THESIS ABSTRACT
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Material Properties and the Environment,” Masters thesis, University of
Pennsylvania, August 2002.

In this research, condition data from the Spring 2001 Dead Space Collaborative Studio of
the total site were analyzed and used to identify candidates for further material analysis.
A large sample set of individual materials and tomb systems was visually classified and
evaluated for moisture absorption by total immersion. A selected subset of material
samples and total systems was then tested further for moisture response by capillary
absorption, drying rates, percent porosity, moisture vapor transmission, salt presence and
composition. Normal and polarized light microscopy was used to analyze micro-structure,
aggregate sorting, and composition. Specific stucco binder components were analyzed
with Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD) and Thermal
Gravimetric Analysis (TGA). The thesis includes a literature review of the history of the
site, building materials and moisture driven decay mechanisms. Current condition images
and illustrations of the decay mechanisms highlight the text. The conclusions drawn and
the illustrations of the decay processes provide guidance for basic conservation
recommendations for tombs in St. Louis Cemetery No. 1.

This characterization of tombs and analysis of building materials of St. Louis Cemetery
No. 1 has confirmed the hypothesis that incompatibilities in building materials lead to
certain moisture driven decay patterns. When subjected to the high heat and humidity of
New Orleans, the differing hygroscopic properties of the materials in the system have
exacerbated and accelerated decay mechanisms, resulting in gross cracking and
delamination, with resultant stucco, mortar and brick loss. Without the periodic
maintenance routines that were in place historically, these deterioration results grew into
major structural failures. The overall condition of the site today is primarily the result of
years of neglect and deferred maintenance and many of the repairs that were made have
tended to exacerbate masonry deterioration caused by the differing properties of the original
and repair materials.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ....uuiiiniiniinninniinsninsiisssissssssssssssssssssssssssssssssssssssssssesssssssses ii
FIGURES ......uuititiitiitictnnnninnisnesssissstssssesssessssssssssssssssessssssssssssasssssssssssssssssasssns vii
TABLES ....coooiititinntinnninntisniensicssisssissstssssisssssssssssstsssssssssssssssssssssssssssssssssssssssssesasss xi
1.0 INTRODUCTION ..ciiiiiisiinsninsensssncsssssssesssssssssssssssssssssssssssssssssssssssssossssssasssss 1
2.0 ST. LOUIS CEMETERY NO. 1 - HISTORICAL CONTEXT .....ccccceeuveuuee 5
2.1 New Orleans — A City Develops in Spite of the River ............................... 5
2.2 St. Louis Cemetery No. 1 - Development and Change ............................... 8
2.3 Tomb Types and Traditional Construction ..................ccccoevveiiieinniienennn. 11
2.4  The Evolution of Restoration Practices................ccccociiiiininiinninnene. 19
3.0 TOMB DECAY MECHANISMS....iiinsinnnensnicsnncssnssssnsssesssssssesssssssns 26
3.1 Development of Hypotheses...............ccooviiiiiiiiiiiiiiceeeeeee e 26
3.2 Tomb Construction — Form and Function .................cc.ccooniinnnnee. 27
33 Construction Materials .............cooooiiiiiiiee 32
3.3.1 The Integrated Assembly System ..........ccceevuieriieiiiiiieiiiienie e, 32
332 BIICK e s 33
333 Mortar, Stucco, Plaster and Render.........ccccvvvvvviiiiiiiiiiiiiiieiiiieeienen, 39
334 Surface FINish .......oooooiiiii e 48
3.35 Additional COMPONENLS ........eeeiieriieiiieiieeiierie ettt 50

34 Environmental Conditions...............ccoooiiiiiiiiiiiiiiiiinieceeeeee e 51
34.1 The Environment of New Orleans and the Cemetery Site .................... 51
342 Biological and Vegetative Growth ...........ccccceeviiieiiiiiniieeiee e, 54
343 Other Environmental ISSUES..........cccuievieriiieniieiieiecieeee e 56

3.5 Moisture Driven Decay Mechanisms .................cccoeoiiiiiniiiieienciice e, 59
3.5.1 Porosity and Moisture MOVEmMENt ..........cccceevueerieeriienieeiienieeieesne e 60
3.5.2 The Evaporative Drying Process ........coccueevvieeriieeriieecieeeiee e 66
3.53 Chemical ACHIONS. ......cevuiiiiieiieeiieite ettt ettt et ee et e saeesaeeseeennens 70
3.54 Physical MOVEMENL ......cc.ueieiiieeiiieeieeeiee ettt e e s 72

4.0 CURRENT CONDITIONS....ccovtirirnrnensnnssrecsannsssesssecssseessssssassssesssssssassssasnns 75
4.1  Analysis of Current Condition Survey Data .................c..ccociinnnnnn 75
4.2 Field Survey ObServations ..............ccccoeoviiiiiiiiiiiieeiieeeceee e 76
5.0 MATERIAL ANALYSIS AND CHARACTERIZATION. ......ccocecevvurerneesnnes 91
5.1 Sampling Strategies ............occooviiiiiiiiii e 93
5.1.1 BIICK e s 94
5.1.2 Stucco / Surface Finish ASSembIy .........cccevviieiieiiiiiiieiiieeeeece e, 95
5.13 IMIOTEAT .ttt ettt e e s 96




5.2 Laboratory AnalysiS..........ccccccoiiiiiiiiiiiiiieiiceeeeeee e 96

5.2.1 Visual Inspection and Physical Characterization .............ccccceeeeeveeennen.. 96
522 Moisture Absorption by Total Immersion ...........coceeceeveeverieneenenne. 101
523 Additional Tests on Intact Bricks .........ccocoeiiiiiiniiiniiniie 108
524 Development of Test Plan for Further Analysis.........ccocevervinienenee. 110
5.2.5 Water Vapor TranSmiSSION .......cc.ueeeevveeerveeerieeeiieeeiieeeieeeeveeeeneee s 111
5.2.6 Capillary ADSOTPLION .....ceevieeiieiieeiieie ettt 119
5.2.7 Drying Curves and Drying Rates..........ccccevvviiieiiiiiiieeeiiieciee e 123
528 Acid Soluble Analysis & Gravimetric Analysis.........ccoceveeverveneenne. 127
5.2.9 (11631131151 1 o 720U 138
5.2.10  Presence of Salts........ccceeviriiniiiiiiiiniiieeeeee e 139
5.2.11  Optical MICTOSCOPY ..vvveevrreeerreeireeeireeatreessueeessseeessseeessseeesssesssssessssnes 142
5.2.12  Polarized Light MiCTOSCOPY ..ccviervierrieiiieiiieiieeieeiieeieesiee e enieeeaaeens 146
5.2.13  Advanced Instrumental AnalysiS........cccccuvevvireniieeniieeeiie e 151
5.2.14  Scanning Electron Microscopy, EDS ........cccoooiiiiiiiiiiiiniecieieeie 151
5.2.15  X-Ray Diffraction AnalysiS........ccceeeireriieeniieeiieeeiee e e evee e 159
5.2.16  Thermal Gravimetry, Differential Thermal Analysis..........ccccceeuenneee. 165
5.2.17  Laboratory Analysis — Observations and Conclusions........................ 171
6.0 TOMB DECAY MODELS & SCENARIOS.......couvtevuinrnsecsacssensaecssecsecsnees 174
6.1 Tomb Decay Mechanisms Confirmed...................ccocccooviiiiniiiiniiinninn. 174
6.1.1 BIICK 1ttt 176
6.1.2 IMIOTEAT ...ttt ettt 177
6.1.3 STUCCO ittt ettt 179
6.2  Tomb Combinations Illustrated ..................ccoccooiiiiiniiiniie 182
6.3 Tomb Decay SCenarios ............cooovvviiiiiiiiiiieeiee e e 188
6.3.1 The Well-Maintained Tomb ...........cccoooiiiiiiiiiiiiiee e 190
6.3.2 Neglected Surface FiniShes..........cccveeevieiiiiiiieniieiicciececceeeee e, 192
6.3.3 Deferred RePairs.......c.cooveeiieiieiiieieeitee e 194
6.3.4 The Unwelcome “Garden” ...........cccceeeereeninienienieeieeeesieeie e 196
6.3.5 Incompatible Surface Finishes...........ccceoeeviriiniiiiniiniceicicene, 198
6.3.6 Incompatible Patches & Repairs..........c.oecveeriieiiieniieiieeieciecieeeee, 200
6.3.7 The Cement Straight-Jacket...........coeeiiriiiiniiniininciiecce 202
7.0  RECOMMENDATIONS ..ccoiivinicrensecssissenssnsssssssssanssssssessssssasssssssssssssssssssss 204
7.1 Recommendations for Further Research ...........cccccoooiiiiiiiiiniincicce, 204
7.2 Recommendations for Aboveground Cemetery Guidelines....................... 207
8.0 CONCLUSIONS . ..uuiiintnstisensstssanssesssisssissssssssssssssssssssssssssssssssssssssssssssssssssess 208




BIBLIOGRAPHY ...uuuuuieiiniesinnnenneseessesnesnsssessssssssssesssessassssssssssassssssaesssssasssasssns 210

New Orleans History and Cemeteries................ccccooviierniiiniiiinniienieesieeeeieeene 210
Technical Bibliography .............cccooiiiiiiii e 214
APPENDICES....uuiitiitinniinninsnennecsiisssesssesssseesssssssssssessssessssssssssssasssssssssssssssssasssas 227
Appendix A - GIS Maps of Conditions.................coociiiniiiiiniiiiniieieceeeeee 228
Appendix B - Sampling Record................coooiiiiiiniii e 236
Appendix C - Experimental Data...............c...ccoooiiiiiiiiniiiieeceeeeee 267
Appendix D - Summary Results ...............ccoooiiiiiniiiiii e 293
INDEX iiitiitennnensninnnncsnenssnnsssessssecsseesssssssesssassssesssasssssssssssssssssassssesssassssasssassssesssssss 303

Vi





