the
bottom half, so this loss completely compromises the joists’ ability to carry load. Test #16 is an example of a
competent wood section and correlates with an area where the ultrasonic test result was 2250m/s which is in
the upper range of the ultrasonic tests results for the joists. It must be taken into account in comparing the
test results that the tests are of different types and that the drill testing is being performed at a right angle to
the ultrasonic testing.

First floor drill resistance testing from below was performed at 111 locations. Five of these tests were at the
third point beams. In addition, 45 tests were performed from above; through the flooring and into the joists.
The testing from above included the entry way. Appendix D contains a table of the estimated % of loss of
wood competency in the joists and flooring at each test location. Based on our assessment of the
investigation data, our findings are that the joists supporting the first floor are significantly deteriorated. The
two beams that support the third points of the joists are also seriously deteriorated and, though the screw
jacks provide additional support, the current system remains problematic and should be viewed as a
temporary fix.

Py AR
Significant deterioration in third point beam Deteriorated pocketed beam end

Additionally, the ultrasonic and drill resistance testing indicate that the joists under the entryway are seriously
compromised. Two ultrasonic tests indicate virtually complete loss of competency (the third was performed
on a sistered component), while the 11 drill resistance tests indicate 80 to 100% loss. As the current
sistering does not appear to adequately transfer loads to competent components, this area should be
remediated.

5.2 Second Floor Joists

As regards the second floor, the seating of the joists appears adequate and the condition of the wood is
good. Dirill resistance testing on the second floor frequently required decreasing the rate of advance of the
drill due to the integrity of wood. The drill resistance tests results indicate that far more competency remains
in the second floor joists than is the case on the first floor. Ultrasonic testing of the joists on the second floor
was not possible due to the presence of the ceiling plaster.
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5.3 Flooring
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Deteriorated floor board

Damaged unsupprted flooring

The tongue and groove flooring appears to be in reasonable condition except where visual signs of distress
are noted. The ultrasonic test results for the flooring on the first floor ranged between 2720 and 1920 m/s.
The test results at the lower end of the range were in areas of obvious visual deterioration. The results
recorded on the second floor ranged from 2720 to 2090 but, on average, were higher than those for the first
floor. The results of the drill resistance testing of the flooring supports a conclusion that the wood has
suffered to varying degrees from the affects of age and wear but is still serviceable, except where visual
deterioration is noted.

5.4  Stairs and Landing

The primary focus of the investigation was the first and second floors, however some testing of the stairs and
landing was performed. While not comprehensive, the results suggest that the wood in the stairs and
landing has experienced deterioration. We therefore recommend consideration of reconstructing the stairs
or installing a substructure to reinforce the existing components. It should also be noted that the stairway
railings are suspect and require remediation.

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 First Floor

Based on the deteriorated condition of the wood, the first floor joists require sistering throughout. This
sistering should be done simultaneous with the replacement of all four third-point beams. It is our
recommendation that the entire floor system below the west and east rooms be braced in a manner to allow
for the pocketed beams to be removed and replaced by a new 6 inch X 6 inch timber beam. The new
sistering should be installed during this process to potentially allow for the installation of full width members.
These members should be placed adjacent to any currently unsistered joists and, if desirable, should replace
the current joists that do not run from wall to wall.

The general sequence of work we recommend is: 1) install centered, temporary shoring for the existing
joists, away from the existing beams, 2) remove screw jacks, 3) cut and remove the existing beams, 4) install
the new sistered joists, 5) pour (8) 3-foot x 3-foot x 12—inch-tall concrete pads for new timber posts (to be
installed 6 inches +/- on center from the beam pockets), 7) prepare (3) 6-inch x 6—inch beam sections at
each beam location to span from the walls to the posts and between the posts, 8) place beam sections in
position and temporarily secure, 9) install 6-inch x 6-inch timber posts on pegs in footing, 10) install corbels,
11) secure corbels to posts and beam sections, 12) remove temporary shoring. See the drawing on the
following page provided by our consulting structural engineer for suggested details. The drawing is only
meant as a suggested detail and the final design drawings for the repair should be prepared by Corps of
Engineers staff.
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The repair is designed to accommodate the use of the rooms on the lower floor of the Jenkins House as
“Assembly” areas per the International Building Code. While 100 psf may be in excess of the original
capacity, the proposed remediation will not substantially alter the historic character of the house and will
provide for long-term stability while appropriately addressing the deteriorated conditions. The structural
calculations on which this design is predicated follow.

REPLACE 1°" FLOOR /BASEMENT BEAM AND COLUMN STRUCTURE

ASSUME ASSEMBLY LIVE LOAD = 100 PSF
+_20 PSF DEAD LOAD
120 PSF TOTAL LOAD

W KLF=.12x6.33 = .76 KLF
L= 6%

M=.76x6.33% / 8=3.8

ASSUMES S-P-F SELECT

S REQ'D 3.0X12 / 1.300X35.1

SA 6X6 ROUGH = 36" 6X6 ROUGH SPF

CHECK 6X6 DF-L SELECT OR SP. #1
FB= 1500 PSI
SA=3.0X12/ 1500=30.4

POST .76X6.33= 4.8" 6X6 OK
FOOTING P=4.8 6X6 ROUGH DF-L SELECT
ASSUME SOIL BEARING=1000 PSI OR SP#1 OK
A=4.0
2-6" SQ OK

Under the entry hallway, the existing sistering does not appear to be sufficiently supported except where
directly seated on the stone foundation walls. The support in this area should be re-engineered to assure all
joists (and/or sistered components) are well seated in the walls. The intermediate, mechanical room wall
towards the north side of the area should be used to support the free ends of the joists and sistering, and
reinforced as necessary to carry these loads. Closer spacing (<18 inches on center) should be used for the
joists and sistering spanning from this wall to the foundation wall on the south side of the structure.

All floor boards exhibiting visual distress should be removed and replaced.

The remediation recommended for the first floor is intended to provide a live load bearing capacity of
100 pounds per square foot (Ibs/ftz).

6.2 Second Floor

Based on the dimensions, material properties and condition of the wood in the joists, the depth of the joist
seat in the walls, and the calculations of our consulting structural engineer, we have concluded that this floor
does not require structural remediation at this time. This floor appears capable of meeting the residential
floor live load requirement of 40 pounds per square foot (Ibs/ftz). No upward or downward modifiers were
applied to the calculation, either for allowable bending stresses or for bridging between the members. To be
conservative, we recommend a limit of 25 persons be placed on occupancy of each of the second floor
rooms at the west and east ends of the building. While the floor may accommodate higher loads, we feel it
would be prudent to set a limit in this regard. The calculations on which this recommendation is based
follow.
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As is the case on the first floor, any floor boards exhibiting visual distress should be replaced.

2"° FLOOR JOISTS ASSUMES S-P-F SELECT FB=1300psi
E= 1300kKsi

L=20° EXISTING 2 % X12” @ 18 O.C.
SAT60
IA=360""*

MA=60X1300 / 12=6.5"

W, r =6.5X8/20°=130""F

W,r=.130/1.5=0.87""F

ASSUMING 20 PSF DEAD LOAD

LIVE LOAD CAPACITY=.087-.02=.067""

IF 40 PSF IS REQUIRED FOR OCCUPANCY
.04/.067=.60 40% LOSS OF CAPACITY IS
ACCEPTABLE

6.3 Stairway, Landings and Bathroom

Consideration should be given to upgrading the stairway and mid-stair landing. The railings are questionable
and the risers and steps are in poor condition. Combined, these issues pose both a trip and failure hazard.
The original configuration of the stairs appears suitable for a 40psf load, assuming a central stringer carriage
at midspan (unconfirmed). Testing was not performed on the stringer carriages (or joist or beam at the
landing) but, based on the other test results for the wood in the stairs and landing (and the condition of the
entryway joists), it would be prudent to assume a lower load bearing capacity at present (i.e. 15- 20psf) and
to supplement the existing components by sistering in elements (including ensuring a competent central
stringer carriage is in place). In present condition, we recommend that a limit of 5 occupants at any one time
be placed on the combined stairs and landing. Any redesign or supplemental support should be developed
in conjunction with the U. S. Army Corps of Engineers (USACE) historic preservation officer to assure it is
appropriate to the historic character of the building.

6.4 Wood Treatment

To preserve the existing wood and to protect new components, we recommend that consideration be given
to installing borate rods. Borate rods look like glass rods and come in a variety of sizes. They are formed
from water-diffusible borates and are highly toxic to fungal decay and control insect infestation. The rods
should be placed in drilled holes at strategic locations. Exposure to water activates the borates and serves
as a transport mechanism carrying the material through the wood. When conditions are dry, the borate
remains where transported but as new water enters the wood, the rod disperses additional borate. The life
expectancy of the borate rods is based on the frequency of exposure to wet conditions. This method is
preferable to surface treatment which diffuses when wet and loses its effectiveness.
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7.0 CLOSING

The following summarizes our recommendations for usage based on current conditions;

First Floor Entry Area: A maximum of 4 persons at any given time
First Floor East and West Rooms: A maximum of 6 persons at any given time in each room
Stairway and Landing: A maximum of 5 persons at any given time

Second Floor East and West Rooms: A maximum of 25 persons at any given time in each room

The above recommendations should be reviewed by a USACE engineer and any subsequent design
executed and approved by the Corps of Engineers. For further information on borate rods, we recommend
visiting: http://www.prginc.com/Borates/impel.html and http://www.systemthree.com/store/pc/Borate-Rods-
c41.htm. A web search for “borate rods” will provide additional information.

If you have any questions about the contents of this report, please contact us at your convenience.

Sincerely,
Sincerely,

GOLDER ASSOCIATES INC.

P A N

Mark Liebman Matthew A. Benson, L.G.
Senior Consultant Associate, Geophysics Group Manager

Attachments:  Appendix A; Ultrasonic Testing Location Maps
Appendix B; Drill Resistance Testing Location Maps
Appendix C; Drill Resistance Testing Maps
Appendix D; Estimated Percent Loss of Wood
Appendix E; Structural Engineering Memo
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APPENDIX A
ULTRASONIC TESTING LOCATION MAPS



Ultrasonic Testing Locations and Results
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Ultrasonic Testing Locations and Results
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Ultrasonic Testing Locations and Results
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APPENDIX B
DRILL RESISTANCE TESTING LOCATION MAPS



Resistograph Testing Locations
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Resistograph Testing Locations
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Resistograph Testing Locations

Second Floor
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APPENDIX C
DRILL RESISTANCE TESTING GRAPHS



Measuring / object data Cavity detector

: . Start / stop level D ---
Measurement no. : 9 Needle speed : 5000 r/min Diameter : h L
ID number : JENKINS HOUSE ~ Needle state : ok Level Jximum start depth : -
Drilling depth : 12,083 " Tilt 1 172°(19) Direction : Level / width L
Date : 22.09.2011 Offset : 125/233 Species : Start / sto L
Time : 08:36:37 Avg.curve  : off Location : Resulting?ength -
Feed speed : 39 "/min Name Cavity o
Amplitude [%]
. {00
80
60
40
) 20
- 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Drilling depth [Inch]
Assessment Comment
From 0,14" to 9,47" : Very Poor 09
L] From 947" to 11,03" : Poor Joist drilled from the basement level up towards
From 11,03" to 11,39" : Very Poor the first floor.
] From 11,39" to 12,07" : Poor
| From 000" to 0,00":
] From 000" to 0,00":

Measurement009.rgp



Measuring / object data Cavity detector

. . Start / stop level D ---
Measurement no. : 11 Needle speed : 5000 r/min  Diameter : h :
ID number : JENKINS HOUSE  Needle state : ok Level : mg’é'g‘”m start depth : -
Drilling depth : 10,677 " Tilt 1 178°(1°) Direction : Level / width L
Date : 22.09.2011 Offset : 126/232 Species : Start / stop L
Time : 08:38:42 Avg. curve  : off Location : Resulting length L
Feed speed : 39 "/min Name Cavity

Amplitude [%]
s 1 00

80

60

40

20

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Drilling depth [Inch]

Assessment Comment

From 0,03" to 10,68" : Very Poor 11

] From 0,00" to 0,00": Joist drilled from the basement level up towards
] From 0,00" to 0,00": the first floor. This test shows the wood to be
] From 0,00" to 0,00": very deteriorated throughout the joist.

| From 0,00" to 0,00":

| From 0,00" to 0,00":

Measurement011.rgp



Measuring / object data

Cavity detector

: . Start / stop level D ---
Measurement no. : 16 Needle speed : 5000 r/min  Diameter : h D
ID number : JENKINS HOUSE ~ Needle state : ok Level Jximum start depth : -
Drilling depth : 11,398 " Tilt :177°(1°) Direction : Level / width L
Date : 22.09.2011 Offset : 122/228 Species : Start / sto .
Time : 08:48:38 Avg. curve  : off Location : Resultingﬁ’ength -
Feed speed : 39 "/min Name Cavity .
Amplitude [%]
50
40
30
|
- 10
-0
16 15 14 13 12 11 10 9 8 7 4 3 2 1 0
Drilling depth [Inch]
Assessment Comment
] From 0,12" to 0,81": Poor 16
From 081" to 4,01": Fair Joist drilled from the basement level up towards
From 400" to 9,46" : Good the first floor. This graph is representative of
From 946" to 10,46" : Fair competent wood for the lower level of the
From 10,46" to 11,38" : Good house..
] From 000" to 0,00":

Measurement016.rgp




Measuring / object data Cavity detector

. . Start / stop level D ---
Measurement no. : 76 Needle speed : 5000 r/min Diameter : h :
ID number : JENKINS HOUSE ~ Needle state : worn Level : mg’é':‘”m start depth : -
Drilling depth : 7,173 " Tilt :175°(1°) Direction : Level / width L
Date : 22.09.2011 Offset 1 172/194 Species : Start / stop L
Time : 10:53:40 Avg. curve  : off Location : Resulting length L
Feed speed : 39 "/min Name Cavity

Amplitude [%]
e e )

40

30

20

- 10

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Drilling depth [Inch]

Assessment Comment

From 0,11" to 2,67" : Very Poor 76

From 267" to 5,34" : Good Drilled joist from basement level up towards first
From 534" to 570" : Fair floor. The majority of the wood in the area of this
From 570" to 7,18" : Good test is visibly deteriorated and most was not

] From 0,00" to 0,00": testable. Note the complete loss in the bottom
] From 0,00" to 0,00": half of the joist and decay occurring around 5.5".

Measurement076.rgp



Measuring / object data

Cavity detector

: . Start / stop level D ---
Measurement no. : 123 Needle speed : 5000 r/min  Diameter : h D
ID number : JENKINS HOUSE ~ Needle state : ok Level  : Jximum start depth : -
Drilling depth : 11,846 " Tilt :-0°(1°) Direction : Level / width L
Date 1 22.09.2011 Offset : 65/190 Species : :

. DO : - : Start / stop D---
Time 1 13:14:37 Avg. curve : off Location : Resulting length L
Feed speed : 39 "/min Name Cavity .

Amplitude [%]
| _ 5
40
| ) 30
20
- 10
- 0
16 15 14 13 12 11 10 9 8 7 4 3 2 1 0
Drilling depth [Inch]
Assessment Comment
| From 0,08" to 1,32" : Floor Board-Good 123
From 132" to 11,86" : Very Good Joist drilled from the second floor down through
__ ] From 0,00" to 0,00": the floor board. The joist is performing very well
__ ] From 0,00" to 0,00": with almost no observable deterioration.
| From 000" to 000":
| From 000" to 000":

Measurement123.rgp




Measuring / object data

Cavity detector

: . Start / stop level D ---
Measurement no. : 161 Needle speed : 5000 r/min  Diameter : h D
ID number : JENKINS HOUSE ~ Needle state : ok Level Jximum start depth : -
Drilling depth : 11,118 " Tilt :-0°(1°) Direction : Level / width L
Date 1 22.09.2011 Offset 1 42/207 Species : :

. o : - : Start / stop D---
Time : 13:55:17 Avg. curve  : off Location : Resulting length .
Feed speed : 20 "/min Name Cavity .

Amplitude [%]
e S sl 400
80
60
| l ' i |
, | | %0
20
-0
16 15 14 13 12 11 10 9 8 7 4 3 2 1 0
Drilling depth [Inch]
Assessment Comment
From 007" to 1,27" : Floor Board-Fair 161
From 125" to 197" : Fair Joist drilled from the second floor through the
From 197" to 11,11" : Very Good floor board. This graph shows very high
] From 0,00" to 0,00": resistance from the wood; above average
] From 0,00" to 0,00": resistance found here compared with other joists
] From 0,00" to 0,00": tested on this floor. Note reduced Feed Speed.

Measurement161.rgp




Measuring / object data Cavity detector

: . Start / stop level D ---
Measurement no. : 198 Needle speed : 5000 r/min  Diameter : h :
ID number : JENKINS HOUSE ~ Needle state : ok Level Jximum start depth : -
Drilling depth : 11,677 " Tilt :-0°(1°) Direction : Level / width i
Date : 22.09.2011 Offset : 58/208 Species : Start / stop .o
Time : 14:52:00 Avg.curve : off Location : Resulting length L
Feed speed : 39 "/min Name : Cavity

Amplitude [%]

I S —————— T B

40

30

- 10

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Drilling depth [Inch]

Assessment Comment

From 008" to 1,24" : Floor Board-Fair 197

From 124" to 223" : Good Joist drilled from second floor down through the
From 223" to 6,55" : Fair floor board. This joist is in fairly good condition
From 655" to 956" : Good though it has a couple areas where the onset of
From 956" to 11,69" : Fair decay may be occuring.

| From 000" to 000":

Measurement198.rgp



Measuring / object data

Cavity detector

: . Start / stop level D ---
Measurement no. : 222 Needle speed : 5000 r/min  Diameter : . L
ID number : JENKINS HOUSE ~ Needle state : ok Level Jximum start depth : -
Drilling depth 19,441 " Tilt :-0°(1°) Direction : Level / width L
Date : 22.09.2011 Offset 1 71/225 Species : Start / sto L
Time : 16:31:46 Avg. curve  : off Location : Resultingﬁ’ength -
Feed speed : 39 "/min Name Cavity .
Amplitude [%]
) [l 100
‘ 80
60
I l‘ 40
20
- 0
16 15 14 13 12 11 10 9 8 7 4 3 2 1 0
Drilling depth [Inch]
Assessment Comment
From 0,07" to 1,12" : Floor Board-Fair 221
From 1,12" to 9,45" : Very Good Joist drilled from the second floor down throught
__ ] From 0,00" to 0,00": the floor board. This test shows some very high
__ ] From 0,00" to 0,00": resistance from the growth rings of the wood and
| From 0,00" to 0,00": the nature of how it was milled.
] From 0,00" to 0,00":

Measurement222.rgp




APPENDIX D
ESTIMATED % LOSS OF WOOD COMPETENCY



Drill Resistance Testing
Estimated % Loss of Wood Competency

West Room - First Floor Joists (from below)
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

1 90 9 90 17 40 25 70 33 30 41 30 49 100 57 70 65 60

2 80 10 40 18 20 26 30 34 30 42 50 50 40 58 90 66 70
3 100 11 100 19 20 27 20 35 30 43 70 51 40 59 60 67 100
4 70 12 100 20 10 28 40 44 70 52 20 60 100 68 100
5 90 13 80 21 50 29 30 45 40 53 80 61 60

6 70 14 70 22 40 30 50 46 40 54 20 62 40

7 80 15 30 23 30 39 40 47 60 55 60 63 30

8

80 16 20 24 60 32 40 40 60 48 70 56 80 64 30

Third Point Beams
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

31 70 36 60 37 50 38 90 92 60

East Room - First Floor Joists (from below)
Test #: % Loss Test #: % LossTest #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

69 50 75 60 81 30 87 40 93 30 99 30 105 60 111 90
70 50 76 80 82 10 88 30 94 50 100 40 106 40
71 80 77 20 83 70 89 40 95 40 101 60 107 30
72 70 78 50 84 50 90 30 96 60 102 30 108 30
73 70 79 80 85 60 91 30 97 60 103 40 109 50
74 60 80 80 86 50 98 60 104 30 110 30

West Room - First Floor Joists (from above)
Test #: % Loss Test #: % LossTest #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

259 40 261 30 263 40 265 80 267 100 269 80 271 70 273 70 275 70 277 40
260 30 262 10 264 40 266 100 268 40 270 70 272 70 274 50 276 90

West Room - First Floor Flooring
Test #: % Loss Test #: % LossTest #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

259 20 261 10 263 10 265 30 267 100 269 10 271 70 273 40 275 30 277 10
260 10 262 10 264 10 266 90 268 10 270 20 272 20 274 0 276 50
Entry Area - First Floor Joists (from above)
Test #: % Loss Test #: % LossTest #: % Loss Test #: % LossTest #. % Loss Test #: % Loss Test #: % Loss Test #. % Loss Test #: % Loss Test #: % Loss

247 100 249 100 251 100 253 90 255 80 257 90
248 80 250 90 252 80 254 80 256 80



Drill Resistance Testing
Estimated % Loss of Wood Competency

Entry Area - First Floor Flooring
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

247 100 249 20 251 30 253 20 255 20 257 10
248 20 250 30 252 30 254 20 256 50
East Room - First Floor Joists (from above)
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss
233 80 235 70 237 60 239 60 241 60 243 70 245 70
234 30 236 30 238 30 240 70 242 70 244 60 246 70
East Room - First Floor Flooring
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

233 10 235 30 237 30 239 40 241 30 243 20 245 10
234 30 236 40 238 10 240 40 242 20 244 30 246 20

West Room - Second Floor Joists
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

112 10 119 0 126 20 133 10 140 10 147 0 154 0 161 0 168 0

113 0 120 0 127 10 134 10 141 20 148 10 155 0 162 0 169 0
114 0 121 0 128 0 135 10 142 0 149 0 156 0 163 0 170 0
115 0 122 20 129 10 136 20 143 0 150 0 157 0 164 0
116 10 123 0 130 10 137 20 144 10 151 10 158 0 165 0
117 0 124 10 131 0 138 10 145 0 152 0 159 0 166 0
118 0 125 0 132 10 139 20 146 0 153 0 160 0 167 0

West Room - Second Floor Flooring
Test #: % Loss Test #: % LossTest #: % LossTest #: % LossTest #: % LossTest #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss

112 10 119 10 126 10 133 10 140 10 147 10 154 0 161 10 168 0
113 10 120 0 127 10 134 20 141 10 148 0 155 0 162 0 169 10
114 0 121 10 128 20 135 0 142 0 149 0 156 0 163 0 170 0
115 10 122 20 129 10 136 0 143 0 150 10 157 0 164 0
116 10 123 0 130 0 137 0 144 0 151 0 158 0 165 0
117 10 124 10 131 0 138 0 145 10 152 0 159 10 166 0
118 0 125 0 132 10 139 0 146 10 153 0 160 0 167 0

East Room - Second Floor Joists



Drill Resistance Testing
Estimated % Loss of Wood Competency

Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

171 10 177 20 183 0 189 10 195 50 201 50 207 10 213 10 217 20
172 10 178 10 184 10 190 30 196 20 202 10 208 10 214 10 218 20
173 20 179 20 185 10 191 30 197 10 203 10 209 10
174 10 180 20 186 10 192 40 198 10 204 0 210 10
175 10 181 10 187 10 193 20 199 10 205 10 211 10 215 20 219 20
176 10 182 10 188 10 194 10 200 10 206 10 212 0 216 10 220 20

East Room - Second Floor Flooring
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

171 0 177 10 183 30 189 0 195 0 201 0 207 10 213 0 217 10
172 0 178 10 184 30 190 0 196 0 202 10 208 10 214 20 218 20
173 0 179 10 185 30 191 10 197 10 203 10 209 10
174 0 180 10 186 20 192 10 198 20 204 10 210 10
175 10 181 10 187 10 193 10 199 20 205 10 211 10 215 10 219 20
176 10 182 10 188 0 194 0 200 10 206 0 212 10 216 0 220 20

Stairs and Landing - Joists and Risers
Test #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss

221 30 223 30 225 40 227 40 229 30 231 70
222 30 224 226 50 228 30 230 40 232

Stairs and Landing - Flooring and Stairs
Test #: % Loss Test #: % LossTest #: % Loss Test #: % LossTest #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % Loss Test #: % LossS

221 40 223 30 225 30 227 60 229 20 231 20
222 40 224 40 226 30 228 40 230 60 232 20



APPENDIX E
STRUCTURAL ENGINEERING MEMO



" I 820 John Street, #201
perhlx Seattle, WA 98109

hyk[) nen phone 206-264-7784

www.pxbyk.com
memorandum
Date: 11/10/11 From: Todd Perbix
To. Golder Associates Project  Jenkins House
18300 NE Union Hill Rd., Ste 200 Project#:
Redmond, WA 98052 Copy to:
Mark_Liebman@Golder.com
Attn: Mark

Re: Structural Engineering

Based on the physical parameters and condition of the wood elements
provided by Golder Associates for the Jenkins House in West Virginia, I
completed a structural analysis of the floor capacity. The purpose of this
analysis was to determine the live load capacity of joists, beams, and
columns supporting the first and second floors. Modifications to maintain or
increase existing capacity, if necessary, were proposed to Golder for inclusion
in their report.

I am a license uctural Engineer in the States of California and

Todd Perbw



Global Issues

Golder Associates is a respected, employee-
owned, global company providing consulting,
design, and construction services in our
specialist areas of earth, environment,
and energy. From offices worldwide, our
employees work with clients to manage their
environmental and engineering activities in
a technically sound, economically viable, and
socially responsible manner.

Local Solutions

Worldwide

Africa
27.11.254.4800
Asia
852.2562.3658

Australasia
61.7.3721.5400

Canada
1.403.299.5600

Europe
44.1628.586.213

North America
1.800.275.3281

South America
55.21.3095.9500

D

Golder
ssociates
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