
Table of Contents

Preface, Committees, Organizers, Endorsers and Sponsors

Chapter 1: Assessment and Conservation

Experimental Values of Wood Strength in Bending between the 17th and the 18th Century
C. Tardini 3

Considering the Role of Wood and Timber Roof in Persepolis Architecture
A. Davoodi and A. Davoodi 11

The Influence of Biological Factors on the Health of Timber Structures on 11th to 14th

Century AD in Yazd
S.R. Moghaddam, S. Poormohamadi, M. Saffar and F. Esfahanipour 19

Failures of the Listed Wooden Buildings in Istanbul
A.O. Kuruscu and G. Arun 26

A Symbolic Wooden Building in Istanbul: The Amcazade Huseyin Pasha Reception
Hall/Divanhane
A. Erdem and Ö. Gürsel 34

A Study on Timber Structural Elements of a Traditional Turkish House
O. Yilmaz Karaman and M. Tanac Zeren 42

Traditional Seismic Construction Technology of the Turkish House 'Konak', Concentration
of the Case Study 'Saraclar Sehir House' in Safranbolu
A. Kerimcan 50

Typical Failures, Seismic Behavior and Safety of the “Bourbon System” with Timber
Framing
N. Ruggieri, G. Tampone and R. Zinno 58

Research and Development on the Database for Visualizing Invisible Parts of Wooden
House in Japan
H. Sumikura, S. Matsumura and K. Fujita 66

Architectural Structural Survey of Groups of Traditional Timber Houses in South Nias,
Indonesia
N. Sadaka, S. Hanazato, T. Hanazato, Y. Uekita, K. Nitto, K. Sato, K. Ono, S. Yoyok, P.
Diananta and E. Pradipt 74

Static and Thermohygrometric Analysis of a New Typology of Timber Framed Structure in
Dolomites
A. Polastri, S. Christofides and R. Tomasi 82

The Traditional Wooden House in Bucovina, a Model for Durability
C.G. Corduban and A. Polastri 89

The Study of Timber Structures Based on In Situ Investigation
E. Zamperini 97

How an Accurate Surface Observation Can Help in the Interpretation of an Ancient Timber
Structure: The Example of the Valdese Church in Florence
N. Macchioni, M. Mannucci and A. Todorow 105

XVIII Century Wooden Stretchers Structure Designed for Large Canvas and an Example
of the Assessment Method
K. Górecka, M. Sklodowski, P. Pawłowski, J. Szpor and H. Arendarski 113

Antique Wooden Floor Construction Solutions and the Possibilities of Using them in
Reconstructions
A. Rozanska, E. Sudol, J. Wierzbicki and A. Mazurek 119

Wooden Boards Arches Roofs in Late Nineteenth-Century Industrial Architecture:
Conservation Problems
M. Mattone 128

Chapter 2: Timber Grading

Structural Health Assessment of Timber StructuresStructural Health Assessment of Timber StructuresStructural Health Assessment of Timber StructuresStructural Health Assessment of Timber Structures
ISBN(softcover): 978-3-03785-812-7     ISBN(eBook): 978-3-03826-193-3



In Situ Evaluation of the Reference Properties of Structural Timber Members. Use of
Available Tools and Information
J.S. Machado 137

Effects of Beetle Attack on the Bending and Compression Strength Properties of Pine Wood
H. Cruz and J.S. Machado 145

Prediction of Strength and Elasticity in Oak Beams on the Basis of External Wood
Characteristics
G. Riesco Muñoz and A. Remacha Gete 152

Mechanical and Fungicidal Properties of approximately 100 Years Old Oak, Beech and
Spruce Wood Beams
N. Thaler and M. Humar 159

Non-Destructive Tests and Bending Tests on Chestnut Structural Timber
B. Faggiano, M.R. Grippa and B. Calderoni 167

Effectiveness and Subjectivity of Visual Inspection as a Method to Assess Bending Stiffness
and Strength of Chestnut Elements
H.S. Sousa, J.M. Branco and P.B. Lourenço 175

Juniper Structures in Western Mediterranean Vernacular Architecture: Ongoing Research
J.R. Ruiz-Checa and V. Cristini 183

Strength Class Prediction of Sardinia Grown Timber by Means of Non Destructive
Parameters
G. Concu, B. de Nicolo, N. Trulli, M. Valdés and M. Fragiacomo 191

Chapter 3: Assessment by Non-Destructive Methods and Survey
Techniques

The Penetration Test to Evaluate Wood Decay after 20 Years Timber Structure Assessment
Experience
E. Giuriani, A. Marini, S. Cominelli and A. Gubana 201

In Situ Compression Stress-Deformation Measurements along the Timber Depth Profile
M. Drdácký and M. Kloiber 209

In Situ Assessment Method of Wood Using Normalized Withdrawal Resistances of Metric-
Screw Type Probes
N. Yamaguchi 217

Selected Methods of Diagnosis of Historic Timber Structures – Principles and Possibilities
of Assessment
J. Jasieńko, T. Nowak and K. Hamrol 225

Application of Non-Destructive Techniques in the Inspection of the Wooden Roof of
Historic Buildings: A Case Study
M.J. Morales-Conde, C. Rodríguez-Liñán and P. Rubio de Hita 233

Investigation of Timber Members at the Marasyk Station in Prague by Non-Destructive
Methods
H. Hasnikova and P. Kuklík 243

In Situ Non-Destructive Examination of Timber Elements
J. Pošta, J. Dolejs and L. Vítek 250

Nondestructive Evaluation of Timber Columns of a Capela Bridge in the State of São Paulo,
Brazil
F.S. Ferro, J.C. Pigozzo, D.H. de Almeida, F.H. Icimoto, L. Borges de Macedo, C. Calil Junior
and F.A. Rocco Lahr 258

Experimental Investigations of Material Properties of Timber Utility Poles Using Various
Material Testing Approaches
R. Elsener, U. Dackermann, J.C. Li, B. Samali and K. Crews 265

Correlating Visual Grading with NTD Methods for Assessing Timber Condition in Historic
Buildings
V. Anagnostopoulou and A. Pournou 273

Microwave Reflectometric Tool for Non-Destructive Assessment of Decay on Timber
Structures
N. Macchioni, M. Mannucci, R. Olmi, S. Palanti and C. Riminesi 281



Development of Radar Apparatus for Scanning of Wooden-Wall to Evaluate Inner
Structure and Bio-Degradation Non-Destructively
Y. Fujii, Y. Fujiwara, Y. Yanase, T. Mori, T. Yoshimura, M. Nakajima, H. Tsusumi, M. Mori and
H. Kurisaki 289

Nondestructive Characterization of and Defect Detection in Timber and Wood
C. Sklarczyk, F. Porsch, B. Wolter, C. Boller and J.H. Kurz 295

Effect of Elastic Modulus and Poisson's Ratio on Guided Wave Dispersion Using
Transversely Isotropic Material Modelling
M. Subhani, J.C. Li, H. Gravenkamp and B. Samali 303

Ultrasonic Imaging of Defects in Building Elements Made from Timber
M. Krause, K. Mayer, P.K. Chinta and U. Effner 312

Assessment of Timber Structures Using the X-Ray Technology
S. Franke, B. Franke and F. Scharmacher 321

Non Destructive Characterization of Wooden Members Using near Infrared Spectroscopy
A. Sandak, M. Riggio and J. Sandak 328

Approaches to the Moisture Content Monitoring Intimber Elements: Development of a
Resistive Method
T.A. N'Guyen, N. Angellier, S. Caré, L. Ulmet and F. Dubois 335

Development of a Methodology for the Visual Inspection of Engineered Wood Products and
Metal Hangers in Residential Construction
J.R. Loferski, J.C. Bouldin and D.P. Hindman 342

Terrestrial Laser Scanning and Settled Techniques: A Support to Detect Pathologies and
Safety Conditions of Timber Structures
C. Bertolini-Cestari, F. Chiabrando, S. Invernizzi, T. Marzi and A. Spanò 350

Chapter 4: Assessment by Testing and Modeling

Estimation of Load-Bearing Capacity and Stiffness of Timber Beams with Through-
Thickness Cracks
A.Y. Naychuk 361

Modulus of Elasticity and Bending Strength of Squared Timber with Wane of Spruce and
Larch
T. Schrentewein 369

Strength Properties of Chestnut Structural Timber with Wane
M. Brunetti, M. Nocetti and P. Burato 377

Non-Destructive and Semi-Destructive Test Methods for Strength Determination of Aged
Wood
A. Kraler and W. Beikircher 385

The Influence of Routed Grooves on the Bending Behavior of Old Timber Beams
A. Cavalli and M. Togni 393

Damage Assessment and Residual Service Life Estimation of Cracked Timber Beams
J.W.G. van de Kuilen and W. Gard 402

Evaluation of the Load-Carrying Capacity in Bending of Large Cross Section “Pitch Pine”
Beams in Standing Structures
M.C.T. Váquez, A. Soilán Cañás and D. Lorenzo Fouz 410

The SWORFISH Project Approach for Modeling Wood Material Modifications in Timber
Structures
J. Sandak, A. Sandak, M. Riggio, I. Santoni and D. Pauliny 418

Assessment of the Glue-Line Quality in Glued Laminated Timber Structures
B. Franke, F. Scharmacher and A. Müller 424

Determination of the Stress Distribution in Timber Elements Reinforced with Self-Tapping
Screws Using an Optical Metrology System
M. Ayoubi and M. Trautz 432

Characterization of Wood Fracture Using Optical Full Field Methods
O. Pop, F. Dubois, M. Méité and J. Absi 440

Near Infrared Spectroscopy as a Tool for Estimation of Mechanical Stresses in Wood
J. Sandak, A. Sandak, D. Pauliny, V. Krasnoshlyk and O. Hagman 448



Stress Level Prediction in Axially-Loaded Timber Beams Using Resonance Frequency
Analysis: A Pilot Study
T. Lechner, S. Laux and D. Sandin 454

A Vibration-Based Approach for the Estimation of the Loss of Composite Action in Timber
Composite Systems
U. Dackermann, J.C. Li, R. Rijal and B. Samali 462

An Evaluation of the Seismic Performance of a Traditional Timber Building in Istanbul,
Based on the Material Deterioration, with the Finite Elements Method
H. Dışkaya and O. Ceylan 470

Seismic Analysis of a 2-Storey Log House
J.M. Branco, P.B. Lourenço and C.A. Aranha 478

A New Method to Assess the Seismic Vulnerability of Existing Wood Frame Buildings
C. Loss, M. Piazza and D. Zonta 486

In-Plane Assessment of Existing Timber Diaphragms in URM Buildings via Quasi-Static
and Dynamic In Situ Tests
I. Giongo, D. Dizhur, R. Tomasi and J.M. Ingham 495

Shaking Table Test of 1/30 Scale Model of Palasport in Bologna with Timber Shell Roof
Structure
L. Tashkov and L. Krstevska 503

Study and Analysis of XIV Century Timber Built-Up Beams in Verona
G. Mirabella-Roberti and M. Bondanelli 511

Numerical Modelling of Historic Vaulted Timber Structures
C.F. Ferreira, D. D’Ayala, J.L. Fernandez Cabo and R. Díez 517

Assessment of the Realistic Stiffness and Capacity of the Connections in Quincha Frames to
Develop Numerical Models
N. Quinn and D. D’Ayala 526

Chapter 5: Reinforcement and Treatment of Timber Elements

Bending Tests on Natural Fiber Reinforced Fir Wooden Elements
A. Borri, M. Corradi and E. Speranzini 537

Bamboo Reinforced Glulam Beams: An Alternative to CFRP Reinforced Glulam Beams
C. Echavarria, B. Echavarría and H. Cañola 545

Analysis of Wood Laminated Beams Reinforced by Natural Fibres
N.T. Mascia and R.M. Mayer 553

Moisture and Temperature Influence on Biocomposites-to-Timber Bonding
M.R. Valluzzi, F. Nardon, E. Garbin and M. Panizza 561

Durability of Wooden Member Reinforced by Carbon-Fiber
T. Hojo 569

Wood Glass-Fiber Reinforced Polyester (GFRP) Hybrid Cross-Section Used to Improve the
Structural Behavior of Timber Beams
C.E. Lanivschi and E. Decher 575

Restoration of Structural Timber Elements Using Epoxy Resin: Analysis of Mechanical
Properties
M. da Silva Bertolini, L.B. de Macedo, D.H. de Almeida, F.H. Icimoto and F.A. Rocco Lahr 582

The Repair of Timber Beams with Controlled-Debonding Steel Plates
G. Metelli, E. Giuriani and E. Marchina 588

Reinforcement of Timber Beams with Prestressed Wires
J.H.J. de Oliveira Negrão 596

Investigation on the Self-Tapping Screws Capability to Induce Internal Stress in Timber
Elements
I. Giongo, M. Piazza and R. Tomasi 604

Mechanical Evaluation of Timber Conservation Processes by Bending Tests
D.F. Henriques, L. Nunes and J. de Brito 612

Microwaves as a Remedial Treatment of Wood
A.M. Lluch, F. Vegas López-Manzanares, C. Mileto and M. Diodato 620



Chapter 6: Strengthening of Connections

Lateral Resisting Experiment of Prestressed-Tube Bolted Connection for Post-and-Beam
Timber Construction
M.J. He, Y. Zhao and R.L. Ma 631

Numerical Analysis of a Rigid Node of a Spatial Timber Frame Made of Structural
Elements with Built-up Cross-Sections
C.E. Lanivschi, A. Secu and G.M. Atanasiu 639

Novel Nail-Like Wood Connectors
M. Riggio, D. Pauliny, J. Sandak and A. Sandak 647

Chapter 7: Upgrading of Timber Structures

Reinforcement of Timber Floors-Transversal Load Distribution on Timber-Concrete
Systems
A.M.P.G. Dias, S.R.S. Monteiro and C.E.J. Martins 657

Lateral Load Bearing Behavior of Timber-Concrete Composite Constructions
H. Kieslich and K. Holschemacher 665

Ultra-Thin Topping Upgrades for Improved Serviceability Performance
J. Skinner, R. Harris, K. Paine, P. Walker and J. Bregulla 673

Experimental Characterization of Timber Floors Strengthened by in-Plane Improvement
Techniques
M.R. Valluzzi, E. Garbin, M. dalla Benetta and C. Modena 682

Optimization of Mechanical and Acoustic Performance of Timber Floors
M.R. Valluzzi, A. di Bella and E. Garbin 690

Seismic Behaviour of Composite Panel Composed of Laminated Wood and Bearing Glass -
Experimental Investigation
L. Krstevska, L. Tashkov, V. Rajčić and R. Zarnic 698

Seismic Behaviour and Retrofitting of Timber Frame Walls
E. Poletti and G. Vasconcelos 706

A Development of the Visco-Elastic Damper for Timber Structure and a Suggestion of the
Technological Design Assistance System
K. Kohara, T. Nomura and K. Koumoto 714

Development of Wood-Based Multi-Layer Systems in Existing Building Stock
A. Fadai, W. Winter, D. Stefanoudakis and K. Hollinsky 722

Selected Solutions for Rehabilitation of Wooden Structures: Some Portuguese Case Studies
A.O. Feio, D. Félix, V.M. Cunha and J.S. Machado 731

Repairing a Medieval Door
D. Yeomans, H. Harrison and A. Smith 739

Chapter 8: Monitoring

Long Term Monitoring of Timber Bridges - Assessment and Results
B. Franke, S. Franke, A. Müller, M. Vogel, F. Scharmacher and T. Tannert 749

An On-Going Monitoring Project of a New Timber Structure
F. Lanata 757

The Echo (Jeka) Pavilion in Forest-Park Maksimir Zagreb - Restoration and Health
Monitoring
M. Hasan, R. Despot, J. Trajković, A.O. Rapp, C. Brischke and C.R. Welzbacher 765

12 Years of Structural Health Assessment and Maintenance for the Glulam Timber
Structure of the Mormanno Traffic Bridge in Calabria
G. Bignotti 771

X-Lam Panels in Swimming-Pool Building – Monitoring the Environment and the
Performance
L. Jorge and A.M.P.G. Dias 779



A Numerical Approach for the Hygro-Thermal Monitoring of Timber Structures under
Environmental Conditions
A. Genoese, A. Genoese, S. Fortino and P. Hradil 786

A Multi Sensor Approach for Prediction of Weathering Effects on Exposed Timber
Structures
J. Sandak, A. Sandak, D. Pauliny, M. Riggio, S. Bonfa and S. Meglioli 794

Monitoring of Wood Decay by near Infrared Spectroscopy
A. Sandak, S. Ferrari, J. Sandak, O. Allegretti, N. Terziev and M. Riggio 802

Influence of Fungi on the State of Preservation and on the Usage Prospects of Antique
Wooden Floor from Manor Houses in South-Eastern Poland
A. Boguslaw, A. Rozanska, A. Jankowska and J. Sandak 810

Changes in Swelling and Water Absorption of Wood Degraded by Brown Rot Fungi
J. Frankl 818

Earthquake Response Monitoring and Structural Analysis of Traditional Japanese Timber
Temple
K. Fujita, E. Shin, A. Ibaraki and M. Sanuki 823

Chapter 9: Learning from Case Studies

The Royal Palace of Naples: Diagnosis, Assessment and Structural Restoration of Complex
Roofing Timber Structures
B. Faggiano, M.R. Grippa and F.M. Mazzolani 831

Condition Assessment of the Timber Structures of a Century-Old Industrial Building Using
a Nondestructive Inspection Procedure
X.P. Wang, M. Teder and J. Wacker 840

Diagnosis for the Conservation of Wooden Ceilings inside the Ducal Palace in Sabbioneta
(Mantua, Italy)
F. Augelli, A. Bordina and J. Migliavacca 849

The Structural Concept of the 16th Century Floors of the Ducal Palace in Sabbioneta
(Mantua, Italy)
F. Augelli, V. Nicola, F. Petracco and L.C. Ronchi 857

The Conservation and Strengthening Intervention on the Wooden Floors of the Ducal
Palace in Sabbioneta (MN-Italy)
F. Augelli 865

The Strengthening Design of the Wooden Floor Structures of the Ducal Palace in
Sabbioneta (MN)-Italy
F. Augelli and C. Amigoni 872

The Hidden Gem
I. Andreescu, V.A. Gaivoronschi and M. Mosoarca 880

Problems Relating to Assessment, Repair and Restoration of Wooden Roof Structures in
Historic Buildings, as Exemplified by Two Case Studies in Southern Poland
D. Bajno, Ł. Bednarz and T. Nowak 888

Structural Analysis of Gothic Roof Trusses in View of their Conservation. Case Study of St.
Paul's Cathedral, Liège (Belgium)
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