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Abstract

In late November 1976, the Ringler Dugout was accidently discovered during commercial dredging exca
in Mud Lake, part of Savannah Lakes, Ashland County, Ohio. igh#isance of the find was recognized by
the excavator and the land owner and reported to the Cleveland Museum of Natural History. The craft v
quickly moved to the Museum for preservation and study. A summary of the two phases of the seven a
year preservation process is given. The results of dynamic stability experiments carried out on a scale r
the Department of Mechanical and Aerospace Engineering at Case Western Reserve University demon:
the craft responds slowly and stahtyrolling disturbances. It is a sturdy and heavy boat likely useful in she
swampy waters. Three radiocarbon dates differ from the date reported in 1982. These place the making
of the Dugout in the mideventeenth century.

The largest singl object in the archaeologyleo  phase, the fiberglass cast was made for exhibit and
lections of the Cleveland Museum of Natural History study. The staff of the Exhibits Division, then headed
is the Ringler Dugout. It was discovered by accident by Ellen Waltersproduced the cast from a latex mold
during dredging in Savannah Lake, Ashland County, of the Dugout itself. The preservation process was
Ohio. Freezing weather protected it immediately and successful. The Dugout is now on limited display and
fast actions iniated by David Brose, then Curator of ready for future permanent exhibit. Details of ite-co
Archaeology, got the Dugout to the Museum within a servation follow below. In the second section,
week. The preservation process was successfully
completed seven and one half years later. Before this
completion, the cast, seen in Figure 1, was made anc
became docal point of the Ohio Prhistory Gallery.

It is an excellent replica. Visitors can see fornthe
selves the marks and features left from the
construction of the Dugout and from its use. These
are noted by the small white signs seen in Figure 1.
The ca&t has well served important aspects of the M
seumbébs mission: to inter
to research objects in our collections to obtain new
information to be shared with both general and-pr
fessional audiences.

As noted below in the section by Katharine Ruhl,
a waterlogged wooden craft is a challenge for mus

i tors

i Figure 1. Cast of the Dugout on exhibit in the Ohio
um conservators. Not onlyods the conservation history Gallery, Cleveland Museum of Natural Hist

process takes years, a successful outcome is not gua The text on the white cards points out tool marks
anteed. After problems arose in the first conservation burned or burnished areas on the floor of the craft.
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a week the Dugout had been moved to
the Museum(Brose 1978; Brose and
(S Greber 1982).
Q.

fh\/ oy The Dugout was shaped from a large
Ohio white oak log. The overall length is 690
cm, width 110 cm, and depth 60 cm. The
interior depth was approximately 36 cm
when the sides were intact. Both tool
marks and scorched area® greserved
in the interior (Figures 4 and 5), showing
that the Dugout was hollowed out bly a
ternately burning and scraping, a
prehistoric technique that has beee- d
scribed by early European observers. A
flat platform was retained on either
rounded endOther features still visible
are worn areas in the interior bottom,
presumably where people sat or kneeled
to propel the craft. On the edge of the
highest part of the gunwale still gr
served, a small sergircular notch might
have served as an oarlock. Moprd-
lematic is a deep notch lower down in the
Figure 2. Map of Savannah Lakes, Ashland County, Ohio. A, locatic Opposite exterior side (Figure 6), perhaps
Ringler Dugout (33AS80); B, location of 1957 dugout; C, locatiol also used to assist in paddling or poling
1962 dugout (contour interval in meters above mean sea level). the craft. The hull is elegantly shaped,
with tapered bow and stern (Figure 7).
When excavated, the Dugout was e
technical sudies of the handling characteristics of the tirely waterlogged. The acidic peat bog had protected
water craft conducted at Case Western Reserve Un it from air and destructive organisms during the years
versity are described by Isaac Greber. Determinationjt had been submerged. Although the upper surfaces
of the era when the Dugout was made and used co of both ends and some upper parts of the sides had

cludes the paper. decayed somewhat, most of the interior surface and
the overall exterior shape of the hull were remarkably

Discovery and Preservation of the Rinfgr Dugout well preserved. Waterlogged wood may appear

Canoe sound, even if the cell walls have become degraded,

because the water fills and supports the cell structure.

Savannah Lake lies at thedubvaters of the \fe However, after excavation, drying out would nakura
million River in Ashland County, Ohio, near the |y begin. When water evaporates during drying, a
divide between the drainage systems of the Greatweakened cell structure can collapse unless apipropr
Lakes to the north and the OhRiver to the south  ate conservation treatment is applied beforehand.
(Figure 2).On November 30, 1976, as Harold Sles  Previously, two other dugouts had been recovered
manwas dredging in the lake, removing peat with a from Savannah Lake but, left on the bank to dry out,
clam-bucket scoop, he brought a large wooden objectthey haddeteriorated rapidlyRrose 1978Figure 3.
to the surface. Fortunately, he realized that he had At the time of the discovery of the Ringler ®u
found a dugout canoe, rather than simply an old log. out, the preservation of waterlogged wood and other
He informed the Ringler family, who owned the organic materials was a topic of considerable interest
property, and they in turn contacted Dr. David Brose and effort. Various treatments were developed f&r u
at the Cleveland Museum of Natural History. Luckily on a range of objects (Gratten 1982; McCrawley
a cold snap froze the Dugout and protected it from 1977). Heroic efforts were required to preserve large,
drying out on the shore of the lake (Figure 3). Within complex archaeological finds, such as the Vasa in
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Figure 3. Dugout in the field1976.

Figure 4. Tool marks in the interior of the
Dugout (CMNH Archaeology Archive Slide
AT3270).

Figure 5. Burned areas in the interior of th
Dugout (CMNH Archaeology Archive Slide
AT3271).

18



Journal of Ohio Archaeology Vol. 2, 2012 Greber, Ruhl, and Greber

trolled drying proceeded over nearly two years. The
humidity levels within thespace enclosing the Dugout
were gradually reduced until it approximated normal
indoor conditions. Finally, excess surface wax was
cleaned off and a final coating of higher molecular
weight PEG (20M) was melted into the surface for
dust protection. The l@npreservation treatment was
completed in 1984.

Without the PEG treatment and slow dryingiper
od, the cell structure of the waterlogged wood might
well have collapsed completely, destroying thegbu
out. With the conservation completed, the streamlined
hull shape and surface details of tool marks and wear
patterns are well preserved. A storage case provides
protection from any dangerous humidity fluctuations
and the dugout remains in a stable condition. The
Slessman and Ringler families still remain interéste
in the amazing artifact they helped to save.

Ringler Dugout Dynamic Stability Experiments

Not long after the Ringler Dugout was brought to
the Museum, David Brose, then Curator of Arcleol
gy at the Museum, made preliminary measurements
and crosssectional sketches that provided estimates
of the vessel 0s geometry.
ments and sketches Isaac Greber, Professor in the
Department of Mechanical and Aerospace Enginee
_ _ _ ing at Case Western Reserve University, performed a
Figure 6. Deep notch in the exterior of the Dugout static stability analsis of the vessel. This analysis
(CMNH ArchaeologyArchive Slide AT3269). determined the load conditions under which the-Du

out would tend to remain upright after a disturbance
that would cause it to roll, and therefore they give

Sweden and the Mary Rose in Britain. The time ands ome i nsi ght into the Dugou
expense involve were enormous. More recently, and a loadThe results of this analysis were reported
these considerations lead archaeologists to studyin Brose and Greber (1982).
many larger waterlogged artifadts situ rather than A static stability analysis can only examine
attempt preservation (Wheeler et al. 2003). tendencies; it can provide no information about the

Initially, an immersion technique was planned for behavior of the vessel in motion. Furthermore, it says
the Dugout in order to replace the water in the cell nothing about how rapidly theoht would oscillate
walls of the wood with Polyethylene Glycol (PEG and the manner in which a rolling motion wouldsu
540 blend). This water soluble wax prevents cdll co side. To examine the behavior of the Dugout in
lapse upon drying. However, fter a series of motion, a set of experiments was carried out by u
problems arose, Museum staff, in consultation withder gr aduate students in |
the Canadian Conservation Institute (David Gratten, of an engineering laboratory coarshat he taught.
personal communication, April 30, 1981), began a The experiments were carried out in two projects, one
program of spraying the entire artifact with a solution to make more detailed measurements than the ones
of the PEG. Daily spraying wasontinued for eight ~ made by Brose and to construct a wooden scale model
months, using a gradually increasing concentration of suitable for tests in a small pool. A second project
the wax, until a buildup of wax on the surface showed followed to perform dynamicstability experiments
that the wood could accept no more. Then, slom-co and analyze the behavior of the vessel. The detailed
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Figure 7. Dugout suspended over the immersion @IMNH Archaeology Archive Slide AT3275).

measurements were made on the cast, not on tire du Williams, and William Wright. They first designed
out itself. The first group of students, Evan Harris and constructed a small pool suitably sized fbr o
and Joseph Mohner, designed and constructe@-a sp serving and measuring the rolling motion of the
cial measuring device for ith purpose. They were model dugout. A photograph of the pool with the
assisted in their measurements by Katharine Ruhl,model floating in it is shown in Figure 9. Preliminary
who had been instrumental in the preservation of theexperiments were performed on motion of water in
Dugout. A photograph of the students with Ms. Ruhl the empty pool in order to ensure that waves reflec
and with their measuring device is shown in Figure 8. ing from the walls of the pool would not influence the
Based on their measurements the students co

structed a 1/12 scale model of the vessel made of Table 1 Dependencef oscillation period on loading.
white oak, the same type of wood used to make the

original Dugout. The model was constructed using the Mode Model Period  Full Size Period
computer controlié milling machine in the Depar (seconds) (seconds)
ment 6s design | aborator) Empty 0.470 1.63 e
computer program in Pro/Engineer to control the 3 persons 0.535 1.85

carving process. The model was designed amd co
structed with gunwales raised to the level they would
have had originally, not ithe damaged state in which Front load 0.510 1.77
the Dugout was found in the bog.

The second project, the dynamic stability exper
ments, was carried out by Michael Szugye, Blake

Full load 0.525 1.82

Back load 0.515 1.78
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Figure 8. Katharine Ruhl, Evan Harris, Joseph Mo
with measuring device and dugout cast in 2003.

Figure 9. Model dugout in dynamic test tank at ur
graduate laboratory, Dept. of Mechanical and Aeros
Engineering, Case Western Reserve University in :
Photo by William Wright.
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stability measurements.

To provide suitable loading of the boat, scale
models of humans and gar were constructed, again
after writing computer programs in Pro/Engineer to
control the construction process. The models were
constructed of nodrying art clay. This material was
chosen both because of its Aitying property and
because its density i®latively close to that of ut
mans. Photographs of the model boat with loads of
two or three humans and with cargo are shown in
Figure 10. The locations of the people and the cargo
correspond to the several loading conditions under
whi ch t he owmanceswad rheasurpde As fis
illustrated, the measurements were made with the
boat empty or loaded with three people and no cargo
or with two or three people plus two cargo elements.
Each cargo element had a mass equivalent te two
thirds that of a person.hlis the boat was loaded to
about half its maximum capacity.

The experiments were conducted by displacing
the boat a given angle, then releasing it and observing
and recording its rolling motion. The motion was-re
orded using a digital video camera, and the
information was transferred to a computer using the
software pogram MGI Videowave Ill. Measurements
were made at rolling angles of 10, 20 and 30 degrees
at each of the loading conditions, and all measur
ments were made several times to ensure that the data
were repeatable and accurate. A photograph of the
observatio view as seen on the computer screen is
shown in Figure 11. In all of the experiments the
humans were in a position that would correspond to
kneeling or being seated low in the vessel.

Figure 12 shows a sample graph of the timeohist
ry of the oscillation after the boat is released from its
displaced angle. From graphs such as this one we can
obtain the period of an oscillation (that is, the time for
a sideto-side swing) and the time it takes for the o
cillation to subside. Table 1 presents the oswifat
period and corresponding loading condition. Tiee p
riods are averages over the set of displacement angles.
The variation with displacement angle is at most 3
percent.

One sees that the empty boat has a significantly
shorter oscillation period than theaded boat, and
that the longest periods occur with the three persons
or with three persons plus cargo. The spread of per
ods for the loaded conditions is 4.3 percent of the
maximum period; the empty boat period is 11.8 pe
cent smaller than the maximum wal These times
can be translated to corresponding times for the full
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Mass Distribution of Model Under Various Loading Conditions

(1) No Load (2) 3 Person

(4) 2 Person Front-Loaded + 2 Cargo

(3) 3 Person + 2 Cargo
®)
Q Q
(*) ! o

(5) 2 Person Back-Loaded + 2 Cargo
[*)

o

Figure 10. Model dugout with simulated loads.

Ringler Dugout S — b |

1) Cut video into shorter clips of each iteration

2) Capture screen shots of maximum roll

Figure 11 This photograph taken by William Wright shows the video equipment (on each side of the image) that w
to visuallyrecord changes in the rolling angle of the dugout under various loads. The center of the image is a still
video showing the dugout and the needle arrarege for marking a roll anglélhe entire video was played later and t

angle readings recded for use in calculating graphs such as the one in Figure 12.
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Figure 12 Time history of rolling motion.

size vessel. The period of oscillation increases as theaments and dynamic experiments modify the cencl
square root of the size, similar to the behavior of a sions is not entirely surprising.
pendulum. The maximum period for the full size boat The boa responds slowly and stably to rolling
would be 1.85 secais, and the shortest period, that disturbances. It is a heavy boat, and built sturdily. It is
of the empty boat, would be 1.63 seconds. Boaterslikely to be slow and not a good open water boat; with
would tend to regard these times as slow rocking. Theits weight, its probable slow turning, and its rounded
rocking subsides ratheuigkly. As one sees in Figure and sturdy prow the boat is much more suitdbte
12, the rolling angle decreases to about half its di travel in shallow quiet waters. It would be able to
placed ankp in about two oscillations, and to about a push aside or skirt over vegetation and debris. It may
third in four oscillations. These values do not vary lend itself to poling. One anticipates that a boat of this
significantly with loading. kind could be useful as a cargo carrier in shallow
The boat behaves much more stably, and appearswampy waters.
to be a much better load carrier, than the staticlstabi
ity analysis reported by Brose and Greber (1982) Museum Storage andDating of the Ringler Dug-
would suggest. That analysis indicated that the emptyout
boat would be unstable, and that loading with three At the completion of the preservation process in
people would require high density cargo in order to 1984 the Dugout was removed from the drying tent,
keep the center of gravity low enough. It wasnped put into a custom made wooden case, and moved into
out in that reference, however, that further examin the Museum proper. The case is fastened to a metal
tion of the shape might cause one to alter the stabilityrolling base, a necesgifor safely moving the largest
analysis. Thus, the fact that more detailed measur object in the Archaeology Collections (CMNH 9127).
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