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The study of maritime history is fundamentally the study of human innovation, trade, and the mastery of the aquatic 

environment. Among the most critical academic contributions to this field is the work stemming from the 

International Symposium on Boat and Ship Archaeology (ISBSA). Specifically, the proceedings of the Ninth 

International Symposium, held in Venice in 2000 (ISBSA IX), edited by Carlo Beltrame, represent a landmark

collection of research that bridges the gap between historical narrative and rigorous engineering analysis. This

article provides an in-depth exploration of the technical methodologies, shipbuilding evolutions, and archaeological

frameworks discussed within these proceedings, offering a technical guide for scholars and maritime engineers

alike.

Theoretical Framework of Nautical Archaeology

Nautical archaeology is distinct from general maritime archaeology in its specific focus on the vessel itself as a 

complex technological artifact. The Ninth International Symposium emphasized a multidisciplinary approach, 

combining hydrostatics, dendrochronology, and structural engineeringto reconstruct the lifecycle of ancient

and medieval craft. At the core of this framework is the understanding of the ship as a primary driver of economic

and military capability.

The Anthropological and Technical Interface

Shipbuilding is not merely a sequence of assembly; it is the manifestation of cultural knowledge passed through 

generations. The ISBSA IX proceedings highlight that technical changes in hull design are often preceded by shifts 

in environmental availability (timber types) or economic demands (the need for larger cargo capacities). The 

theoretical framework requires researchers to analyze a wreck not just as a site of artifacts, but as a machine 

designed to withstand specific hydrodynamic stresses.

Core Technical Mechanics: Hull Construction Methodologies

One of the primary debates in nautical archaeology, extensively covered in the Venice 2000 symposium, is the 

transition between shell-first and frame-first(skeleton-first) construction. This transition marks one of the most

significant engineering shifts in human history.

1. Shell-First Construction

In shell-first construction, the outer skin of the ship (the planking) is assembled first. The planks are joined to one

another to create a self-supporting structure, and internal frames are added later for reinforcement. This method

was dominant in the Mediterranean for millennia.

•  Mortise-and-Tenon Joints: This technique involves cutting rectangular holes (mortises) into the edges of 

planks and inserting wooden tabs (tenons) to lock them together. These tenons are then secured with wooden 

pegs (treenails).

•  Clinker Building: Prevalent in Northern Europe, this involves overlapping the edges of planks and fastening 



them with iron rivets or roves.

•  Sewn Planking: An ancient technique where planks are literally stitched together with organic fibers or 

wattles, often seen in early Egyptian or Indian Ocean vessels.

2. Frame-First (Skeleton) Construction

This method involves erecting a skeletal structure (keel, floor timbers, and frames) first, to which the planks are 

subsequently attached. This allowed for much larger vessels and standardized production. The proceedings of 

ISBSA IX examine the gradual hybridization of these methods during the late Roman and early Medieval periods, a 

process known as "the transition."

Technical Comparison of Construction Systems



Feature Shell-First (Classical) Frame-First (Medieval/
Modern)

Clinker (Northern)

Primary Support Planking (Outer Skin) Internal Ribs/Frames Overlapping Planks

Technical Breakdown of Shipyard Infrastructure

The symposium proceedings held in Venice naturally focused on the concept of the shipyard or arsenale. The

shipyard is the industrial center where raw materials are transformed through complex logistical workflows.

The Logistics of Timber Procurement

Shipbuilding in the age of wood was a massive exercise in forestry management. The technical requirements for

different parts of the ship dictated the species of wood used:

•  Keel: Usually Oak or Elm for strength and resistance to rot in saltwater.

•  Planking: Often Pine, Cedar, or Larch for buoyancy and workability.

•  Frames: "Compass timbers" or naturally curved branches of Oak were sought to provide maximum strength 

without cross-grain weaknesses.

Mass Production and the Venetian Arsenal

The Venice 2000 proceedings detail how the Venetian Arsenal became the world’s first true industrial complex. By 

standardizing hull shapes and using interchangeable parts, Venice could produce a fully equipped galley in a 

remarkably short timeframe. This required advanced procedural workflows including:

1.  Keel Laying: Establishing the longitudinal axis.

2.  Master Frame Positioning: Using geometric molds (the sesto) to define the hull's curve.

3.  Planking: Steaming wood to make it pliable for complex curves.

4.  Caulking: Driving oakum (fiber soaked in pitch) into seams to ensure watertightness.

Mathematical Models in Ancient Naval Architecture

A key takeaway from the ISBSA IX papers is the application of modern engineering mathematics to ancient hulls.

Researchers use these models to determine the seaworthiness of reconstructed vessels.

Displacement and Buoyancy

The fundamental principle of ship design is Archimedes' Principle. For a ship to float, the weight of the water it 

displaces must equal its own weight. Archaeologists use Simpson’s Ruleto calculate the volume of a hull from

fragmentary remains:

V = (h/3) * (A0 + 4A1 + 2A2 + 4A3 + ... + An)

Where V is the volume, h is the interval between sections, and Arepresents the area of each cross-section. This

allows researchers to estimate the maximum cargo capacity (deadweight tonnage) of an ancient merchant ship.

Stability and the Metacentric Height

Technical analysis often involves calculating the Metacentric Height (GM). This determines whether a ship will

return to an upright position after being tilted by wind or waves. A vessel with a low GM is "tender" (slow to

recover), while a high GM makes it "stiff" (prone to violent rolling). By analyzing the distribution of ballast found in

shipwrecks, archaeologists can deduce the intended stability characteristics of the vessel.



Materials Science and Conservation in Ship Archaeology

Recovering a ship from a waterlogged environment is only half the battle; preventing its destruction upon exposure 

to air is the other. The Venice symposium presented various conservation protocols for organic materials.

Degradation of Waterlogged Wood

When wood remains underwater for centuries, bacteria and chemical processes consume the cellulose, leaving 

only a fragile ligninskeleton held together by water. If the water evaporates, the cells collapse, leading to shrinkage

and disintegration. 

The PEG Treatment Process

The standard technical solution is the use of Polyethylene Glycol (PEG). This involves:

1.  Immersion: The wood is placed in tanks where PEG concentrations are gradually increased.

2.  Substitution: The PEG molecules slowly replace the water molecules within the wood cells.

3.  Stabilization: Once the wood is saturated with PEG, it can be dried without collapsing.

Case Study Analysis: Key Finds from ISBSA IX

Several papers in the proceedings focus on specific wrecks that changed our understanding of maritime history.

The Yenikap���Wrecks

While some discoveries were made after the 2000 symposium, the groundwork laid in Venice allowed for the rapid 

analysis of the Yenikap��(Istanbul) finds. These 37 wrecks provide a perfect timeline of the transition from shell-first

to frame-first construction between the 7th and 11th centuries.

Medieval Venetian Galleys

Research presented by Carlo Beltrame and others highlights the technical evolution of the galley. Unlike merchant 

ships, galleys were optimized for speed and maneuverability. This required a long, narrow length-to-beam ratio, 

often exceeding 7:1, which posed significant structural challenges regarding longitudinal hogging (where the 

ends of the ship drop) and sagging (where the middle drops).

Procedural Guide for Archaeological Documentation

For field practitioners, the ISBSA IX proceedings offer a blueprint for documenting ship remains. The process has

evolved from manual measurements to high-tech digital workflows.

1. In-Situ Recording

Before any timber is moved, its exact position must be mapped. Traditional methods involved a datum line and 

offsets. Today, Photogrammetry is used to create 3D models from hundreds of overlapping photographs.

2. Timber Recording (The "Sherds" of a Ship)

Each timber is recorded at a 1:1 or 1:10 scale. Key features to document include:

•  Tool Marks: Indicating whether axes, adzes, or saws were used.

•  Fastening Patterns: The spacing and diameter of treenails or nails.

•  Wood Grain: Identifying how the timber was converted from the log (e.g., radial vs. tangential sawing).

3. 3D Digital Reconstruction

Using CAD (Computer-Aided Design) software, researchers "reassemble" the timbers in a virtual environment. This



allows for testing the hull shape for hydrodynamic efficiency before physical models are built.

Troubleshooting and Failure Modes in Historical Shipbuilding

Understanding why ships failed is as important as understanding how they were built. Archaeological evidence

often shows repairs that indicate common failure points.



Failure Mode Technical Cause Archaeological Evidence Historical Solution

Hogging Longitudinal stress on 
narrow hulls

Curvature of the keel 
upward

Introduction of the keelson 
and heavy internal wales

Summary and Broader Implications for Maritime History

The Ninth International Symposium on Boat and Ship Archaeology, as documented in the Venice 2000

proceedings, serves as more than just a historical record. It is a technical compendium that defines the standards

of the discipline. By meticulously analyzing the physical remains of ships, we gain a direct window into the labor,

economy, and scientific understanding of past civilizations.

The shift from shell-first to frame-first construction was not just a change in technique; it was a revolution that 

enabled the Age of Discovery. Without the skeleton-first methodology, the massive galleons and East Indiamen of 

later centuries would have been structurally impossible to build. The work of scholars like Carlo Beltrame ensures 

that the nuances of this evolution are not lost to time. As we move further into the digital age, the integration of 

Computational Fluid Dynamics (CFD) and Finite Element Analysis (FEA)with the archaeological data found in

these proceedings will continue to refine our understanding of how our ancestors conquered the oceans.

Ultimately, the proceedings of ISBSA IX remind us that a ship is the most complex machine produced by pre-

industrial societies. Every treenail, every mortise, and every choice of timber was a calculated engineering

decision. For the modern technical writer and historian, these papers are the primary source for understanding the

DNA of global maritime heritage.
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