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CONCRETE VAULTED CONSTRUCTION IN IMPERIAL ROME

Concrete Vaulted Construction in Imperial Rome examines the methods and techniques
that enabled builders to construct some of the most imposing monuments of ancient
Rome. Focusing on structurally innovative vaulting and the factors that influenced
its advancement, Lynne Lancaster also explores a range of related practices, including
lightweight pumice as aggregate, amphoras in vaults, vaulting ribs, metal tie bars,
and various techniques of buttressing. She provides the geological background of
the local building stones and applies mineralogical analysis to determine material
provenance, which in turn relates to trading patterns and land use. Lancaster also
examines construction techniques in relation to the social, economic, and political
contexts of Rome, in an effort to draw connections between changes in the building
industry and the events that shaped Roman society from the early empire to late
antiquity.

Lynne Lancaster is assistant professor of classics at Ohio University. An architect and
archaeologist, she is a Fellow of the American Academy in Rome and has published
in a variety of journals, including American Journal of Archaeology, Journal of Roman
Archaeology, and Römische Mitteilungen.

i



P1: JPJ/KNP
0521842026agg.xml CB885B/Lancaster 0 521 84202 6 February 22, 2005 21:58

ii



P1: JPJ/KNP
0521842026agg.xml CB885B/Lancaster 0 521 84202 6 February 22, 2005 21:58

CONCRETE VAULTED CONSTRUCTION
IN IMPERIAL ROME

INNOVATIONS IN CONTEXT

LYNNE C. LANCASTER
Ohio University

iii



P1: JPJ/KNP
0521842026agg.xml CB885B/Lancaster 0 521 84202 6 February 22, 2005 21:58

cambridge university press
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore, São Paulo

Cambridge University Press
40 West 20th Street, New York, ny 10011-4211, usa

www.cambridge.org
Information on this title: www.cambridge.org/9780521842020

C© Lynne C. Lancaster 2005

This book is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without
the written permission of Cambridge University Press.

First published 2005

Printed in the United States of America

A catalog record for this publication is available from the British Library.

Library of Congress Cataloging in Publication Data

isbn-13 978-0-521-84202-0 hardback
isbn-10 0-521-84202-6 hardback

Cambridge University Press has no responsibility for
the persistence or accuracy of urls for external or

third-party Internet Web sites referred to in this book
and does not guarantee that any content on such

Web sites is, or will remain, accurate or appropriate.

iv



P1: JPJ/KNP
0521842026agg.xml CB885B/Lancaster 0 521 84202 6 February 22, 2005 21:58

For Tom
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I believe that in architecture, as in all art, the artist instinctively keeps the marks
which reveal how a thing was done.

– Louis I. Kahn

vii



P1: JPJ/KNP
0521842026agg.xml CB885B/Lancaster 0 521 84202 6 February 22, 2005 21:58

CONTENTS

List of Illustrations and Tables page xiii

Preface xix

1 INTRODUCTION 1

A Note on Monuments and Previous Scholarship 2
How to Use this Book 2
The Nature of Roman Concrete 3
Concrete Vaulting during the Republic 3
Structural Behavior of Concrete Vaults 6
Roman Mathematical and Analytical Background 10
Materials, Transport, and Production 12
The Building Industry in Rome 18
The Innovations 21

2 CENTERING AND FORMWORK 22

Assembling the Centering 22
Removing the Centering and Formwork 26
The Use of Brick Linings on the Intrados of Vaults 29
Evidence for Centering Arrangements 32

Barrel Vaults, 32 • Cross Vaults, 34 • Domes and Semidomes, 40
Conclusions 48

3 INGREDIENTS: MORTAR AND CAEMENTA 51

Mortar 51
Lime, 53 • Pozzolana, 54 • Cocciopesto, 58

ix



P1: JPJ/KNP
0521842026agg.xml CB885B/Lancaster 0 521 84202 6 February 22, 2005 21:58

CONTENTS

Caementa 59
Provenance of Caementa, 64

Conclusions 65

4 AMPHORAS IN VAULTS 68

Types of Amphoras Used 69
Early Examples of Amphoras in Vaults 69
Examples of Amphoras in Late Antique Vaults 75
Conclusions 81

5 VAULTING RIBS 86

Early Development of Vaulting Ribs and Relieving Arches 86
The Vaulting Ribs at the Colosseum 88
The Use of Solid Brick (Bipedalis) Ribbing 91
Ladder and Lattice Ribs in Barrel Vaults 98
Ladder and Lattice Ribs in Cross Vaults 106
Ribbing in Domes 108
Conclusions 111

6 METAL CLAMPS AND TIE BARS 113

The Earliest Use of Tie Bars 115
Tie Bars in the Imperial Thermae 116
Tie Bars at the Forum of Trajan 118
Spacing of Tie Bars 125
The Use of Tie Bars with Lightweight Caementa 126
Iron Architrave Bars and Impost Blocks at Hadrian’s Villa 126
Conclusions 127

7 VAULT BEHAVIOR AND BUTTRESSING 130

Arches and Barrel Vaults 132
Cross Vaults 134
Domes and Semidomes 138
Conclusions 146

8 STRUCTURAL ANALYSIS: HISTORY AND CASE STUDIES 149

Historical Development 149
Basilica Ulpia 156
“Temple of Mercury” at Baiae 156
Pantheon 158

x



P1: JPJ/KNP
0521842026agg.xml CB885B/Lancaster 0 521 84202 6 February 22, 2005 21:58

CONTENTS

“Temple of Minerva Medica” 161
Conclusions 164

9 INNOVATIONS IN CONTEXT 166

Accumulated Knowledge 166
Evident Need 168
Economic Ability 170
Social/Cultural/Political Acceptability 172

appendix 1. catalogue of major monuments 183

appendix 2. catalogues of building techniques 205

A. Formwork Imprints on Barrel Vaults 205
B. Formwork Imprints on Domes 206
C. Formwork Imprints on Semidomes 206
D. Brick Linings on the Intrados of Vaults 207
E. Uses of Cocciopesto to Protect the Extrados of Vaults 211
F. Lightweight Caementa 213
G. Amphoras in Vaults 215
H. Vaulting Ribs 216
I. Blocks with Tie Bar Cuttings 221

appendix 3. scoria analysis 222

appendix 4. thrust line analysis 225

Endnotes 231

Glossary 245

Works Cited 251

Index 265

xi














































