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Restoring Life on Main Street
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INC U IN
PUBLIC FOUNTAINS
LIGHTING FOR STREETS a PARKS
GAS-BURNING LIGHTING
BENCHES a STREET FURNISHINGS
STREET a TOWER CLOCKS
PLANTERS a URNS
PAYERS a PAVING MATERIALS
GAZEBOS, PAVILIONS, KIOSKS a BANDSTANDS
TERRA-COTTA RESTORATION
SPECIALTY BRICK
BUILDING WITH STONE
MASONRY CLEANING a RESTORATION
STOREFRONTS a COMMERCIAL FACADES
BIRD CONTROL
PLAQUES a SIGNAGE
PUBLIC ART a SCULPTURE
EXTERIOR CORNICES
PLUS
TILE ROOFING
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A tl-eatment report by Conservation Solutions, Inc., on a terra-cotta cornice adorning the Capitol Building
in San Juan, Puerto Rico, shows the potentially catastrophic effects of corrosion m a
mal-ine environment, and offers some innovative solutions to the problem.

by Joseph Sembrat, Hca,I ctejreriti/11r dud
Pry:-1d,-11t ,,f Ccl1lcrie11til,11 Stl11tio11!>, In(.

onservation Solutions, Inc, was contracted by the

government of Puerto Rico to assist Pablo

Quinones of OPQ & Associates h the investigation
of te main terra-cotta cornice & the base d the dome of
San Juan's Capitol Building.

CSI subcontracted the sen-ices of 1\skrtn \Veayer,
President of Nlartin \Veavar nnd Associites International
Conservation Consultants (MIVAICC), who pcriormed
investigative work and partial disassembly of a 64l sec-
tion of tl: cornice. This was done in order b prennt the
collapse of this section of the cornice, determine the cause
imd nature of the failure, better undcrst,nd the mcltaials
and tedmique™> used h s construction, and pro\ide the
tirchil-d with ,-arious design solutions aost estilnahes, and
clssistince with the writing of specificitions.

The Cipitol Building uf Puerto Rico was inaugurated an
February 11, 1929 is the scat oi the Legislatin- Brinch oi
the Puerto Ricu, Go,crnment. A ast miirble stiircae
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face Ponce de le)n Avenul' and give acces © thl' build- / ] o .
ing o the th. Eight Corinthi lumns rise & both

- sou igh ormtan co . Puato Rioos Capitol Building a "El C:pilOlio," n Sn Jilll, w; completed anl inaugurad n 199 A
mlin entrances and even imposing doors gin acces b . @\ H s : . B . 3
R . mgr L\ Sn Juen focs H: Atantic QO o te Imil Thi maie a\iomat wae] Min o
ib inllerior & the north and outh. At the center of te o'y ]alhﬂ'\t"OU-. UIEn o te ffduilg <1 of tlF hulfilly Q& Ol'litc

structure there is., ronmda which eatmds up,-ard o the
three flours of the building, J1d n the center of the first
floor thene # a displar clse which has the original
Constitution of Puerto Rico permanently a display. The
cornice adoms the base of the dome which rises o t: cen-
ter of the building an a1 uctigon I drum.

To help understand the condition of both the lerm-cotta
anchoring system and tht' concrete substrutturc that sup-
porb it nnd © nssist the dients i their portico-restoration
project, CSI conducted an on-site insL-stigltion of the
tocl-aoticl  cornice nd concrete  substructure from  scaf-
iolding. CSI and Nlartin \ViM\er pcriormcd written and
photobraphic documentation of the ,-or and pro,ided
field dmwings © OPQ & Associates .
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f\s the careful cutting a\\ay commenced & the cornice's
upper lerr] we found tmt the cornice was backed-up by a
msiss of "clinker concrete” a "cindercrete." This material i
| based on an aggregate of furnace ash and large fragments of
| clinker. Its use has been suspended for many yeclis because

the large quantities of sulfur compounds present n the ash
and clinker have been found o cause Se\-erc corrosion of adja-
cent steel i the presence of moisture.

After remo\al of the cindercrete from the adjacent cnea, the
cutting-out proceeded and it was noted that the mon -ment of
the term cotta \\IS begmning © accelerate. The terr,-cotta

”i",,,,:—:“.f:‘!“;; i mass & the comer - probably weighmg in excess of Eﬂ) Ibs.

- \\= pulling away from the nxln mass of the cornice by

I [ 7 OCIT 3 (R [ERRACETIAY acti\e diagonal cracks propagating down m either side of the

» .- = .i‘ - corner. The unstable mass was immediatdy secured by ropes
g P I WLINCR CouRm (FAmCTTT) and temporar+ supports and was carefully cut (part and
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remo\-ed.
\\lter had penetrated down into the cornice, and all its steel
| structural supports and anchors had been totillly destroyed
by corrosion. The total failure of the structural-support steel
and anchor svstem had led © the structural failure of the can-

NEW TERRACOTTA INSTALLED IN CUT—OUT DAMAGED AREAS
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tilevered, and now unreinforced, terra-cotta cornice. The onlv

Jdv-gim reason that & had not collapsed \\& a combination of thl'
cohesive Ind frictional effects of the mortir and brick frag:
nICnls used as back-up © the hollo\ terra-cotla un ts.

m%ﬂw | Moisture had entered \ia open joints rind arlds cind b a

lesser extent, through leaks i the roof above and behind the
cornice.The reclsm for the extreme corrosion of the steel was a
combination of chlorides from sea spray and the sulfuric ilcid
formed when saline moisture saturated and then passed
through the contaminated cindercrele. The corrosion had
been o severe that & was mo longer possible © establish the
exact dimensions of anv of the former steel elements. Some
had disappeared totally; lea,ing only rusty stains n the terra-
cotta work.

I should be noted that anv corrosion of embedded steel &
associated with massi\'e expnsion of the corrosion products.
Ih the case of the Capitol Building, this expansion had result-
ed, and will continue b result, n the shattering of the imme-
diately adjacent tem cotta. Thus, all stabilization, consen-a-
hon, dnd restorition work must in\-olvc the removal of all cor-
roding steel and/or the prevention of any further corrosion
and associated cpansi\-e effects. NI new steelwork nltls be
AISI Tvpe 316 stainless steel. which i non-corroding n the
chloride-rich maritime environrnent present here. 711Si Type
30} stainless steel i attacked by chlorides and cannot be used
here under any circumstances because t will corrode.

On the basis of our observations, we concluded that h anv
intl d (ol<1i0l whcle lhe Itllil-tullt 10rliCeS SOW evidence
of cracking and movement, with open joints and possibly rust
staining a the lower surfaces, then this terra-cotta work has
had dl or most, of its structural-support steel and anchoring
system so severely corroded that t & either totally gone or &
0 seriously deteriorated that the whole cornice, or parts
thereof, arc liable © become dangerous and could collapse
suddenly and without further evidence of failure.
| The extreme nature of the deterioration process \\iS such

that & will inevitably lead o catastrophic failure, with col-
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| lapse of the tema cotta onto, and possibly through, the open-
l ings Milthe roof below. Accordingly, we recommended that all
cracked and deformed areas of the corice should be carefully
dismantled as soon as possible. Shattered terra-cotta units
should be replaced with high-quality nrntching new units
from a well-established tcrra-colta n,anufacturer such as
Gladding, Mcl3ean of California. This firim has been h contin-
uous practice since before the erection of the Capitol and &
known for the high quality of its architectural terracotta.
The dismantled corners should be rebuilt using AISI Type
316, non-corroding stainless-steel rods n a grout-injection
anchor system Be CINTEC. specially designed with small

Most 11nportantly, we disassembled approximately 6 reel of the cornice ©
re\eal s construction and its anchoring system. \We also exposed a portion
of the parapet decking © detamllle the condition of the underlying con-
crete substructure. I collaboration \sith the architect dnd Nlartin \o\lewe; a
nc, anchoring system \\& designed. \Ve also worked with the noted terra-
coti manufacturer, Gladding, vld3can, © determine which sections of terra
cotta would need © be replicated

f-inally, after our mvestigative work was done, CSI made the opening n
the cornice \\‘atertight

Following obl-en-ation of severe cracking and mo\-ement al the corners of
the main terra-cotta cornice of the odclgonal lower drum of the dome, t was
Jointly decided © erect scaffolding and © carefully make an exploratory
opening inlo the tcrra-cotta work.

The purpoes of this inter\'ention were © establish if the cracking and
movement were evidence of a dangerous sihrntion, © establish the types,
locations, and conditions of the hidden steel support structure and anchors,
and © establish the type, location, and condition of the reinforced concrete
sub-structure.

\e selected the southeast comer of the octagonal lower drum, apparently
the area of the cornice with the worst conditions, as the best site for our
investigations. Pablo Quinones and ivtartin \\lea\-er had noted what
appenred © be e\idence of SC\erc damage n this same area m 1998
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injection tubes positioned 1 the joints between the terra-cotta
units for inflation with grout after assembly.

Undam;iged areas of tem oottl may be stabilized in-silu by nlcars of a
different type of CINTEC grout-11ljection anchor system, also using ;\ISi
Tvpe 316 stainless-steel rods. k will be necessary © open up a series of areas
in the tcrra-cotta work a random locations © determine if, in fact, the
ilpparently undamaged terracotta can be safely stabilized n this \\ay.

Once the water has been prevented flom getting into the top of the cor-
nices and other details. and the CINTEC in-situ stabilization svstem has
been applied 11diamond-tipped core-drilled holes, the crucial factor then
will ke whether any existmg embedded steel can be left in-situ. All in-situ
stabilization work must in\-oh-e dry-drilling with adn,nced .iir-coolcd
drilling equipment. Under ro circumstances can water-cooled drilling sys-
tems ke used because of the danger of the water causing further deteriora-
tion.

L was recommended that a complete condition sur\'ey of all the tcrra-cotta
work should be earned out as soon as possible © locate .iny other danger-
ous areas which may already exist.e
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CINTEC

REINFORCEMENT SYSTEMS

NORTH AMERICA

Cintec Reinforcement Systems Ltd
38 Auriga Drive,Suite 200,

Nepean, Ontario Canada K2ESA5
Tel 1-613-225-3381 1-800 363-6066
Fax 1-613-224-9042 1-800461-1862

URL :-www.cintec.com E Mail solutions@cintec.com

EUROPE

Cintec International Ltd,

Cintec House,

11 Gold Tops,Newport,NP204PH
South Wales, UK

Tel +44 [0]1633-246614

Fax +44[0]1633-246610

SOLUTIONS '

CONSERVA [

Historic Structures s Monuments & Sculpture * Industrial Artifacts

.conservationsolution.com
Lane = District Heights, MD, 20747 » 301-663-8550






