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[1L{d TERRA COTTA SOLUTIONS

Cintec, working with North American Architects,
Engineers, Preservation Consultants and Contractors
to provide specialized fixings for Terra Cotta repairs

and re-attachment.
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A SELECTION OF TYPICAL ANCHORING DETAILS FOR TERRA-COTTA

SPECIAL NOTICE

The contents of this bulletin are copyright and may only be reproduced with the consent of
Cintec, which will not unreasonably be withheld.

It is a violation of the Professional License Law to alter any drawing in anyway, unless acting
under the direction of a Licensed Professional Engineer. The altering consultant shall affix
his/her seal and the notation “Altered” followed by his/her signature and date of alteration.

This bulletin is intended to give a guide to the Cintec Designed Anchor System and is not
intended to be fully comprehensive. Cintec in North America, on behalf of itself, its employees,
or agents excludes any or all liability what so ever arising directly or indirectly from the use of
this bulletin or the Cintec Anchoring System is so far as the exclusion is permitted by Federal or
State Law.
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REINFORCEMENT SYSTEMS
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Cintec Securing North America’s Heritage
from Coast to Coast

CINTEC

REINFORCEMENT SYSTEMS

Salient Points for use of Cintec Reinforcement
Systems

TERRA COTTA SOlUﬂONS
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Salient Points for Use of Cintec Reinforcement Systems

Cintec’s anchoring and reinforcement system “Presstec” grout is CEMENTATIOUS. This all natural,
proprietary grout is of high strength with no additives and very good bond capacity (65 psi). See MSDS
sheet Page 16.

Cintec’s anchoring and reinforcement system can be INSTALLED IN WET OR DUSTY CONDITIONS.
This is very important, as many sites do not provide “ideal” installation conditions with respect to
moisture, dust presence or precision hole creation and the failure of the installer to create these ideal
conditions may lead to anchoring failure with other systems. The presence of water or dust or even less
than exact hole diameters is of no consequence — in fact, Cintec anchors and reinforcement can and
have been successfully installed under water.

Cintec’s anchoring and reinforcement system can only be INSTALLED BY CINTEC TRAINED AND
CERTIFIED installers. As part of our quality control, extensive training of all installers is mandatory by
Cintec personnel. Cintec product is only available to the project via Cintec Reinforcement Systems thus
eliminating the possibility of contractors obtaining product independently and installing with less than
qualified people.

Cintec’s anchoring and reinforcement system has been TESTED TO BE FIREPROOF. A major and
common application of Cintec anchors is for seismic upgrading and as such the fireproof characteristics
of this product are critical. Often, earthquakes result in fire and any anchoring system not fireproof and
resistant to high heat conditions could easily result in anchoring failure and possible human injury or
death.

Cintec’s anchoring and reinforcement system is PULLOUT CAPACITY ENGINEERED to required load
capacity. All Cintec anchors and reinforcements are custom made and project specific to address
required capacities. We do not use a “one size fits all” approach in selection and manufacturing of
anchoring solutions. Please visit the engineering aid section following for extensive information and
design criteria.

Cintec’s anchoring and reinforcement system has been TESTED TO 150 FREE E THAW CYCLES.
Public Works and Government Services Canada (PWGSC) commissioned and paid for thorough testing
of Cintec product for Pull Out and Freeze Thaw by the University of Manitoba — Structural Department.
As a result, Cintec product is “sole sourced” on many federal projects.

Cintec’s anchoring and reinforcement system provides both ADHESIVE AND MECHANICAL attachment.
Unlike other systems that offer only one or the other attachment system, Cintec’s patented system
provides adhesive attachment through it's grout bonding and mechanical through it's expandable sock
system.

Cintec’s anchoring and reinforcement system has been TESTED TO RESIST SEISMIC action. As stated
earlier, seismic upgrading of structures — worldwide is a major and common application of the Cintec
system.

Cintec’s anchoring and reinforcement system DOES NOT RESULT IN BRITTLE FAILURE. Although
very important, this factor is often overlooked in anchoring solutions. Simply stated, brittle failure is
experienced in systems that hold... then fail. Cintec’s progressive failure (by design) allows for release
when critical loads are reached but not instant total failure. A rough analogy might be the difference
between a blow out versus a slow leak in a car tire.

For more information see ENGINEERS GUIDE available at www.cintec.com
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CINTEC - GENERAL SPECIFICATIONS

Cintec’s anchorng and reinforcement system “Presstec” grout is CEMENTATIOUS.

Cintec's anchoring and reinforcement system can be INSTALLED IN WET OR DUSTY CONDITIONS.

Cintec's anchoring and reinforcement system has been TESTED TO BE FIREPROOF.

Cintec's anchoring and reinforcement system is PULLOUT CAPACITY ENGINEERED to required load capacity.
Cintec's anchoring and reinforcement system has been TESTED TO 150 FREEZETHAW CYCLES.

Cintec's anchoring and reinforcement system provides both ADHESIVE AND MECHANIC AL atiachmeni.
Cintec's anchoring and reinforcement system has been TESTED TO RESIST SEISMIC action.

Cintec's anchoring and reinforcement system DOES NOT RESULT IN BRITTLE FAILURE.
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For more information see ENGINEERS GUIDE available at www.cintec.com

©CINTEC 7 E.O.E




REV 2 NOV 2020

THE STEEL

The anchor or reinforcement consists of three components - steel, sock and grout. The
first is the reinforcing bar which comes in a variety of forms such as solid, hollow, round
or square. Steel configuration is determined by project requirements such as load and
application. It is, in most cases, stainless-steel Type 304 but we also use Type 316 for
greater corrosion resistance and Type 2205 where higher strengths are needed. Cintec
manufactures to the specific requirements of the project and therefore may use other
types of stainless steel as well.

For more information see ENGINEERS GUIDE available at www.cintec.com
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THE SOCK

The second component of the Cintec Reinforcement System is the sock.The sock is a
woven polyester sleeve that can expand horizontally but not longitudinally. Redundant
to the process once inflated and the grout has set, the sock is critical in the installation
procedures to contain and retain the grout. Wetting the sock, prior to inflation,
“conditions” it to allow the bonding grout milk to flow through yet traps the micro
cement particles and prevents uncontrolled grout flow. This facilitates an even
expansion along its entire length for bonding with substrate where contact is made
and expansion of system into voids when possible. Manufactured by Cintec, to
stringent standards, this proprietary sock is available in 1” to 12” diameter and
unlimited length.

For more information see ENGINEERS GUIDE available at www.cintec.com
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THE GROUT

NON SHRINK GOOD STRENGTH

-D REINFORCEMENT AND ANCHORINGESEEREE

The grout is the third component of the Cintec Reinforcement System and is a specially
engineered Mineral Bound Injection Grout with no artificial additives. This cementitious
grout consists of very fine particles (micro cement) that can be injected over
considerable distances. It is non shrink, non expansive and impervious to absorption
when set. The patented grout is manufactured in Germany to Cintec standards.
Stringent mixing and injection procedures are provided as part of Cintec’s Quality
Control program and must be implement by Cintec certified installers only. Use of any
other grout,in the Cintec Reinforcement system, that has not been pre-approved by
Cintec is not allowed and voids any warranty.

For more information see ENGINEERS GUIDE available at www.cintec.com
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PRESSTEC °“GROUT BOND UICK CALCULATION

GROUT - PRESSTEC 2000

TYRICAL MEAN VALUES

T DAY 28 DAY
1060 p=i ¢ T 3 Mpa 1150 psi ¢ 7.9 Mpa
COMPRESSION 1550 psi /45 Mp. B340 psi /61 Mpa HEZS psi /66 Mpa

% AFTER 24 HOURS

PULL QUT BOND STRENGTH

Boad capacdy = m X Sibv
Wheare D s care Dol disgmeder G s grouleéd lenpth and G5ike
Assume s Eanch | Gl =6 inclses

Tharedone 4N K A% 2450 [bs hond pull out for this anchor

DESIE

For more information see ENGINEERS GUIDE available at www.cintec.com
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MOCK-UP of CINTEC ANCHOR or REINFORCEMENT

Drilled hole usually double,
or greater, than body
diameter

Main body available as
square or circular hollow
section or solid bar profile of
various stainless steel
materials

Woven polyester sock
contains and retains
Presstec© grout around
anchor body and allows
bonding to substrate

Grout injection (40 psi +/-) moulds
anchor / reinforcement to the

shapes and spaces within walls /
structure

Inner wall substrate — in this
case rubble fill but often other
material

MODEL COURTESY OF
WTFI INGS

For more information see ENGINEERS GUIDE available at www.cintec.com
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IN-SITU CINTEC ANCHOR or REINFORCEMENT

ACTUALKXHOTO

The Cintec Reinforcement System attaches in two ways. When the sock, containing grout
milk, is able to come in contact with the substrate it adheres with a bond strength of 65 psi.
When the expanded sock is not able to contact the substrate then the low injection pressure
causes the sock (grout) to expand horizontally into the void resulting in a mechanical
attachment. The high compressive grout strength (9,000 psi) ensures an attachment with
progressive failure rather than brittle failure potential.

For more information see ENGINEERS GUIDE available at www.cintec.com
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PROJECT SPECIFIC ANCHORS

All Cintec anchors are custom made. Whatever the Engineer / Architect / Contractor
requires to satisfy project needs is what we manufacture. Configuration is determined
based on load requirements, application and site conditions. This customization ensures

that specific project needs are satisfied as opposed to a compromised solution selection
based on “off the shelf’ availability.

For more information see ENGINEERS GUIDE available at www.cintec.com
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CALCULATION OF ANCHOR DESIGN

Determine application: Is the anchor to act as a:

A - Stitching anchor for brick or masonry (usually CHS but may be SRT for higher loads)

B - Wall reinforcing anchor (usually SRT but may be HSS or other configuration)

C - Wall anchor used for attaching to something i.e.: header, beam etc. (usually SRT but end
treatments can be defined by Engineer/ Architect)

Determine loads to be placed on the anchor.
A - Shear

B - Tensile

C - Bending Moment

D - Pull Out (bond failure)

Substrate capacity will usually be less than designed anchor capacity.

Wall (substrate) thickness must be determined as anchor lengths are predicated on this
information. Stitching anchors are usually 4” [100 mm] less in length than total wall thickness
(embed length). Anchors used for attaching are usually wall thickness less 2” [50 mm] (embed
length) plus the amount of protrusion needed for end treatment.

Page 63-66 — Locate stainless steel configuration (CHS, HHS or SRT) and pick size from table
so that all values equal or exceed determined loads.

Page 86 — Hole diameter selected from table based on style and diameter of steel to be used.
(Note length limitations)

Page 75- 82— Using the embed lengths and hole diameter previously found locate corresponding
Pull Out Strength. Straight extrapolation for longer lengths is acceptable. If pull out is less than
needed, diameter of cored hole may be increased.

The above is a good general determination of anchor needs. | should also caution you that any

load other than direct tension pull out should be looked at by a Cintec engineer. A second
opinion never hurts.

For more information see ENGINEERS GUIDE available at www.cintec.com
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Cintec Generic SRT

MJECTION TUBE
VENTILATION TURE 50K ENDPLATE Ep
NUT WASHER
— 1 ISOLATION WASHER ] |
AL A T T b/ T Aachor Body
=] T -
FRONT PLATE Fp
—— Et - Exposed Thread (Varable) Gl - Sock Length/Grouted Length (Variable)
0l - Overall Lenagth (Variable)

Accessories

_,,
B q
- 4

Adjustable Angled Plate :
it w/Drop Pin Brick Tie

Z
oo =z S/

Coupling MNut Drop Pin Plate - adjustable when used with coupling nut.
CINTEC TERMINOLOGY

Accessory - end treatment that can be attached to an Sock - polyester , woven tube usually size matched to the core
anchor hole diameter... but NOT always
Anchor Body - the steel part of the anchor. Usually Tube (Injection) - tube that is glued in place and used to INJECT
stainless steel and may be hollow, solid round, square, or the anchor sock. It is the longest tube if two or more tubes are
other configuration. present and identified with a sticker with green writing.
Nut - hexagonal with same ID as body and usually of same Tube (ventilation) - also called "emergency" allows air in system
material. to escape and can also be used if absolutely necessary to

inflate anchor. It is glued in place and is the shortest tube if two
Plate (End) - on most anchors. Usually 1/2" smaller or more tubes are present and identified with a sticker with red
diameter than the core/ sock diameter. Has hole in centre writing.

the size of body so it can be welded / thread-locked in place.

Washer - also called flat or fender washer.
Plate (Front) - on some anchors. Usually 1/2" smaller
diameter than the core/ sock diameter. Has hole in centre Washer (Isolation) - also called bonded washer, used to
the size of body so it can be welded / thread-locked in place. prevent galvanic action between dissimilar materials
May also have "port (s)" to accommodate injection /
ventilation / other tubes.

For more information see ENGINEERS GUIDE available at www.cintec.com
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WHAT TYPE TO USE

CHs
s -1

CHS (Circular Hollow Section-)

Often referred to as a STITCHING ANCHOR. Stainless Steel 304 / 316. Body diameter of 3/8” (10mm) or
1/2” (12mm). They are typically installed perpendicular to wall face. Used primarily to consolidate exterior to
interior masonry wall faces as well as multi-wyth brick. Installation in a %4” (20mm) or 17 (25mm) hole,
respectively, with a length of no more than 39” (1000mm). Typically installed in a Domino 5 pattern. Various
end treatments are possible for specific project requirements and applications.

SRT

SRT (Solid Rod-Threaded)

Inplane or Reinforcement run parallel with the structures face and may be installed vertically, horizontally
or on an incline. Stainless Steel 304 / 316 /2205 and 17-4PH are commonly used but other grades may be
used per project requirements. Possibly the most widely used of the Cintec Reinforcement System, it's
primary purpose is in strengthening, cladding stabilization and seismic upgrading. Body diameter of 4"
(6mm) to over 2 V%" (65mm) with sock / core hole diameters of %” (20mm) to 12” (300mm). No length
restrictions - longest to date 147’ (4500mm). This “type” of reinforcement may be Post Tensioned using a
2 sock system. Application and purpose dictates sizing and various end treatments are possible for specific
project needs.

SHS

R b e b e e T e e e e e e e R e

SHS (S uare Hollow Section)

Moment Resisting, this body configuration is used where increased moment capacity is required while
keeping the overall diameter of cored hole to a minimum. Stainless Steel 304 / 316 are commonly used but
other grades may be considered per project requirements. It's primary purpose is as a support member and
to transfer loads for applications such as shelf angles and joist attachment. Body diameter of 3/4” (20mm) to
over 4” (100mm) with sock / core hole diameters of 1 1/2” (38mm) to 12” (300mm). No length restrictions.
Application /purpose dictates sizing and various end treatments are possible for specific project needs.

For more information see ENGINEERS GUIDE available at www.cintec.com
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PATENTS

Since 1965 Cintec has strived to become the world leader in the design and manufacture of
project specific designed cementitious anchoring and reinforcement systems. PATENS have
been obtained worldwide and addition patents have been applied for and are pending. A partial
list of Patents / Patents pending includes, but is not limited to: 2245121, 2764006, 0090895,
5216857, 116188, 1210495, DE19609914, 3608775, DE2315859.

THE SOCK

The fabric sleeve is specially woven polyester based tubular sock with expansion properties to
suit the diameter of the bore hole and substrate. The mesh of the sock is designed to contain
the aggregates of the mixed grout, while still allowing the cement enriched water (milk) to pass
through the sock both sizing and bonding to the substrate. The sock is manufactured in sizes
from 20mm to 300mm in diameter and is adjusted to suit each individual application.

THE GROUT

Presstec grout is a cementitious grout, a factory produced mix with graded aggregates and
other constituents which when mixed with water produce a pumpable grout that exhibits good
strength with no shrinkage. Presstec is made in accordance with the following DIN standards,
which are comparable to ASTM standards. The Grout does not contain any resin binders.
DIN EN 197-1. DIN EN 196. DIN EN 932. DIN 4226. DIN EN 933.

DIN EN 1097. DIN EN 1367. DIN 18555. & DIN 18557

For more information see ENGINEERS GUIDE available at www.cintec.com
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WARRANTY

Cintec warrants that for a period of 12 months from the date it sells a product it will, as its sole
option and discretion, refund the purchase price, or replace such product if it contains a defect in
material or workmanship. Absence of Cintec receipt of notification of any such a defect together
with a copy of the original invoice within this 12-month period shall constitute a waiver of all
claims with regard to such product.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

Acceptance of order: Acceptance is limited to the express terms contained herein, and terms
are subject to change by Cintec without notice. Additional or different terms proposed by
customer are deemed material and are objected to and rejected, but such rejection shall not
operate as a rejection of the offer unless it contains variances in the terms of the description,
quantity, price or delivery schedule of the goods.

Indemnification: Cintec shall in no event be liable for, and customer hereby agrees to indemnify
Cintec against all claims related to, special, direct, indirect, incidental, consequential, or any
other damages arising out of or related to the sale, use, or inability to use the product by an
approved contractor and or installer for the said project the product was designed for. Customer
hereby agrees to indemnify Cintec for any costs, including attorney’s fees, incurred by Cintec as
a result, in whole or in part, of any violation by customer of any Federal, Provincial or local
statue or regulation, or of any nationally accepted standard. It shall be customer’s sole
responsibility to comply with all applicable laws and regulations regarding the handling, use,
transportation, or disposal of products upon taking possession of same.

Cintec’s anchoring and reinforcement systems can only be INSTALLED BY CINTEC TRAINED
AND CERTIFIED installers.

For more information see ENGINEERS GUIDE available at www.cintec.com
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4/ '11{9 TERRACOTTA SOLUTIONS WHAT IS TERRA-COTTA ?

What is Terra-Cotta?

The definition of terra-cotta refers to a high grade of often blended, weathered or aged
clay which, when mixed with sand or pulverized fired clay is called “grog”. This can be
molded and fired at high temperatures to a hardness and compactness not obtainable with
brick. A class A Engineering brick as found in the UK and best red terra-cotta would not
be far apart. The word terra-cotta is derived from the Latin word terra-cotta—literally;
“cooked earth” terra-cotta clays vary widely in color according to geography and types,
ranging from red and brown to white. Historically, the color of the terracotta was a very
good indication of the overall properties of the material because the color of the clay
determined the final color and certain clay types could only be fired at certain
temperatures in order to achieve those colors. For example, the reds and deep browns
were made from Fire Clay and were able to be baked at high temperatures to provide the
strongest, least porous terracotta. At the other extreme, the light brown/buff terracotta
was made using a kaolinitic clay which had to be burnt at low temperatures and thus was
relatively weak and porous. By the 1900s englobe [Liquid clay dip or spray applied as
finish coating then fired to provide a different colour to underbody or biscuit
Sometimes known as slip glaze. Differs from lead, tin and other clear glazes that add
gloss to underbody ]finishes were being applied to mimic stones etc and so the color
indications no longer worked because the slip glaze finish could be designed in any color.
. Terra-cotta is usually hollow cast with several means of manufacture: “hand-pressed”
into plaster moulds; molded by hand; extruded and slip cast blocks which are open to the
back, like boxes, with internal compartment-like stiffeners called webbing. Webbing
substantially strengthens the load-bearing capacity of the hollow terra-cotta block without
greatly increasing its weight, but not always. It certainly stiffens the wet clay while
drying, but are often undercut near the walls

Ram Press Extrusion

Terra-cotta blocks are often finished with a glaze; that is, a slip glaze (clay wash) or
englobe finish applied before firing. Glazing changed the color, imitated different
finishes, and produced a relatively impervious surface on the weathering properties when
properly maintained. It had rich color and provided a hard surface that was not easily
chipped off. Glazing offered unlimited, fade-resistant colors to the designer. Even today,
few building materials can match the glazes on terra-cotta for the range and, most
importantly, the durability of colors. Poor “glaze fit” would mean crazing and flaking

©CINTEC 20 E.O.E
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glaze.

Glazed architectural terra-cotta has many material properties similar to brick or stone. It
also has many material properties radically different from traditional masonry materials.
It is those differences which must be considered for a better understanding of some of the
material characteristics of glazed architectural terra-cotta when it is used as a building
material. Terra Cotta has a relatively high compressive strength but weak in shear and
tension, especially from forces exerted by corroding ironwork.

Glazed architectural terra-cotta probably comprises one of the largest if not the largest
constituent material in some urban environments today. However, the infinite varieties of
glazing have hidden this fact from the casual observer. One of the attractive features of
glazed architectural terra-cotta in its time was that it could be finished (glazed) in exact
imitation of stone. In fact, many professionals are often surprised to discover that what
they presumed to be a granite or limestone building is glazed architectural terra-cotta
instead.

Deterioration:

Deterioration is, infinitely complex - - particularly when glazed architectural terra-cotta has been
used as a cladding material.

Deterioration creates a “domino” like breakdown of the whole system: glazed units, mortar,
metal anchors, and masonry backfill. In no other masonry system is material failure potentially
so complicated.

The root of deterioration in glazed architectural terra-cotta systems often lies in a misapplication
of the material. Historically, glazed architectural terra-cotta was viewed as a highly waterproof
system needing neither flashing, weep holes nor drips. This supposition, however has proved to
be untrue, as a serious water-related failure was evident early in the life of many glazed
architectural terra-cotta clad or detailed buildings.

No one case of deterioration in glazed architectural terra-cotta is ever identical to another owing
to the infinite number of variations with the material: original manufacture, original installation

©CINTEC 21 E.O.E
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inconsistencies, number of component parts, ongoing repairs or the various types and
sources of deterioration. However, certain general statements may be made on the nature
of glazed architectural terra-cotta deterioration.

As with most building conservation and rehabilitation problems, water is a principal
source of deterioration in glazed architectural terra-cotta. Terra-cotta systems are highly
susceptible to such complex water-related deterioration problems as glaze crazing, glaze
spalling and material loss, missing masonry units and DETERIORATED METAL
ANCHORING, among others.

fallure of the decorative terra cotta facade.

Deterioration of Metal Anchoring:

Deteriorated anchoring systems are perhaps the most difficult form of glazed
architectural terra-cotta deterioration to locate or diagnose. Often, the damage must be
severe and irreparable before it is noticed. Water which enters the glazed architectural
terra-cotta system can rust the anchoring system and substantially weaken or completely
disintegrate those elements. Total deterioration and the lack of any anchoring system may
result in the loosening of the units themselves, threatening the architectural or structural
integrity of the building. Recently, falling glazed architectural terra-cotta units have
become a serious safety concern to many building owners and municipal governments.
Early detection of failing anchoring systems is very difficult.

Repairs to Deteriorated Anchors and Iron Work:

The source of moisture must be determined and rectified to mitigate further corrosion of
the anchors and original iron work. Serious consideration should also be given to
stabilizing the original iron work and anchors which will continue to rust and jack even if
no longer performing any structural service. One way to deal with this problem is to use
Cathodic / Impressed current protection.

©CINTEC 22 E.O.E
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Cathodic Protection
How Historical Steel-Framed Buildings Fail

Best Use

- Use to stop corrosion

- Heavily reinforced elements

- Deeply embedded steel

- Aggressive environments

- High chloride environments

- Beams and columns

- Historical steel frama buildings, generally
built between 12800 and 1950

- Provides very long service life

1= Moisture permeates through

- stone to reach steel.
2- Poor quality mortar traps moisture against
steel creating perfect corrosion conditions.

3- Steel beams corrode and expand.
- 4- Expansion caused by corrosion dis-

places or fractures stone.

The Cintec anchors as shown in this manual are all fabricated from stainless steel grade
304 or 316 depending upon site location and conditions. The anchors can be installed
from either the inside of the building or from the exterior face again depending upon site
conditions.

If the application is from the outside face of the terra-cotta consideration must be given to
patching the drilled holes and the adjacent spalled areas. The project conservator /
architect will advise on the most suitable product to use.

SPECIAL NOTE

Cintec's purpose is never to stabilize less than satisfactory TerraCotta. either
fractured or with a poor glaze condition. It is only meant to stabilize sound
TerraCotta pieces whose anchorage has failed or is about to fail, typically due
to corrosion, but which has not caused rust jacking to the point of TerraCotta
fracture.

©CINTEC 23 E.O.E
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nced FixFig[u Technology
tta and Hollow Masonry Units

DESIGNED ANCHOR SYSTEMS FOR THE CONSTRUCTION INDUSTRY
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Engineering Design for Terra Cotta Repairs and Stabilization

REV 2 NOV 2020

Technical Bulletin No.2

Terra Cotta (TC) sections appear to be fragile and
brittle. However the material itself is strong.

This is borne out by the fact that our historic terra cotta
is not deteriorating faster, and most deterioration is
caused by factors external the units themselves.

ASTM Cé67 specifies a minimum compressive strength
of 6,000 psi, shear strength of 1,500 psi and a glaze
adhesion bond of 1,200 psi for new terra cotta units.

We believe that the historic terra cotta elements found
in North America will meet or exceed these values.

The challenge lies in the thin walls of the units. Minimum
face thickness is | according to good practice.

The cross walls or webs are another matter. Ve find
that 4" is typical and recommend this value as a
maximum if site verification is not possible.

The most common failure modes are:

|. cracking due to oxide jacking of embedded or
adjacent metals.

2. loss of support and attachment due to corrosion of
attachments.

The most common details we are asked to deal with on
historic terra cotta facades are very similar to Plates 25,
26 and 27 of the National Terra Cotta Society manual
which now forms part of Cintec’s North American Terra
Cotta Solutions manual.

In these details the corbelled or cantilevered TC cornice
has come loose from its fastenings, which have been lost
to corrosion.

The solution as overlaid on these plates is to add a
cantilevered horizontal anchor into sound (minimum
imbed is six inches) back up beyond the inner edge of
the TC unit. These anchors then act as cantilever
brackets, transferring the vertical load of the TC unit by
bearing on the Cintec grout bulb formed within the
hollow interior of the TC unit.

Any outward separation of the unit is arrested by the
grout bulb within the void in the unit.

A second anchor is installed vertically to reattach the

dentil units under the main cantilevered unit.These units
were typically attached by ] bolts to the upper units.The
] bolts are the first to corrode through and are usually
the first sign that the cornice is failing.

Full scale testing was performed on a similar TC unit
taken from a High School in New York.The bond of the
grout bulb on the inside faces of the TC unit, and the
mechanical keying of the expanded grout bulb within the
void allowed the anchor to develop sufficient transfer
of load to fail the TC unit in diagonal tension in the top
and bottom faces. The anchor and its bond remained
intact after failure.

The load was applied in tension to the anchor at the
back face of the unit, away from the unit.A testing bridge
was used to ensure that the load was transferred to the
TC unit. The failure load was 4,600 pounds.

When the shell of a TC unit must be relied on to
transfer a load, typically pull out, diagonal tension within
the shell is calculated to determine the cone failure load.
We typically use 10 psi unfactored (allowable) for this
value. This is very conservative in view of the high
compressive strength these units provide. But caution
is warranted because of the thin sections.The strength
of the original units can be reduced near corners and
thicker decorations where firing of the clay may not be
uniform.

The thin sections around a hole drilled for the anchors
may also be damaged by the drilling.Years of experience
have proven that air cooled dry diamond core drilling
should exclusively be used. Hammer drilling will put
more stress on the TC section, causing spalling on the
back web of the section and can cause fracture cracks.

The above deals with reattaching existing TC units in
place.

Cintec has developed solutions for anchoring one or
more new TC units within a line of existing units where
a TC unit has to be replaced. See Cintec’s North
American Terra Cotta Manual or www.cintec.com

For additional information please contact
I 613 225 3381/ 1 800 363 6066 or review
more information at www.cintec.com

©CINTEC
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Fire Rati ng Cintec anchors are fire resistant

Building Research Establishment
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Inside Detail on Terra Cotta Repairs and Stabilization

e f Over time the steel hangers that hold back the terra
e e g s S cotta corrode. When this happens you have the
= i SITE_'_’HOTO_ - potential for sections, or pieces, of the terra cotta to
fall off the structure.The challenge is how to secure the
new pieces to the existing facade, or how to stabilize
the existing. Cintec has designed a stainless steel
anchoring system that is compatible with the terra cotta
- and the substrate. The system has a 2 hour plus fire
rating and can be installed to be invisible. There is no
’ other anchor system, in the world, that offers this level

—. _ " of design flexibility.

PROPOSAL FOR STABILIZATION

Proposed terra cotta design retrofit of the Union Station Power
House in Kansas City, Missouri.

Design included by permission of SE of record Richard McGuire.
PE,. Structural Engineering Associates, Kansas City, Missouri.

Typical anchor detail Cintec M6 %th” Dia body 3" Dia sock set
into 14" Dia hole subject to field conditions and requirements.
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PLATE 1
FIXING TERRA COTTA CLADDING TO BRICK BACK UP
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PLATE 2
FIXING TERRA COTTA CLADDING TO BRICK BACK UP WITH AIR GAP
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PLATE 3

FIXING TERRA COTTA CLADDING TO STEEL SPANDREL
AT WINDOW HEAD

©CINTEC 30 E.O.E



TERRA COTTA SOLUTIONS

PLATE 4
FIXING TERRA CLADDING TO A STEEL COLUMN
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PLATE 5
FIXING TERRA COTTA CORNICE TO BRICK PARAPET
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SECTION
REMVOWED
& TESTED

'

CINTEC
SOLUTION
AS BUILT

—= TEST LOAD

FLLL SCALE TESTING

TOP VIEW
DIAGONAL
e _ — TEST LOAD
FAILURE |
CRACKS
IN TOP &
i PLATE 6
FACE
TESTING DETAILS FOR NEW YORK
SCHOOLS CONSTRUCTION AUTHORITY
PS 230 K
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AMCHOR INSTALLED IM 2 PARTS

TERRA COTTA DETAILS The Terra Cotta iz st in ploce and fitted
cerrafully evar the autarand of the cnc har

Farl ane anchor is installed cind inflated with the flaxibls injaction fulks

some [Xmm info the existing poesitioned through an existing mortar j2int

brick backing . this moy nequina
same fam parary jiading o keap
the anchors leyval

SECTION SHS atatin ke steal corbel anchars SECTION
withar 15 = 15 1.5 ar 30 = 3omm

dapandantan kad

CRILLED HOLESIEE
15 = 15 mm in A0

A0 E IO N S5 ming

ErBEDDED DEFTH
dapandent on loeid
eind e evity sive

SO TROL 500 K PLA IFIECTED M tube

SLEECT TO IRTERAATIOPWAL PATERTS ARD C OPVRIGET

PLATE 7

Fixing New Terra Cotta to existing back up wall
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GROUT BULB
=~ IN BACKUP

TERRA COTTA
"L" ANCHORS ~-.

g
R
TERRA COTTA ___ ——= >
"T* ANCHORS O QQ|
KEYHOLE :
TERRA COTTA SLOTS TYP.

"L" ANCHORS

3% EXISTING SOUND

TERRA COTTA UNIT

DRILLED HOLE

~———_ NEW REPLACEMENT
TERRA COTTA UNITS

DRILLED HOLE

EXISTING S0OUND
TERRA COTTA UNIT

PLATE 8

INSERTING NEW TERRA COTTA UNITS BETWEEN EXISTING UNITS

©CINTEC 35 E.O.E



o/)[{al TERRA COTTA SOLUTIONS BUCECRE] (e

The Property

This “recognized iconic asset” to the New York City Skyline is located in midtown
Manhattan and was built as a Beaux-arts style building in 1929. The property strategically
straddles Park Avenue at 46t Street and offers a direct connection to Grand Central Station.
[t was acquired (2007) for One Billion One Hundred and Fifty Million USD.

The Problem:

By 2009, the building had begun to show its age. At the top of the building some of the
twenty-six east and south facing Terra-Cotta columns [ with the base starting at the 26t
floor and extending past the 34t floor] had begun to show cracking and in some areas had
began to shed large pieces of stone. The building owners/management had inquired as to
replacement cost of these Terra-cotta Brackets and had been quoted prices exceeding 16
Million dollars. By employing the Cintec method of repair, the owner was able to save
more than 15 million Dollars effecting by repairs for just over 1million dollars.

The Solution:

©CINTEC 36 E.O.E
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Cintec in North America was contacted by Thornton Tomasetti Engineering Corporation to find a
solution to this issue, working together Cintec North America and Tomasetti Engineering
Corporation formulated a plan. Through exploratory probes and use of a borescope it was assessed
that the structure behind the columns (staked brick) was sound, given this assessment it was
decided that all that would be needed would be to attach the Cintec Anchoring System to the
backup and tie it to front face of stone that was sound in order not only to strengthen the
attachment to face but to create additional points of contact in the stone face brackets that were
sound. This was achieved by drilling oversized holes through the face of the stone and recessing
the anchor 1” from face of stone to accommodate a finish patch, thus creating an invisible repair.
The ability to tie the face of the original Terra-cotta panels to the back up wall saved the integrity of
the landmark building.

Savings:

By affecting, this repair method as opposed to fiberglass replacement and demolishing landmark
terracotta brackets and columns, the owner was able to save more than 15 Million dollars and
effect repairs in less than a quarter of the time needed to replace brackets. The General
Contractor on this project was United Restoration Corp who worked closely with Cintec North
America, Thornton Tommasetti (Engineer of Record) and Arteco Design Corp (Driller/Installer) to
complete this project with minimal issues and maximum savings.

General Contractor Engineer of Record Specialist Masonry Contractor
United Restoration Services of
NY Thornton Tomasetti Arteco Design & Restoration
295 Greenwich St, Ste 341 24 Commerce Street, 8" FI 8 Bogart Place
New York, NY Newark, NJ Yonkers, NY
10007 07102 10708
Tel: 212-431-1261 Tel: 877-993-9737 Tel: 914-793-9424
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Attaching Flag Pole intoTerra-Cotta

THE NEwW YORK BoTANTICAL GARDEN

©CINTEC 39 E.O.E



W|'I[{{d TERRA COTTA SOLUTIONS WER LI ()

Charleston Presbyterian Church, Charleston West Virginia
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Typical Details for attaching Terra-Cotta Ornaments N.Y

STANDARD CINTEC TERRA
| COTTA REPAIR ANCHORS

- T N i
- i = e L]
o » v
/v -
s r F £,
: \
A7 i
- } s’
. .
\ !
\ 3
T W Myl

Overview of existing terra cotta
ornament at the 6¢g floor to be

pinned Wood block

1sketch of section of 9th floor Terra-Cotta Ornament
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Typical Details for attaching Terra-Cotta Ornaments N.Y

- LOCATION OF FROBE
PERFORMED ON SITE.
Z2INCHES DEETH,
AFEFDE, 430 ANGLE,

ey T

EXETinG  panNpow)

Sketch of Terra Cotta Ornarment — 10% floor

Sketch of Terra-Cotta Ornament 10" Floor

10 Floor Terra Cotta Omament
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Typical Detials for attaching Terra-Cotta Ornaments N.Y

g _'9\.

b ” iy

S

N = Location of probe
performed at this

Depth 22:inches,.
approximately 300

' Photofsketch of Terra Cotta Orament at the 11t flogr.

Sketch of Terra-Cotta Ornament 11" Floor

ication
probe

cation
probe

Horizontal Cracks at both

Horizontal Cracks at both
y sides of the unit

sides of the unit

—
Vo
N

| iew of Typical Terra Cotta ornarment at the 11% floor, | | View of Tvoical Terra Cotta ornament at the 17t flaor.
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Case History

Details for Buffalo Head Terra-Cotta Ornaments, NY
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Thornton Tomasetti
Pemram——"
44 B e, 209 e
ek, X 97)3-380
@ @ T5TAICI00 FITIIRI!
i __ = L 3 | [ —
s memmm, 1]
| PARTALELEVATION ~  =iiosris Z)ECTON. (3 |
NTS ATS
[ e
RESET DASTING FLASMNG N
PRTTHER SEAANT
PROVDE CAST STOME TOMKTCH ORIGNAL .
TURACOTTA W SN 325 PHOILE MVD - ERSTING TRRGMA COTEA 1O REVAN \
COURBAG. PROVIDE 55 AMCHORS TY? FETAN COPPER CHOWN AT MC'IJ‘DU)HUO
RCVOR £ 31 SLMTOWRC ALATEN e
e PROVCE 5A LIDUD PLASTIC COATANG AP T3t
TERMACOTFA CRLOR. RENSTALLATION CF COFPER CROWN 5.
VIS MW MCHTAN TO MATH RESET DISTIG FLASHMS W POLYETHER SEALNT
~
: DENO DISTING TERAA COTTA UPPER T REPAC
TIRCRAR, TOOUNS 400 COLOR. WITH AN W30 OR EDSON SYSTEM 45 m
PROVDE GRACE PERM ABNRER COTIA RESAR WORTAR
W §8 AW FOGE PRONTIE EDGOM 31 [LASTOMERC COATIMO &
PRV NEW N FLL NMSONRY ‘ COLDR TO WATO GROGMAL TERRA COTTA COLOR
WP AND PRIV CXPOKD . FIL TERRA COTTA WAH BRCK UASONRY A5 PER
STREL C=AMNEL AND ANGLE & OROIAL CONSTRLCTION. ¥ CRIGINAL CONSTALCTION
W Y AT 16NOT S0LD, NITFY AE. ——
4 JDEMO DETAIL 5 |REPAIR DETAIL ' / FRCNCE GAGE LA SRR 5515 ADERED (ARG
nTs NTa SCRAPE AND PN SO0 STEEL W EROY PAT
Tt Ao u\wawlum:-umnnwm Py
10 MABONAY AND STESL FERAR, 557 NOTE 1 D 2
M8 AL AL 70 w15 541 A WS 1M I BSNS54 4318 PR AR TEY
w.m-urrrwmw- DEFMTIONS, AEFER 10 SEET AR ENETING TERRA COTTA TO REWAN.
NER T XY CONT WMNGER PLATE 1D
S RTALE BETAEN T
SATNG AL TOB ==
ENFORCED ”- o ————
RGBT = EAE CaTEC Auceon L
o WA - -
| e
. PG MaE T ok BT
e -
XX SRR
; by o s BRI e
< e NI TR O AR ¢ SHELF ANGLE REPAIR AT BUFFALO HEAD bz
- SLATE O 8 NSTALED () BASTOMERC carm
i?ﬁlﬂ ENKTNG KNG E 10 8 REIWFORCES
> wsm - EXTTAG 3 FLATE SEVOR0. ANCHOIRSS N DMUA TN AT SACH S ALO HEAD —
EXSTAG CHRMNEL YO8 RENFORCED MooRTYPE | Meon gt awonos auaTTy o
S - 20 AR AVEME
SPANDREL BEAM SPANDREL BEAM A omcosoon | e 26 oo i
7 PAIR AT FIELD OF RY 8 REPAIR AT BUFFALO HEAD
s s wores —
1 GO NOT PENETRATE INTERIOR WALL WHEN DRLLING HOLES FOR.
! WIE i ANCHON MSTALLATION
i A8 SN, P08 O BOMC TN 2. FOR WO S04 - x LT 0 8 THELDNGTH B MOVCED MO TRAMED RePMADETALS
i \TER ASTALATION FOR PRIGING PURFORE 0N
H Sl i o o e =
{ REFENTO £ At % —m
BCINTEC 44 Ho-E A0100
NG G =0T




@]'|[{d TERRA COTTA SOLUTIONS RUCECR [L1{s

Details for Sculpture Arm Terra-Cotta Ornaments, NY

C
}
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Details for Sculpture Arm Terra-Cotta Ornaments, NY

Y.
|/ ApIAZ

e 15 WEST S6TH STREST

e om e

2\, ELEVATION DETAIL AT LIMESTONE CRACK PATCHING

Ad0]) SAMEE-T-T

~

HFZ Capitol Group
600 Madison Avenue
New York, NY 10022

Facade Restoration

The Chatsworth & Annex
344 West 72nd Street

) New York, NY 10023

Stone Restoration Details

4 '\, PLAN DETAIL AT TERRA COTTA URN § '\ SECTION DETAIL AT TERRA COTTA URN 37 F}EVAYIW DETAIL AT ZEUS SCULPTURE ARM REPLACEMENT A-401 .00

DRAWING:  NEW YORK STATUE,

344 W 72nd ST c ' N TE
FLEXIBLE CINTEC ARM ANCHOR

REINFORCEMENT SYSTEMS

1/4" Thick X 1 34

2* Length of 3/4" SHS enclosing the 3 pieces of DT oo - tee:
e 3/16" SS Aircraft cables and supporting the 2 L
3/16 " Diameter Stainless Steel Aircraft Cable (Qty 3) Tnions sod S Kbes
mechanically coupled to endplate through a 2* long 1 1/4"

|
SHS that is weided onto the endplate - common both ends

= B e e ; '@@; ——

i
,!-

Mechanical clamps attached
to ends of 3/16" aircraft cable

2 Socks 3" Diameter

2 Standard 10mm Fill Tube attached to two L Union that in tum is attached
to 10mm tubing used to inflate anchor -each side independently
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National Bank of Commerce Building, 922, Walnut Street,
Kansas City, Missouri

The National ank of Commerce uilding, located at 922 92 Walnut Street, ansas City, issouri, is a sixteen story
granite, ra ilian brick and terra cotta commercial building. Designed by Chicago architect Jarvis Hunt in 190 07
and constructed in 1907 08 by eorge A. Fuller Company, ansas City.

The main facade faces east. The symmetrically placed entrances are situated behind three prominent arches,
crowned by a denticulate balustrade and supported by elaborately carved moulded scrolls with volutes and
garlands. Smaller similarly designed brackets, positioned at the top centre of each arch, visually resemble
keystones.

The photo shows the anchor extending through the plate girder and past the attached terra cotta. The inflated
anchors is 3.5” in diameter extending out of a 2.5” hole. The picture below shows this wall condition. This
attachment approach secures the scrolls directly to the plate girder with a nut and washer which is recessed into
the drilled hole in the face of the granite.

During an exterior examination of the main
entrance it was discovered that the granite
scrolls were showing some tendencies of later
movement. The solution was to install three
Cintec anchors evenly spaced the height of the
granite scrolls. The scrolls are about 7 feet tall.
Three 2.5” holes were drilled in the granite scrolls
through an eye plate anda ”x3”x5/1 ” plate
girder plus through the terra cotta attached to
the plate girder. Photo below shows the two
holes drilled into the granite scrolls.

Owner: Mower Mroertds Co, Kansas Ciy, MO
Contractor: ClamXerl# Contractbhg, I C
Mnghheer oXRecorll:  StriXct¥ralXngbheerdhg Assockhtes, Inc
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New England Power Building, 441 Stuart St, Boston,
Massachusetts

The New England Power Building is 11 stories tall and
was built in 1927 of typical construction methods

of the period. Which included using terra cotta

tile as wall back up through the building including
interior hallways. During the interior restoration it
was discovered that the handrails were not properly
attached to the terra cotta back up walls.

To solve the attachment situation a Cintec anchor 3/8”
stainless steel threaded rod 7” long with a 5” sock was
installed in a 2.5” hole with 1” of exposed thread was
allowed for the attachment of the hand rail. The shop
drawing below gives you a cross section of the design.
The Cintec anchor inflates with Cintec grout to fill the
terra cotta cell to give a 100% positive wall contact
which controls wall pull out and prevents the anchor
body from crushing the terra cotta and the original
wall plaster.

Installed anchor in the wall Two of the four anchors installed in
the wall, note the exposed thread for
attaching the handrail.

Owner: Synergy Investments, Boston, MA

Contractor: ~ Ryan Iron Works, Inc
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Cintec repair details
base upon

= - STANDARD - =
5 CONSTRVCTION =
NB: The diameter of the steel shown is for illustration purposes only. Site conditions/ application |’ =i
= ' may dictate otherwise. The EOR must check and advise. In general the ends of the Cintec Anchors Fi=
. should not extend past the face of the Terra-Cotta untis. !
= Cintec anchor type A =
CINTEC STAINLESS STEEL (304) MIOANCHOR _
=t ¥ th dia body S|
= 2" diameter sock === = :E
% L d Sms T am e i :.E,
= diameter hole i M5 =
Cintec anchor type B =
i .- =
=l CINTEC STAINLESS STEEL (304) MI6 ANCHOR I=
= S4"th diameter body =
g 3” diameter sock %!
1= Set intoa 14" =
=I diameter hole =1
=) NATIONAL =
=/ TERRA COTTA SOCIETY [,Ei
g wwsTuesTReRr L) - § - A nEw vome sy l'i':
= 1927 =
BN it primmsal pratisiod iyl iirimtiors for s frs mraisHs: Stiion e G i watior fams
g Frrpaid cdmidigirrse orstiad b-llﬂpfipm'-d by TRl widect wrdF':rm.f oy r.l-z FrreRmot A fobrianl or Sagatresar of Mot o ' =
ARG TG RDIS,
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Introduction

The present volume is a revision of Avchitectural Terra Cotta—Standard Construclion,
II originally published in 1914,

Like the previous issue, this edition does not presume to suggest architectural design. It
shows illustrative architectural forms of assumed proportions, and their proper construclional
[eatures. It shows the correct use of Terra Cotta. For a number of examples several good
solutions of the structural problems are possible. Varialions in size of similar seclions sometimes
necessilate radical changes in hoth joinking and coustruction.

The changes made in Lhis revision are the result of a more extended experience in manulac-
turing and in modern building methods, and are based on a carelul study of the lehavior and
weathering properties of exterior building materials.

The following are the most important of the struclural principles upon which this revision
hhas heen developed:

Shglf In conerete or steel frame buildings, the veneer or facing malerial should be fully and continuously
Support.s- supported, al each floor level on shelf supports, of adequale strength and stillness, vigidly connected
lo the slructural frame. Steel shell angles or supporls, in all cases, should be located in mortar
joints. The strength of the Terra Colta should not be unnecessarily reduced by cutling the webs

Lo receive Lhe steel.

FEzpanston  Proper provision should be made for expansion joints, at shell supports, over column caps, ete., Lo
Joinls  prevenl Lhe development of disruplive stresses cansed by deflection, wind pressure, Lemperalure

changes, seltlement and like forces. i
Terra Colla  The volume changes incident to the selling and hacdening of concrele, and Uie varialions in volume
r on Conerele  of concrete due Lo humidity and Lemperalure conditions, requive provisions to allow free moyement

Frames of Uhe supporling frame and make it undesivable Lo completely fill a facing applied to a conerete
structure.

Proleclion Proper care should be exercised Lo prevent the corrosion of all steel supports, Lies, etc. Where
againsl such protection cannot be permanently secured through encasement with morlar or concrele, or
Corrosion.  through the use of corrosion resistant melallic coalings, non-corrosive meltals should e employed.

Free- lixposed [ree-slanding conslruction, subject Lo Lhe absorplinn of water through mortar joints and

slanding liable Lo injury from subsequent [reezing, or the expansion of improper filling material, should gen-

Canstrnelion  erally be lefu uafilled and should be venlilated by means of small, inconspicuously placed weep-holes
(indicated by W. IL on the plales).

Fla.s‘hi]lg Properly constructed flashing should he provided to cover the top of large projecting horizontal
and Drips  courses, the backs and Lops ol parapel walls, wide-exposed sill courses, ele., and all projecting [ca-
Lures should have drips.

NATIONAL TERRA COTTA SOCIETY:V-.5:A -INTRODVCTION
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Terra Colta

A brief synopsis of ihe manufaclure of Terra Colla

The architeel's complele seale drawings and sleel framing plans are fuenished Uhe manulacturer.
who, following the design, makes seale shop drawings showing the juinling and construction, and
(ull size details Lo the proper shrinkage dimensions. . These drawings are submitted Lo the archileclt
{or approval belove proceeding wilth the work.

Full size madels to shrinkage scale are made of plaster for cach dillerent shape shown on the shop
drawings. Over Uhese models sectional moulds of plaster are cast, from which laler the required
number of pieces of Terra Colla are produced.

From Lhe architecl’s drawings or sketehes, in the siyle and period indicated, modelled ornament is
applied in ¢lay Lo the lace of the plaster models.  Pholographs of Lthe orpamental models are sul)-
mitled Lo the architect for approval or he may personally examine Lhese models al Lhe factory—
the sofl clay permits of such corrections or improvements which may be desired.

The mixture of clays and [usible minerals vsed in forming the Terra Colla is earelully selecled and
proportioned Lo give Uhe desired degree of plasticily and a eomposition whicly, when [ieed atb high
]Len:lperaturcs, will produce a homaogeneous bady, amply strong to carry the required struclural
oads.

The foregoing processes ave proparalory Lo actual production, the first step of which is pressing.
This is a manual operation and consisis of pressing the plastic elay into the mould,  The walls of
the picees should not be less than one iuch thick, fullowing Lhe contour of the mould, and the
pacLilions should be of such Uhickness and so spaced as to perform their propoer funclions with regard
Lo form and struclure, The pressed picee vemains in Lhe mounld until the clay stiffens. 1L is then
removed from (e mould and s skillfully retouched.  Then it is placed in driers, where Lhe moisture
is evaporaled.

Ifrom Lhe deying process, Lhe Terra Colla passes into Lhe spraying depactanent wheee, by means of
compressed air apparalus, Lthe exposed surfaces are coaled with the eeramic mixture which, during
the firing process following, develops inlo the desived color or glaze.

These colors or glazes are prepared with scrupulous caie, according Lo exacl coramic formulac.

The variety of shades and textures which may be oblained opens up an unlimited field of permaneut
color design in architecture.
Following the coloring process, the Terra Collais fived in kilns where it is subjected Lo a temperalure
rising gradually to 2,000 degrees Faheenheit or more, depending upon Lthe temiperatore of maturity
of the clay and glaze.  Aller proper fiving, the kiln is allowed to cool slowly Lo normal temperature,
an operalion that causes a slow annealing of the Terra Colla.

Terra Cotta is usually fived in periodic muffle kilns. Tn recenl years, Lhe tunnel kiln Lias heen
developed for the firing of Terra Cotta. In the latler type of kiln the Terra Colla is sel or
loaded on cars, which travel throngh a long heated tunnel.

From the kiln, the Terra Colla is removed to the fiLting departmenl, where i is laid out and marked
to correspond with the piece numbers shown on the shop drawings. 1t is also marlked Lo indicale
the position il is Lo occupy in the building. Where required, the joinls are squared, or cul Lo
proper alignment and size, cither by hand or grinding.  Careful fitling is essential Lo assurc salis-
lactory resulls in Lhe crccled Terra Colla,

For rail transportation, Terra Colla is usually shipped in bulk, sccurely packed in hay and braced
to prevent shifling. i

Upon arrival at the building site, the hay should be removed and the Terra Colta placed in (he
vrder mavked, in piles on wooden slrips,

T'or exporl by vessel, the Terra-Colla is usually packed in hoxes or erales, according Lo the special
conditions encountered.  Another method thal has been found Lo be ceonomical and enlively salis-
factory is Lo ship the Terra Colla loose aller it has been wrapped and tied in corrngated cardboard.
The appearance of erccled Terra Colla is greatly allected by inaceurale selling and defeclive puint-
ing of Lhe mortar joints. As Lhe individual pieces of Terra Colla have been carclully fitled and
numbered Lo correspond wilh the evection drawings, the PIECES MUST BE ERECTED IN
ACCORD WITII THE NUMBERS THEREON if satislaclory vesulls are to be secured.

The Terra Cotla manufacturer will contracl to submit shop drawings {or approval wilhin a fixed
Lime aller receipl of the archilecl’s drawings and olher required informaltion. All shipping dales
arve compuled from the dale of receipl by the manufacturer of architecl’s approval of shop drawings
and complete data on eolor and Lexture desired.  Work cannol be definitely scheduled for production
until all essential information is on hand. The process of manufacture may take [rom six Lo Len
weeks, depending upon the size and architectural character of the order.

A Standard Specification [or the Manufacture, Furnishing and Selling of Terra Collaand aslandard
form of eonlract have been adopted by the NATIONAL TERRA COTTA SOCLETY, They are
recommended lor general use. A copy of ellher may be secured by addressing the Sveiety.  The
specificalions are incorporated in this volume.

Terra Colla Juelories are comveniently located in the Easlern, Cenlral and Weslern sections of he Uniled Slales (see list

in back of this volume). Al of the Sociely's tnembership will be glad lo fiave any architeet or desiyner inleresled in (he
pracesses of manufaelure of Terra Colla visit their plants.
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This manual provides general information for use in preliminary selection of a Cintec anchor.
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This manual provides general information for use in preliminary selection of a Cintec anchor.
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This manual provides general information for use in preliminary selection of a Cintec anchor.
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This manual provides general information for use in preliminary selection of a Cintec anchor.

©CINTEC Final designs must be prepared by Cintec and appesved by the project Architect or Engineer of Record. E.O.E



REV 2 NOV 2020

PO RN TERRA COTTA « ~STANDARD CONSTRVCTION + « +

=

DOME CONSTEVCTION ™
TERRA COTTA> WITH REINFORCED CONCRETE Y

THLS PLATE COVERS ONLY THE CONSTRYCTION AND JOINTING OF
TERRA COTTA ™ ¥ ~ QUESTIONS OF ACOVSTICS ~CONDENSATION ¥
OR THE ENGINELERING PROBLEMS OF RENFUORCED CONCRETE 7
ARE NOT ESPICLALLY CONSIDERED ™~ ~ IHE' TERRA COTTH CAN BE
PADE TD SWIT ANY SUCH PARTICVIAR REQVIREMEN %

CENTER LnNE

WHERE GRFEAT DIFFVSIQN OF LIGHT L DEJ‘IEE'.D N
ROIMES SHOVLD BE OFLIGHT COLORELD GLAZED TERRA cOr’zA™ =z
2 ' / C
11
T /-
i 52
72
A
s
7 e A
2 =1

SBEING LINE. OF ARCHEk AN DoszE ”

A mravoN JOINTS L ]

SECT/ON THRO|ARCHES AND DOME *
SCALE ~ ONFFPALF INCH EQUALS ONE 7007~

zﬁpﬁyﬁk AE—‘N '

BING LINE 100

e e
NATIONAL TERRA COTTA SOCIETY V .S' A‘ 4 ‘PLATE NO- 60

This manual provides general information for use in preliminary selection of a Cintec anchor.
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CINTEC ANCHOR TESTING

New York Schools Construction Authority

TESTING AT:
PS230K
1 ALBERMARLE ROAD, BROOKLYN

AND
PS238K

1633 EAST 8™, BROOKLYN, NEW YORK

TESTING ENGINEERS:
VERSATILE CONSULTING AND TESTING
SERVICES (JULY 2001)

©CINTEC 116 E.O.E
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VersatLe CONSULTING & TESTING SERVICES, INC.

240-02 66th Avenue
Douglaston, New York | 1362 1928
Tol.: (718) 428-5025
Intugrity Fax: (718) 428-1038

;l!;ai?é'n Contracts; PS 230K and PS 238K www.vargatileconsulting.com
4

Date: July 9, 2001

Client: Cintec North America

PROFESSIONAL ENGINEER SERVICE
Procedure: Anchors Installation
Location: Parapet Wall

|, Roman Sorokko, P.E., being duly sworn say: | am a Professional Engineer,
(Lic. # 072800) assigned by Hill international, Inc. to conduct the controlled
inspection for the subject contract. | have read all provisions of the Building
Code of the Clty of New York, and | am thoroughly famillar with the plans,
specifications and standards referred to herein.

As an Engineer of Record, and as directed by Hill Intemational, Inc. and NYGC
DDC | will personally perform the controlled ingpaction of the Cintec anchors
installation for this project.

| was also directed to generate an engineering calculation in order to conflrm the
adequacy of the anchars to the design purpose — to secure the terra cotta blocks
attached to the exterior surface of the parapet wall (as per as per tem 04525 -
Terra Cotta Restoration and Repair, Paragraph 2.2 Anchors).

| cortify that | have carefully analyzed the proposed anchors’ parameters
using a conservative engineering approach (see attachmant No. 1) to the
best of my knowledge, and | have found that their application will be
adequate to the design purpose, and it will be incompliance with the
Specifications of the subject contract.

| executed the full scale pull out tests (see Attachment No. 2) for these anchors,

. and | have found that the achieved results are significantly exceeded the design
criteria.

contract.

Prep. by Roman Sorokko, P.§

©CINTEC 117 EOE
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ANEHOR DESCRIPTIONS FOR CORNICE STABILIZATION
AND MODILLION REATTACHMENT

ANCHOR TYPE A
MODILLION REATTACHMENT

[{2* DIA S0LID THREADED 55 CINTER ANCHOR-
PLAIN ENDS- IN | |74” DIA HOLE APPFROK

24 LONG SOCKED FuLL LENGTH. SOCK
OVERSIZED TO EXPAND INTO CELL OF MEW

v/¢ UNITY
ANCHOR DESIGN -~ TENSION

ANCHOR TYPE B
CORNICE STABILIZATION

| 142 x | /2" & I/8" HSS 38 CINTEC

ANCHOR-BLAIN ENDS -IN 3° DIA HOLA ARPROX 30" LONG
SOCKED FULL LENGTH. SOCK OVERBIZED

TO EXPAND [NTO ¥OID AT FRONT

ar EXISTING T/C UMIT.

ALTERNATE NDESIGN - EXTEND ANCHOR TO

INGIDE FACE OF PARAPET AND PROVIDE
$S NUT, WASHNER AND BEARING PLARTE

ANCHOR DESIAN - COMBINGD BENDING AND SHEAR

OPTION |

Project Name Ps 230 & PS258
Location BROOKLYN New YORK
Consultant:  1amMg CONSULTANTS

CANTILEVERED DESIGN
(CONSERVATIVE)

Engineered Graut Frjection Anchors by: Projecs #:
LY 1 ; Az
CINTEC AMERICA INC. .5
Tel 613 225 3381 Fue 613724 9042 Comusl: sirgicingac.com Diage! .IAWABY 2001
SK2A| 0

Product Engineering By: JOKINEN ENGRVEERING SERVICES , , 58

Tel 505 333 1079 Paxc 505 333 2089 S-maik eria jokinen@sympatioo.com

©CINTEC 118

DRWG #: |REV. #
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TERRA COTTA SOLUTIONS

SECTICN
REMVONED
& TESTED

CINTEC
SOLUTION
AS BUILT

—= [EST LOAD

FLLL SCALE TESTING

TOP VIEW

DIAGDH:&JJ’T‘}:

sHEAR
FAILURE |
CRACKS 1
IM TOP &

BOTTONM,
FACE

— TEST LOAD

TESTING DETAILS FOR NEW YORK
SCHOOLS CONSTRUCTION AUTHORITY
PS5 230 K

MERSITATILE CONSULTING & TESTING SERVICES JULY 2001
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Project Nan#€ 230 & PS 238 CORNICE STABILIZATION
Location BROQKLYN, NEW YORK MODILLION REPLACEMENT ONLY
Consultant: TAMs CONSULTANTS, INC.
Project #:

Lnginesred Groul Injeclion Anchors by:
By AZ

CINTEC AMERICA INC. e

Tel 613 223 338) Fax 613 224 9042 E~mall: rir@ointac.com :
ES | SK1 | |

Product Engineering By: JOKINEN. ENGINEERING SERVICES . | ~y49 n
ol 905 333 1079 Eex 905 333 3650 B-mail: sic jakinm{@eympatico.com DRWG#: |REV.#
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ANCHOR OFSCRIPTIONS FOR CORNICE GTABILIZATION
AND MODILLION REATTACHMENT

ANCHOR TYPE A
MODILLION REATTACHMENT

I72"® DA SOLID THREADED 89 CINTEC ANCHOR~
PFLAIN EWDE- W | 1/6" DIA HOLE APPROX

24" LoNE SOCKED FULL LENSTH. SAcK
QVERSIZED TO EXPAND INTO CELL OF NEW
Y/C UNIT '

i ANCHOR DESIGN - TRNSION

ANCHOR TYPE B
CORNICE STABILIZATION

$/4° DIA SOLID THREADED S3 CINTEC ANCHOR-
PLAIN ENDS -IN 2° DIA HOLE APPROX 30" LONG
SOCKED FULL LENGTH. SOCK DVERS4ZED

TO EXFAND INTO VOID AT FRONT

QF EKIETING T/C UNIT,

ALTERNATE DESIGN - EXTEND ANCHOR TO

INSIDE PACE OF PARAPET AND PROVIDE
35S NUT. WASHER AND BEARING FLARTE

AHCHOR DESIGN - COMBINED PULL-OUT AND SHEAR

OPTION 2
Project Name p§ 230 & PS238 CORBELLED DESIGN
Location BROOKLYN NEW YORK (LESS CONSERVATIVE)

Engineered Grout Injection Amkana. by: Project #:
By: AZ ]

CINTEC AMERICA INC. Y

Tal 513228 3381 P 413224 5042 H-mall' rir@einien sam ;
Product Engineering By: JOKINEN ENGINEERING SERVICES . » ] SKIB] 0
el 909 333 1079 Fax 008 333 3650 S-anaik aric jekinen@ympatioo.com DRWG #: |REV. #
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Versatile Consulting and Testing Services, Inc.

ANCHORS TESTING PROGRAM
Project: PS 230K

Prepared for Hill International, Inc.

JUNE 2001
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THE CEMENTITIOUS INJECTED GROUT ANCHORS TESTING PROGRAM.

|, Roman Sorokko, P.E., being duly sworn say. | am & Professional Engineer, (Lic. #
072800) assigned by Hill Intamational, Inc. to conduct the anchor testing for the Project
E3000C,

| have read all provisions gf the Buliding Code of the City of New York, and the Project
Specifications, and | am thoroughly tamiliar with the plans, and standards referred to
herein, and | am thoroughly familiar with al responsiblities for the inspection of the
subject item.

As per NYC DDC request, and as directed by Hill International, Inc. we
performed the pull out test of the steel anchors fabricated by Cintec America IncC.
The purpose of the test is to verify the anchors’ design parameters as per ltem
04525 — Terra Cotta Restoration and Repair, Paragraph 2.2 Anchors.

& Equipment

20 fons hydraulic jack with center hole cylinder, gage 1000 psi, hydraulic hand
pump, loading vaive.

3. Procedure

One June 18, 2001 the anchors Type A and Type B were installed by the
representatives of Cintec America (nc. This installation, was also a part of the
Contractor's training program. Two Type A anchors (1 12° in diameter) designated
for the testing were placed into the pies of terra cotta which was previously
ramoved from the building. One designated for testing Type B anchor 1.5" x 1.5
x 1/8" HSS shape was installed into the parapef wall.

4. Test Resuits
TEST No. 1
Type A anchors were tested under two different schemes. During the first setting

the jack was placed directly on top of the terra cotta’s masonry filler (see Photo
No. 1 and Sketch below). Therefore, the forces developed by the hydraulic jack

©CINTEC
130
E.O.E
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were transformed into the anchor's expanded part through the brick masonry
filler. Hence, the terra cotta, as well as the joints between the terra cotta and the
filer were not stressed.

FiLLep

7
JACK B NN T

—

i 1 '
i«
et .
ANCHOE /a?‘"”‘t |

TERRA cotTA

Under this format the Type A anchor was loaded up to 4,890 lbs or 2.3 tons
(equivalent of 1,000 psl reading). The load was gradually applied in steps of 100
ps! incremsnt.

The tested anchor sustained the maximum load of 4,680 ibs or 2.3 tons
during 15 minutes.

TEST No. 2

During the second test the same (previously tested) Type A anchor was loaded
in such way that the terra colta was under the compression stress from the
hydraulic jack. Therefore, the pull out forces were developed along the joint
between the terra cotta and the masonry filler (see Photos No. 2 and 3 and

Sketch bslow).
¥ A T o ol T e B T el
FALLER T
nl
L E —‘
ACHo /
JACL ,
R M L
TELRA COTTA
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The anchor was gradually loaded up to 2,680 or 1.3 tons which equivalent
to 550 psi reading. At this point the joint between the terra cofia and the
masonry filler failed (see Photos No 4, 5, 6 and 7).

TEST No. 3.

The sscond Type A anchor was loaded similar to the TEST No. 2 - pull out
forcas were applied to the joint between the terra cotta and the masonry filler.

The joint failed under the joad of 3,987 lbs or 2.0 tons (eq uivalent to 850 psi
reading).

TEST No. 4

The anchor Type B (installed into the brick masonry parapet wall and partly
inserted into the terra cotta) was tested under the gimilar setting to the TEST No.
2 and 3 as shown on Sketch below.

For the testing purposs the stesl bolt, %" in diameter, wag welded to the anchor's
cover plate.

PALAPET —— ]

; |

BoLT /m‘_ —

3ACK/ / I -
chwop_/ \

=

Fiiier

TELRLA COTTA

The anchor was gradually loaded up to 2,814 Ibs or 1.4 tons (equivalent to
800 psi reading). The anchor hag sustained this load for 1§ minutes.

132
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5. Conclusion

Therefore, the results of the performed testing program can summarized &s
follows:

cho e A

4. Pull out forces acting between the anchor and the terra cotta’s
masonry filler = the system sustained the load of 4,690 Ibs or 2.3

tons.

2. Pull out forces acting along the joint between the terra cotta and the
filler = The system falled under the load of 2,580 or 1.3 tons and
3,987 Ibs or 2.0 tons (average 3,284 Ibs or 1.64 tons)

Anchor Type B

Pull out forces acting along the anchor and the masonry parapet wall
- the aystem sustained the load of 2,844 Ibs or 1.4 tons.

| certify that | have carefully performed thie test to the best of my knowiedge, and | have
accurately reported all the obtained results.

©CINTEC
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A CONSERVATION STUDY OF

A Terra-Cotta Building
Circa 1917-1918

By: Professor Martin E. Weaver, AA Dipl
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A Study of a Terra-Cotta Building
By Professor Martin E. Weaver, AADipl

INTRODUCTION

This Terra-Cotta Building was built 1917-18 as the Norlite Building and was designed by Richards and Abra
with C.P. Meredith.

From an examination of copies of some of the original drawings for the building, it was apparent that the
building was constructed with a reinforced concrete frame and floors; and was clad on its North with off-
white glazed terra-cotta cladding. The terra-cotta cladding was returned round the East and West fagade for
one bay, and small, terra-cotta clad towers were formed one and a half storey’s high above the main parapet
wall at the North West and North East corners. These two small towers were designed to be capped by
copper-clad domes; and the parapet was decorated with two free-standing terra-cotta urns on bases or
acroteria. Both the domes and the urns have disappeared.

The first studies on the Building commenced when Martin Weaver was commissioned to
carry out a brief examination of the North or main terra-cotta facade in November 1993.

Martin Weaver had initially been requested to advise on the repair of the terra-cotta cladding on one of the
piers at the 7" and 8" storey’s (Bay 4 numbering from the East) and to make a proposal for further studies if
these should be found necessary, In the course of the initial study Martin Weaver found that parts of the
terra-cotta cornices on the East and West towers were in a dangerous state and in need of immediate
stabilization. The risk of injury to pedestrians on the sidewalks beneath was in fact so serious that barriers
need to be erected immediately. These observations were forwarded directly to the client.

The terra-cotta work was found to be generally cracked in a number of places and bowed and cracked away
from the main structure in others. Mortar, stucco and other repairs were also showing signs of failure,

THE CONDITION SURVEY

Martin Weaver was thus commissioned to make the study, and the condition survey was carried out from a
personnel basket suspended at the end of the cable from the jib of 110 ton mobile crane. The survey was
carried out in very poor weather with snow and extremely cold windy conditions in December 1993, The
temperature with the wind-chill factor was often lower than -25°C.

Parts of the structure were obscured by snow and thus could not be surveyed. Every part of the exposed
external surface of the terra-cotta work was examined closely and loose and dangerous fragments were
remaoved from the building wherever possible.

As a result of the writers’ immediate observations a second emergency report and recommendations were
issued. The object of these recommended works was to remave risk of injury to the public which might be
caused by falling fragments of terra-cotta.

©CINTEC 135 E.O.E
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A Study of a Terra-Cotta Building
By Professor Martin E. Weaver, AADipl

OBSERVATIONS

The problems of the terra-cotta cladding of the Building are typical of such structures and materials of the
period of the golden era of architectural terra-cotta from the early 1900’s to the 1920's.

It may be helpful to list the major deterioration categories which were present in this case:

u |8

©CINTEC

Over a long period of time a combination of initial shrinkage and long term “frame-shortening”
of the reinforced concrete frame of the building has tended to transfer loads onto the relatively
thin terra-cotta cladding. The terra-cotta units have thin brittle walls and fail in compression,
usually cracking horizontally at their mid-points, or suffering from spalls at their loaded upper
edges and sometimes lower edges (see for example areas W7-8); the sides of the terra-cotta
units usually tend to have a slight recess immediately behind the outer edge, the resulting
projections over and under the bed joints then tend to receive the concentrated loads; units in
cladding which is loaded in this way may also buckle outwards and may cause extremely
dangerous conditions to develop if the anchors are corroded; or are insufficiently numerous or if
they break out of the brittle terra-cotta. This might also be a part of the problem with the
cornices on the East and West Towers.

Leakage of water into the wall, usually from open joints in skyward-facing surfaces, can lead to
freezing water within the wall and to the terra-cotta units being forced off the walls; or the
water can cause corrosion in hidden steel anchors and rods which were used to tie the cladding
back top and the back-up brickwork or to the concrete of the frame, columns or edge beams; in
which cases the damage was probably also the main cause of the failure of the cornices on the
East and West Towers.

Localized spalling and exfoliation of glaze/slip coats caused by water being trapped in the terra-
cotta body behind the latter;

Surface cracquleure on some blocks where “lack of fit” or differences in thermal expansion
coefficients cause the body to shrink or expand more, and more quickly than the glaze/slip
combination;

Extensive failures of joints; failures of ineffective repairs to jointing and pointing and failures of
repairs to previously damaged terra-cotta have all contributed substantially to the entry of water
behind the terra-cotta cladding where it can freeze or cause corrosion in hidden steel anchors;

Extensive failures of cementitious repairs where original balconies or terra-cotta and ironwork
have been removed (8" storey North facade) have contributed to the entry of water with the
results noted in the above case; there was also a failure to remove all of the associated with the
balconies and this has led to continuing corrosion causing expansion, cracking of the terra-cotta
and renders, and extensive rust staining.
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A Study of a Terra-Cotta Building
By Professor Martin E, Weaver, AADipl

REMEDIAL ACTION AND RESTORATION MEASURES

The tops of the two towers should be carefully dismantled after first recording them and numbering all the

terra-cotta units. The terra-cotta work should be dismantled at least to the level of the base of the cornices
as indicated on the drawings. After the security of the masonry has been established and a sound level has

been reached, the terra-cotta and the brick back-up masonry can be rebuilt.

All corroded steel anchors, cramps, ties and other terra-cotta cladding-attachment devices must be carefully
removed and replaced with appropriately designed replacements in stainless steel (AISI Type 304).

All shattered and irreparable terra-cotta units should be replaced using new units of fine-faced pre-cast
concrete or fiber reinforced plastic carefully fabricated to match original dimensions and surface finishes
including fine ribbing or “tooling”. It would probably not be practical to obtain the small number of
replacement units required, using actual matching terra-cotta. Delivery times for terra-cotta would normally
be a major problem,

The entire terra-cotta cladding must be tied back to the back-up masonry in such a way that the load of the
cladding is transferred back onto the reinforced concrete edge beams an the floor slabs. This tying back
should be effected by the use of specifically designed Cintec grout injection anchors, which are the only type
that can effectively be used in this case.

Once the cladding had been tied back and effectively stabilized, all the mortar joints in the terra-cotta work
should be carefully cut out and the caulking or sealants removed. This work of mortar removal must be
carried out with great care using small diameter diamond saws (120mm diameter) and specially designed
diamond impregnated router bits. Both should be used with pneumatically powered tools with attached dust
extraction intakes, Special care should be taken to ensure that the terra-cotta blocks are not damaged by
over-cutting or “Straightening” of bed joints or by over-cutting or “nicking” at the top and bottom of vertical
joints.

Replace all jointing and bedding mortar with a mortar mix of 1;1;6 p.b.v. (non staining white Portland
cement) hydrated lime sand with 16% entrained air obtained by thoroughly machine mixing for
approximately 8-10 minutes.

The purpose of the entrained air is to confer and freeze/thaw cycle resistance.

One bed joint at each storey immediately at or below the floor slab should not be pointed with mortar but
should be pointed with a high guality dymeric or similar caulking compound or sealant, to produce a soft
compressible joint, thus preventing compression of the panels of cladding between floor slabs.
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A Study of a Terra-Cotta Building
By Professor Martin E. Weaver, AADipl

Prior to any cleaning of the masonry, all corroding steel and ironwork, balt stubs, and redundant electrical
conduits, junction boxes and brackets should be removed from the Masonry and the holes made good to
match surrounding material, Embedded bolts and fragments of bars or rails should be drilled out using a
diamond-tipped coring bit of slightly larger diameter. The resulting hole should be plugged with a limestone
core in limestone and with a Jahn Terra-Cotta Restoration Mortar in the terra-cotta. The latter shall be
carefully matched to the original color and texture of the terra-cotta. Spalls in the terra-cotta and areas of
failing cementious repairs in the terra-cotta should be carefully cut out as necessary and should also be
repaired with matching Jahn Terra-Cotta Restoration Mortar.

Slight losses of the glaze/slip coating should be repaired after cleaning of the terra-cotta, by the application
of a tinted breathable masonry coating carefully selected to be color matched to the original terra-cotta — ie,
a light cream-stone color, The known appropriate coats are:

Conservare BMC, ProSoCo, Kansas City, Kansas US
Keim Granital, Keim gmbh, Germany
Minasil Mineralfarben, MCS Chemie, Salzburg, Austria

Field testing and research of the selected manufacturer’s literature would be required to determine if the
above coatings could be applied over the Jan Mortar repairs.

Following a carefully organized test program, the rust stained and soiled terra-cotta should be cleaned. The
limestone cornice of the 2™ storey should also be repaired and cleaned.

Spall damage should be repaired by careful cutting out and the insertion of matching Indiana Limestone
Dutchmen. Cleaning of the limestone should be by means of nebulous spray washing and limited use of
neutral, non-ionic detergents such as Triton X100. Following appropriate testing and the establishment of
successful techniques, rust staining may be removed using Ferric Stain Removing Poultices from ProSoCo.

BRICK FACADES

The east, west and south facades, except for the terra-cotta returns at the north end of the building, are clad
in a fired clay brick, which has been painted.

However, observation from the ground with binoculars and from the observation bucket indicated that these
walls were in no immediate danger.

Deterioration was noted at shelf angles at a number of locations, particularly near the top of the building.
This appears to be typical damage caused by the expansion of products of corrosion of the shelf angles.
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CONSERVING A 77
TERRA-COTTA CORNICE

A treatment report by Conservation Solutions, Inc., on a terra-cotta cornice adorning the Capitol Building
in San Juan, Puerto Rico, shows the potentially catastrophic ellects of corrosion in a
marine environment, and offers some innovative solutions to the problem.

by |n;..r|~h. Sembrat, Headl Congeriabor dud

Pregideal of Comserrabionn Solnlions, Tne

ongervahon Solotions, Inc.. was contracted h!. (11703
1 government of Puerto Rico 1o assist Pablo

Chanaories of OPO & Associabes in the investigation
af the main erm-ootia cormice al the base of the dome of
San Juan's Capitol Building

C5l subcontracted the services of Martin Weaver

resident of Martin Weaver and Associates Intérmational
Conservation Consultants (MWAICCH, swhi perion miesed
investigative wark amnd |1.'.rr|.1l |‘|I\.1'\-'|-|.'I'I1I\|!. o a bl sece
et of thae carnice, This was done in ordier to previil e
collapse of this section of the Cormice, determine e cause
wl mature of the fadlure, betber understand the materials
anad lechndguies wsad bnoals constrection, and provide the
architect veath varwus doesagn sl
ncw with the writing of specifications
Capitol Building of Pugrta Beo was inaugurated on
Febvruary 18, 192%, as the seat of the Legislative Banch of
the Muerio Bican Govermmant. A vast marble staircasy
fa A anad ¢
foy the 2outh. Eight ©ormila

1dbizs, arl
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vins i gty loe

wakn entrances and seven imposing d
s iterior at e north and sewithe A8 fhe center of the
structure there s a rotunda which extends upwarnds 1o the
three floors of the bullding, and in e center of the first
Hloar there 1= a display case which has the ariginal
Canstituiivn of Puerto Rico permamently on display. The
conrmboe adorms e base of the doae weluch rises at the oen
P ol e l.~|_|4:|_1||'|:_; LIy AT -\.\'I:.I-h"'l'1'..1| dram

T Iu.-lp waiderstamd the co Esth thie lerra-<otla
anchiwing svstom and Htw soncrete substructorne that sap
pearrls it anad b assisd thae choents an e portico-nestoration
project, C51 conducted an oa-site investigation of the
terrascolta comice and conereie substoucture from séaf-
fdding. C51 andd Martin Weaver performed wiritten and
photopraphic documentation of the work and provided
feled adranwbngs 1o OPC) & Associales

= adcess 1o . .
nesjir et iy, ha

Ioe: vt Thi
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il ¥
i L R e
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Conservation Solutions, in collaboration with the project architect and conservation consultant Martin
Weaver, designed these two new anchori ng svstems for the cornice. The design [or the dismantled section
(above) uses AIS] Type 316, non-corrading stainless-stee! rods in a grout-injection anchor system by

3 all injection tubes are positioned in the joints between the terra-cotta units for inflation
with grout after assembly. The stabilizing anchars (helow) are designed 10 be installed in-sita by means of
a dillerent type of CINTEC grout-injection system, also ing AISI Type 316 stainless-steel rods.

As the careful cutting away coREVh2:NOMR0201ice's
upper level, we found that the cornice was backed-up by a
mass of “clinker concrete” or “cindercrete " This material is
based on an aggregate of furnace ash and large fragments of
chnker. Its use has been suspended for many years because
the large quantities of sulfur compounds present in the ash
and clinker have been found to cause severe corrosion of adja-
cenl steel in the presence of moisture.

After removal of the cindercrete from the adjacent area, the
cutting-out proceeded and it was noted that the movement pf
the terra cotta was beginning to accelerate. The terra-colta
mass al the corner — probably weighing in excess of 500 lbs.
— was pulling away from the main mass of the cornice by
aclive diagonal cracks propagating down on either side of the
corner. The unstable mass was immediatelyv secured by ropes
ﬂnd lE'ﬂTPi"TaI'\" Sllpp()[tﬂv ﬂl'ld was E'—”.L‘l’"“.\. cut a}“arl and
remived.

Water had penetrated down into the cornice, and all its steel
structural supports and anchors had been totally destroved
by corrosion. The total failure of the structural-support steel
and anchor system had led to the structural failure of the can-
tilevered, and now unreinforced. terra—cotta cornice. The only
reason that it had not collapsed was a combination of the
cohesive and frictional effects of the mortar and brick frag-
ments used as back-up to the hollow terra-cotta units

Muisture had entered via open joints and eracks and, to a
lesser extent, through leaks m the roof above and behind the
cornice. The reason for the extreme corrosion of the steel was a
combination of chlorides from sea spray and the sulfuric aad
formed when saline moisture saturated and then passed
through the contaminated cindercrete. The corrosion had
been so severe that it was no longer possible to establish the
exact dimensions of any of the former steel elements. Some
had disappeared totally, leaving only rusty stains in the terra-
cotta work.

It should be noted that any corrosion of embedded steel is
associated with massive expansion of the corrosion products:
In the case of the Capitol Building, this expansion had result-
ed, and will continue to result, in the shattering of the imme-

diately adjacent terra cotta: Thus, all stabilization, conserva-
| tion, and restoration waork must involve the removal of all cor-
roding steel and /or the prevention of any further corrosion
and associated expansive cffects. All new steelwork must be

OREE PO
Sctide s T AlSI Type 216 stainless steel, which is non-corroding in the
"R | chloride-rich maritime environment present here. AlSI Tvpe
] | 304 stainless steel is attacked by chlorides and cannot be used
L here under any circumstances because it will corrode.
R _/-Cé = [ On the basis of our observations, we concluded that in any
- ‘2 :Ll ¢ Q‘j‘.m and all locations where the terra-colla Fomiccs show evidence
s Rt I - i of cracking and movement, with open joints and possibly rust
iy "“\( et o staining on the lower surfaces, then this terra-cotta work has
Lo sl ,-—/ Pl L7 T 3P oy had all, or most, of its structural-support steel and anchoring
- N G LLaEN ) — system so severely corroded that it is either totally gone or is
—n = . 5 =7 VeATHEE couRr TERALCTTE) 2 e}
¥ N 1= = so seriously deteriorated that the whole cornice, or parts
A e, oy 2 L thereof, are liable to become dangerous and could collapse
e . q FERT R suddenly and without further evidence of failure.
ETHT—.—' o x| I il (5% BT DAY The extreme nature of the deterioration process was such
& & 3 = .’ that it will inevitably lead to camsquphm failure, with col-
54 mJ - lapse of the terra cotta onto, and possibly through, the open-
o Hns ] Ll % 3oy 8" o ings in the roof below. Accordingly, we recommended that all
— Basess il cracked and deformed areas of the cornice should be carefully
. dismantled as soon as possible. Shattered terra-cotta units
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| should be replaced with high-quality matching new units
from a well-established terra-cotta manufacturer such as
Gladding, McBean of California. This firm has been in contin-
uous practice since before the erection of the Capitol and is
known for the high quality of its architectural terra cotta

The dismantled corners should be rebuilt using AISI Type
316. non-corroding stainless-steel rods in a grout-injection
anchor system by CINTEC, specially designed with small

Most importantly, we disassembled approximately 6 feel of the cornice to
reveal its construction and its anchoring system. We also exposed a portion
of the parapet decking to determine the condition of the underlying con-
crete substructure. In collaboration with the architect and Martin Weaver, a
new anchoring system was designed. We also worked with the noted terra-
cotta manufacturer, Gladding, McBean, to determine which sections of lerra
cotta would need 1o be replicated.

Finally, after our investigative work was done, CSl made the opening in
the cornice watertight

Following observation of severe cracking and movement at the corners of
the main terra-cotta cornice of the octagonal lower drum of the dome, it was
jointly decided to erect scaffolding and to carefully make an exploratory
opening into the'terra-cotta work.

The purposes of this intervention were to establish if the cracking and
movemenl were evidence of a dangerous situation, to establish the types,
locations, and conditions of the hidden steel support structure and anchors,
and to establish the type, location, and condition of the reinforced concrete
sub-structure.

We selected the southeast corner of the octagonal lower drum, apparently
the area of the cornice with the worst conditions, as the hest site for our
imvestigations. Pablo Quinones and Martin Weaver had noted what
appeared to be evidence of severe damage in this same area in 1998,

80 ® MAY/|UNE 20M
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injection tubes positioned in the joints between the terra-cotia
units for inflation with grout after assembly

Undamaged areas of terra cotta may be stabilized in-situ by means pf a
different type of CINTEC grout-injection anchar system, also using AISI
Tvpe 316 slainless-steel rods. It will be necessary to open up a series of areas
in the terra-cotta work at random locations to delermine if. in fact, the
apparently undamaged lerra cotta can be safely stabilized in this way

Once the water has been prevented from getting into the top of the cor-
nices and other details. and the C EC in-situ stabalization system has
been applied in diamond-tipped core-drilled holes, the crucial factor then
will be whether any existing embedded steel can be left in-situ. All in-situ
stabilization work must involve dry-drilling with advanced air-cooled
drilling equipment. Under no circumstances can water-cooled drilling svs-
tems be used because of the danger of the water causing further deleriora-
Hon.

It was recommended {hat a complete condition survey of all the terra-cotta
work should be carnied out as soon as possible to locate any other danger-
ous areas which may already exist. B
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ENHANCED FIXING TECHNOLOGY FOR
TERRA-COTTA AND HOLLOW MASONRY UNITS

NOUVELLE TECHNOLOGIE D’'ATTACHEMENT POUR TERRE CUITE
ET ELEMENTS CREUX DE MACONNERIE

NUEVA TECNOLOGIA DE FIJACION DE CERAMICA Y UNIDADES
DE MAMPOSTERIA EN HUECO




DESIGNED ANCHOR SYSTEMS
SYSTEME D’ANCRAGES ETUDIES
SISTEMAS DE ANCLAS DE DISENO

THE CINTEC ANCHOR IS INSERTED INTO A
PREDRILLED HOLE.

L’ANCRE CINTEC EST INSEREE DANS UN TROU PRE-
PERFORE.

EL ANCLA CINTEC ES INTRODUCIDA EN EL ORIFICIO
TALADRADO.

THE INJECTION EQUIPMENT IS ATTACHED TO
THE ANCHOR AND INFLATION COMMENCES
UNDER A PRESSURE OF 42 P.S.1.

LE SYSTEME
D’INJECTION EST
ATTACHE A L’ANCRE
ET LE GONFLAGE
COMMENCE SOUS
UNE PRESSION DE
42 P.S.I.

EL EQUIPO DE INYECCION ES FIJADO AL ANCLA Y
COMIENZA A INFLARSE A UNA PRESION DE 42 P.S.1.

GROUT IS PUMPED INTO THE HOLLOW STEEL
SECTION WHICH FLOWS INTO THE SOCKED
AREA VIA A NUMBER OF FLOODED HOLES.

LE MORTIER EST POMPE DANS LE TUBE D’ACIER ET
S/INFILTRE DANS LA GAINE PAR DE NONBREUSES
OUVERTURES D'ECOULEMENT.

EL CEMENTO ES BOMBEADO EN LA SEQCI@N HUECA
DE ACERO PARA POSTERIORMENTE FLUIR A TRAVERS
DE NUMEROSOS AGUJEROS HACIA EL FORRO.




AS THE ANCHOR FILLS, GROUT MILK FLOWS THROUGH THE SOCK CREATING A m
CHEMICAL BOND BETWEEN ANCHOR AND SUBSTRATE.

EN REMPLISSANT L’ANCRE, LA LAITANCE DU MORTIER PENETRE LA GAINE ET FORME UNE LIAISON CHIMIQUE
ENTRE L’ANCRE ET LE MATERIAU SUPPORT.

CUANDO EL ANCLA SE LLENA, LA LECHE DE CEMENTO PENETRA EL FORRO Y FORMA ASI UNA REACCION
QUIMICA ENTRE EL ANCLA Y EL SUBSTRATO.

AFTER APPROXIMATELY 15 SECONDS THE ANCHOR IS TOTALLY INFLATED WITH A MICRO FINE
CONCRETE GROUT GIVING A MECHANICAL FIXING. IN ADDITION, THE GROUT MILK HAS PASSED
THROUGH THE SOCK FORMING A CHEMICAL BOND TO THE SUBSTRATE.

APPROXIMATIVEMENT 15 SECONDES PLUS TARD, L’ANCRE EST TOTALEMENT REMPLI AVEC DU MORTIER A
BETON MICRO FIN QUI PRODUIT UN ATTACHEMENT MECANIQUE.

APPROXIMADAMENTE 15 SEGUNDOS MAS TARDE EL ANCLA SE LLENA TOTALMENTE DE CONCRETO MICROFINO
PRODUCIENDOSE UNA FIJACION MECANICA.

DOUBLE FIXING CAPACITY.
LA CAPACITE D'ANCRAGE EST DOUBLEE.
DOBLE CAPACIDAD DE FIJACION!!!

IN TESTS CARRIED OUT BY LES ESSAIS EFFECTUES PAR UN EN ENSAYOS LLEVADOS A CABO
AN INDEPENDENT LABORATQIRE INDEPENDENT POR LABORATORIOS

SUR UN BATIMENT DE MATERIAU INDEPENDIENTES EN UN
LABCHATORTONA SIMILAIRE ONT REVELE DES EDIFICIO DE MATERIALES
BUILDING OF SIMILAR RESULTATS DEPASSANT 1300 KG SIMILARES SE CONSIGUIO UNA
MATERIAL, AXIAL PULL SUR LA TENSION AXIALE. PRESION AXIAL DE MAS DE 3000
RESULTS IN EXCESS OF 3000 LBS.

LBS. WERE ACHIEVED.

TEST RESULTS AVAILABLE ON REQUEST — RESULTATS DISPONIBLES SUR DEMANDE — LOS RESULTADOS A SU DISPOSICION, MEDIANTE SOLICITUDE.
'




INTERNATIONAL PROJECTS [KIZH
PROJETS INTERNATIONAUX
PROYECTOS INTERNACIONALES

THIS DESIGNED ANCHOR SYSTEM WAS USED IN THE ESSEX COUNTY NEW COURT HOUSE & JAIL
NEWARK, NEW JERSEY, USA. FOR FURTHER INFORMATION CONTACT OUR TECHNICAL
DEPARTMENT.

CE SYSTEME D’ANCRAGES ETUDIES A ETE UTILISE AU NOUVEAU PALAIS DE JUSTICE ET PRISON DU CONTE
D’ESSEX, NEWARK, NEW JERSEY -E.U.. POUR TOUS RENSEIGNEMENTS SUPPLEMENTAIRES, CONTACTER NOTRE
DEPARTEMENT TECHNIQUE.

ESTE SISTEMA DE ANCLAS DE DISENO FUE UTILIZADO EN EL PALACIO DE JUSTICIA DE NEW JERSEY.

PARA MAS INFORMACION, CONTACTAR CON NEUSTRO DEPARTAMENTO TECNICO.

CINTEC

REINFORCEMENT SYSTEMS

United States Canada United Kingdom

Cintec America Inc. Cintec Reinforcement Systems Cintec International Ltd.

200 International Circle, Suite 5100, 38 Auriga Drive, Suite 200 Cintec House

Hunt Valley, Maryland Nepean, Ontario, Canada 11 Gold Tops

21030, USA K2E 8A5 South Wales, UK

Tel: 1 410 761-0765 Tel: (1) 613 225-3381 Newport NP204PH
Fax:(1) 613 224-9042 Tel: +44 (0) 1633 246614
E-mail: solutions@cintec.com Fax:+44 (0) 1633 246110

E-mail: solutions@cintec.com E-mail: hgcintec@cintec.co.uk

———
www.cintec.com .
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The following [pages 147- 227 ] original drawings have
been left without notations for use by others
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Introduction |

The present volume is a revision of Architectural Terra Cotta—Standard Construclion,
originally published in 1914,

Like the previous issue, this edition coes not presume to suggest architectural design. It
shows illustrative architectural forms of assumed proportions, and their proper coustructional
features. It shows the correct use of Terra Cotta. For a number of examples several good
solutions of the structural problems are possible. Variations in size of similar sections sometinies
necessitate radical changes in both jointing and construction.

The changes made in this revision are the result of a more extended experience in manufac-
turing and in modern building methods, and are based on a carelul study of the hehavior and
weathering properties of exterior building materials.

The following are the most important of the structural principles upon which this revision
has been developed:

Shelf In concrele or steel frame buildings, the venser or facing malterial shonld be fully and ¢ontinuousty
Supporls  supported, al each {loor level on shelf supports, of adequale strength and sliflness, rigidly connecled
to the slruclural frame. Steel shelf angles or supports, in all cases, shonld be localed in mortar

joints. The strength of the Terra Cotta should not be unnecessarily reduced by culting the webs
to receive Lhe steel,

Expansion  Proper provision shauld he made for expansion joints, at shelf supports, over column caps, ete., Lo
Joinfs prevent Lhe development of disruplive slresses cansed by deflection, wind pressure, lemperalure
changes, selllement and like forces. ’

Terra Colla The volume chianges incident Lo the setting and hacdening of concrelr, and the variativns in volme
on Congerele  of concrele due Lo humidily and Lemperaluve conditions, require provisions to allow free movement

Frames of the supporling frame and make il undesirable (o completely fill a facing applied to a concrete
structure.

Profeclion Proper care should be exercised to prevent the corrosion of all steel supports, ties, ete. Where
againgz such protection camot be permanently secured through encasement with morlar or concrete, or
Corrosion.  1brougl Lhe use of corrosion resislanl melallic coatings, non-corrasive melals should be croployed.

Free- 1ixposed free-standing construction, subject (o the absorplion of waler through morlar joints and

slanding liable to injury from subsequenl [reezing, or Lhe expansion of improper filling malerial, should gen-

Constriclion  evally be left unfilled and should be ventilated by means of small, inconspicuously placed weep-holes
(indicaled by W. IL on the plales).

Flashing  Properly consiructed flashing should be provided to cover the top of lacge projecting horizontal
and Drips  courses, the Jiacks and tops of parapel walls, wide-exposed sill courses, ele., and all projeeling lea-
Lures should have drips.

NATIONAL TERRA COTTA SOCIETY:V.3:A -INTRODVCTION
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Drawings

Models
and Moulds

Decoralion

Clay

Pressing

Color

Firing

Filling

Shipping

Kreclion

Time

Specifica-
{ion and
Conlracl

Terra Cotila

A brief synopsis of the manufaclure of Terra Colla

The archilecl's complele seale drawings and slesl framing plans are furnished the manwfacturer,
who, following the design, makes scale shop drawings showing the juinling and construclion, and
full size details to Lhe proper shrinkage dimensions. .'I'licse drawings are submitted Lo the acehitecl
for approval before procceding with the work.

Tull size models to shrinkage scale are made of plaster for cach different shape shown on Lhe shap
drawings. Over these 1no(§cls secljonal moulds of plaster are cast, {rom which laler Lhe required
number of picces of Terra Colla are praduced.

From the architect’s drawings or sketehes, in the slyle aud period indicated, modelled ornament is
applied in clay Lo Lho face of e plaster models.  Pholographs of the ornamental models are suli-
milted Lo the acehiteel for approval or lie may personally examine Lhese models al the factery—
the sofl clay permils of such corrections or improvementis which may be desired.

The imixture of clays and fusible minerals used in forming the Terra Colla is carefully selecled and
propurlioned Lo give the desired degree of plasticily and a composition which, when fired at high
ll,en:lperaturcs, will produce a homogencous body, amply slrong to carry the required struclural
oads.

The foregoing processes are preparalory Lo actoal production, the (irst step of which is pressing.
This is a manual operation and consisls of pressing the plaslic clay into the moukd.  The walls of
the picees should not he less than one inch thick, following Lhe conlour of the mould, and the
parlilions should he of such thickness and so spaced as to pexform their proper funclions with regard
Lo form and structure. The pressed picce vemains in the mould until the elay stilfens. It is Lhen
removed {rom the mould and is skillfully relouched. Then it is placed in driers, where Lhe moisture
is evaporaled.

Wrom Lhe drying prucess, the Terra Colla passes inlo the spraying depachinenl where, by niweans of
compressed air apparatus, Lhe exposed surfaces ave eoaled wilh Lhe ceramic mixtuce which, during
the firing process following, develaps into Lhe desired color or glaze.

I'hese colors or glazes are prepared wilh scrupulous care, according Lo exacl ceramic Turmulac.

The variely of shades and Lextures which may be oblained opens up an unlimiled field of permanent
color design in avcliteclure.
Following Lhe coloring process, Lhc Terra Cotla is fired in kilns where it is subjected Lo a Eemperature
rising gradually 1o 2,000 degrees Fahvenheit or more, depending upon the Lemperature of malurily
of the clay and glaze.  Alter proper fiving, the kiln is alluwed to cool slowly Lo normal temperature,
an operation that causes a slow annealing of the Terra Colla.

Terra Cotla is usually fired in periodic mullle kilns. Jn recent years, the tunnel kiln has been

doveloped for the firing of Terra Cotta. In the Jalter type of kila the Terra Colta is sel or
loaded on cars, which travel through a long heated Lunvel.
From the kiln, the Terra Colla is removed to the fitting department, where it 1s laid out and marked
to correspond with the piece numbers shown on the shop drawings. 1l is also marked Lo indicats
the position it is to occupy in the building. Where required, the joinls ave squared, or cul (o
proper alignment and size, cither hy hand or grinding.  Caveful fitling is essenlial Lo assurc salis-
factory results in the erccled Terva Colla.

For rail transportalion, Terra Cotta is usually shipped in bulk, sceurely packed in hay and braced
to prevent shifting. :

Upon arrival at the building siLe, the hay should be remuved and the Terra Colla placed in the
order marked, in piles on wooden slrips.

For export by vessel, Lhe Terra-Colla is usually packed in boxes or erales, according Lo the special
conditions encounlered.  Another method thab has been found Lo be economiical and entively satis-
factory is Lo ship the Terra Colta lnosce afler it has hern wrapped and lied in corrugaled cardboard.
The appearance of erected T'erra Colla is greatly affected by inaccorate setling and defective poinl-
ing of Lhe morlar joinls. As the individual pieces of Terra Colta have been carefully fitled and
numbered to correspond with the erection drawings, the PIECES BUST BE ERECTED IN
ACCORD WITH THE NUDMBERS THEREON if satisfactory results are to be secured.

The Terra Cotla mannfaciurer will contract to submit shop drawings for approval wilhin a fixed
Lime aller veeeipt of the architect’s drawings and olber required information.  All shipping dates
are computed from the date of receipt by the manufacturer of architect's approval of shop drawings
and complele data on color and texture desived.  Waork cannot be definitely scheduled for production
unlil all essential informalion is on hand. The process of manufacture may lake {rom six tu len
weeks, depending upan the size and archileclural characler of the ovder.

A Standard Specilication for Lthe Manufacture, Furnishing and Sctling of Terra Colla and a slandard
form of eonlract have been adopted by the NATIONAL TERRA COTTA SOCLETY. They are
recommended for goneral use. A copy of either may be secured by addressing the Socicty.  The
specificalions are incorporaled in this volume.

Perra Colla fuclorics are conveniently locnled in the Easlern, Genlral and Weslern seclions of the Uniled Stales (see list
in back of this volume). Al of the Sociely's membership will be glad fo have any archilect or desiyner inferested in the
processes of manufaclere of Terra Cotla wisil their plans.

A A
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Standard Specification

Jor the
Manufacture, Furnishing and Selling of Terra Colla

Adopted by NATIONAL TERRA COTTA SOCIETY

f

NOTE—The Archilect or Specification Writer will find it vonveuient lo follow tho Shacl Forn Specilication beginning with
Section 63.

The Sl\crlt Form incorporates all the provisions of the Standard Teren Cotta Specification, but oliminates tho necessity of menlioning
thews in detail. .

Reference lo the Glossary, Sections 50-62, will supply the surface (nish, ceramic Gnish, und color dula necessary 1o rpecify surfavo
and color correctly. . Lo . .

The Corollery Clauses, Sections 85, 86, explain the seiting oplion hetween mason and manufactorer,

Sections 87-91 under Corollary Clauses expluin the specificalions for flashing, shect metal, structural steel, struclural concrete and
rough carpentry.  These specificaligns form « pavt of the Terra Cotta Specilicntions, although Lhe mnleriala are supplied and god, in
place by different contracting partivs.

A—GENERAL INFORMATION

Droaings 1. The Terra Colla mannfacturer shall be furnished \vi[.'l} all dvawings, details and other in-
and formalion necessary for the mannfacture of Terra Colla, including drawings for all classes of

Schedules ‘work with which the Terra Cotta engages.
9, Wherever Torra Colla js required Lo malch in contour, color, finish and surface treatment,

existing Terra Cotla, as for cxample in connection with alleralions or additions to exisling
work, ihe Terra Cotla manufacturer shall he furnished with the required profiles and samples
of Lhe original work, and other needed information.

3. 'The Terra Cotla manulocturer shall, before proceeding with manufacture, submit to the
architect for his correction and approval, shop drawings showing jointing and construction of
the Terca Cotta and provision made for all flashing and counter Mashing. These drawings
must conform as nearly as practicable to the architect’s drawings, but shall he in accordance
wilh good Terra Colta structural practice.

4. All pieces of Terra Cotta shall be numbered. The Terra Cotta manufacturer shall provide
Lwo copies of the completed scale shop drawings to be used for setting and showing the piece
numbering of the Terra Cotta, and the size of the joinis to be vsed for seiting the variouns

ortions af the work clearly indicated. These drawings shall be designated as the setling |
awings.
5. The Terra Colla manufacturer shall furnish, as promptly as possible, a schedule of all

special anchors, hangers, ele., necessary to secure and support the Terra Colla in a manner
approved by the architect.

- . “

B—MATERIAL

Qualily 6. ~ Note:—In view al the rescarches now being contlucted by Lhe National Bureau of Standards
" Tesis al the instance of the National Terra Cotta Society, it seems inadvisable to attempt, at this
ime, to write either quality clauses in terms of crushing strcnﬁths, dengsities and elaslicity,
or specifications for Les(s.  Clauses dose_yiptivp of the desirable physical characteristics and of
1ests 1o prove compliance of the malerial with such physical requirements will be prepaved
as soon as the necessary data ave available and ivserled in a laler edition of Lhis slandard

specification.
HModeling 1. Al orpanient shall be arlistically modeled by the Terra Colla manufacturer’s staff
. artists. (Or, modcls made to Terra Catla shrinkaga scale will be furnished to Terra Colla

manufacturer, willlout cost to him, securely craled for shipment f. 0. b, modelers' studio at ).

8. Photograpls in duplicate of all ornament shall be submitted to the architect for his approval
or earrcclion, or, if he so desires, he may inspect all modeling at the factory. Such approval
or inspection by the architect shall be made promptly. No ornamental work shall be burned
until modeling has been approved.

Surface Finish, o, "The surface finish, ceramic finish and color of all exposed surfaces of Terra Cotta shall ba
(leramic Ifinish ns indicaled by the architect’s drawings or es specilied,  JFor surface and ceramic treatments,
and Color ses Glossary of Terms relaling to Terra Cotta, which is herehy made a parl. of Lhis specification.

10. The ceramic finish shall he applied to the Terra Cotta in such a wanuer as thoroughly to

coal the exposed surfaces.

Samples 11, The Terra Colta manufacturer shall submit samples of the color or colors of the ceramie
finish Lo Lhe architecl for his approval. and all Texrra Colla shall coulvrn withoub macked
variation to the sample or samples approved. |
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C—DESIGN AND STRUCTURE

Walls shall not be less Lhan one inch thick and partitions shall he of such thickness and so
spaced as to pevform Lheir proper functions with regard to forn and structuro. 13ach picce

- of Terra Cotta shall be provided with the necessary anchor holes and hand holes and shall hic

13.

15.

16.

17

18.

19,

20.

2].

25.

26.

21,

28.

NATIONAL TERRA COTTA SOCIETY -

so formed as properly to engage the structure. Beds genevally shall be not less than 4¥ deep.

Projecting courses, cornices and heavy ormamental detail may have washes, drips and
weep holes, where shown on the approved shop drawings.

Where so shown the washes of all projecting cornices and vther exposed horizontal surfaces

shall have provision made for flashing. Al surfaces whers the wash pitches inward toward

the structure and stops against superimposed work; all balcony floors, and all gulter grades
shall have provision made for {lashing.

Raggles shall be provided to receive gutter linings and flashings when the joints cannot
be used for the purpose. Raggles shall be not tess than 3£” deep.

All capping courses, copings and sills except of the “slip" type, shall have stouls and lugs
ab inlersections with vertical surfaces.

A1l joints shall be straight and true and of an approximate uiform width of 4. Al
Terra Cotta shall be laid out at the factory to test it for uniformity of joint widths and over-all
dimensions, Where necessary to securs accurate dimensions and uniform joint widths, the
material shall be sizcd straight and Lrue.

D-~TRANSPORTATION, STORAGE AND PROTECTION

Unless otherwise specifically agreed, all Terra Cotta shall be furnished by the manufacturer
1. o. b. cars factory, with {reight 2llowed to destination. All Terra Cotta shall be carcfully
packed in hay, straw, excclsior or other suitable material.

If any pieces of Terra Cotta are damaged in transit, the manulacturer shall be jmmediately
nolified in writing by the setting contractor and proceed with the remaking of tho picces. The
responsibility for the cost of such replacements shall be determined by the point of delivery
fixed by the contract under which the Terra Cotta is delivered. If the point of delivery is
beyond the immediate cantrol of the manufacturer, the sclling contractor shall assume responsi-
bility for the necessary proof of damage, :

E-ERECTION

The setting contractor shall receive the Terra Cotta on arrival at the freight yards and shall
transfer it without damage from the cars to the building, When the Terra Cotta manufacturer
delivers on trucks at the building the setting contractar shall unload and store the Terra Cotta.
Terra Cotta shall be stored under cover, nat in contact with the ground, stacked without
inflammable packing on wood laths or strips, go as to protect it from injury.

All Terra Colla shall be set by mechanics experienced in, the handling and sebting of Lhe
raaterial.

Nalico of errors in the mannfacture of the Terra Colta shall be given Lo the manufacturer
immediately upon discovery. Culling ov fitling due to such crrors shall be done by the Terra
Cotla manufacturer or shall be paid for by him if he fails to do the necessary cutting or fitting

promplly upon receipt of notice.

Other necessary cuttins and fitting of the Terva Cotta that may be requived at the building,
including all fitting around anchors, steel and jron work and reinforced concrete, shall be done
by the contractor for setting Terra Colta.

In Conneclion wilth Structural Sleel: Beams, channels, angles, T’s, plates and [abricated
members for supporting Terra Cotla and which are not secured to the structural steel by rivets
or short bolts, as shown on the architect's drawings, together with all anchors, hangers, bolts,

clips, straps, rods and pins for securing Terra Cotla, shall be furnished and set by the contractor
for seiting Terra Cotla.

In Connection with Structural Concrele:  The conlractor for structural concrete shall furnisfht
and set all supporting metal work imbedded in the concrete and all shielf angles and continuous
rods.  All such metal work shall conform 1o the requirements of the selling drawings prepared
by Lhe Terra Colla manufacturer.

ANl ather Joose iron such as clamps, hangers, clips, stvaps, and pins shall be furnished and
set by the Contractor for setling Terca Colta. :

All anchors, hangers, bolt,.s, clips, straps, rods and pins for securing Tevra Cotla shall be
of wrought iron or non-corroding soft steel,

Anchars, hangers, bolts, clips, straps, rods and pins for securing the Terra Colla, sxcept
where otherwise shown or specified, shall be of the following minimum sizes;
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29,

30,

31.
32.
33.
34.

3.

38.

39.
40.

41.

42.

43,

44,

45.

46.

47,

43.

>

Anchors:—(a) For ashlar or courses halanced on the wall, ehall be 14* % 24* or 1§° x 34",
or No. 6 gauge galvanized wire.

(b) For projecting courses not balanced on the wall, shall be not less than £§” round or
square bars of equel cross section.

I1angers shall be 24" diameter round hars or other shapes of equal cross section avea.
Clips and straps shall be 35" x 2,
Pins shall be }4” diameter round bars. ' '

lentinuous rods on concrete wall faces to which Terra Coatta ashlar is clipped, shall he
34" diameter round bars which shall bé secured to the masonry with 34” diameter roun: anchors
placed not more than 2’ 0" on centers.

All steel or iron supporling melal wark shall he clean and thoroughly protected with two
coats of ;:iure red lead and lingeed oil paint, asphallum applied hot, or other approved prolective
compound.

Metal work of every description, supporting Terra Cotta, shall be imbedded thoroughly in
the masonry backing and when not. so imbedded, metal wark shail be protected against corrosion
by encasing with cement mortar or in cement mortar masgonry.

When the hack of a Terra Cotta course comes in contact with iron ar structural concrete
in such manner as to prevent the encasing of supporting iron from the rear, an openingshall
be made in the top to admit of the placing of the encasing wortar as required above.

All cement used for setling mortar shall be of a standard brand of Portland cemnent fulfilling
ihe requirements both physical and chemical of the standard specifications for Portland eement
adopted by the American Society for Testing Materials.

All sand used for setting mortar shall be clean, sharp and well graded iu size.

Al morlar for setling and pointing shall be composed of cne volome of Portland cement
to three volumes of sand. IHydvated lime, not to excced 9 pounds to the sack of cement,
shall be added.

The sand and cement and lime, if eny, $hall be thoroughly mixed dry before any water is
added. The use of retempered mortar shall not be permitted.

All Terra Cotta shall be set truc to a line and carefully laid in a solid bed of mortar, All
rebates in bed and eross joints from front to back and top to botlom, shall be filled solid with
mortar leaving no voids. TFach piece of Terra Cotta shall be tamped into place, excess mortar
cut off and struck with a jointer or trowel. All sills, wall copings and other capping courses,
shall be set in a thick bed of mortar and well pounded down so that the mortar fills all spaces
around hottom of webs of Torra Cotta,

All Terra Cotta projecting courses shall be so set that the avris casting a shadow shall be
true to line. v

- 'When the Terra Colta work is of such scope or character that the proper handling and setiing
of the Terra Cotta require special skill and knowledge, the Terra Cotta manufacturer shall, il
re?]uired by the contract, furnish a competent Terra Cotta setter to assist in the sorting, sclecting
and handling of the Terra Cotta, to co-operate with the setting contractor, to assist him when
cutling or fitting of the Terra Cotta is necessavy, to advise as to interpretation of sctling
drawings and to help generally in secuxing rapid, efficient progress during the setting of the Terra
Cotta. For such service the setting contractor shall pay such setter fnll time af his regular
wage rate,. When the furnishing of such a compstent setter involves traveling expenses, the
setting contractor shall pay the same and also make an allowance for his board.

When the services of such a competent setter are not required under the contract, the Terra
Cotla mannfacturer may, at his own option and expense, send such a representative to the work
who shall paxform the above services, and the setting contractor shall co-operate with and aid
and facilitate the performance of such services by such representative.

All joints in Terra Cotia shall be pointed and struck as the setting progresses except in
freezing weather. In freezing weather and when re-pointing is necessary, all joints shall be
raked or cut out to a depth of }4* and the pointing mortar driven into the joint and struck
with a jointing tool.

All joints in overbanging Terra Cotta, balustrades, parapets and free standing features shall
have joints raked out one-half (14) inch, and pointed with an approved elastic cement.

All uncompleted walls including Terra Cotla and backing shall be protected by waterproof
covering at night and at any time when liable 1o injury from storms ot freezing. (Note:—Al
other protection required for projecting courses, jambs of openings, etc., is provided for under
the work of other trades.)
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N

Surface Finish, o

r

Shorl Form Specificalion
Jor
The Manufacture, Furnishing and Selling of Terra Colla

For Incorporation in the Architect’s Specifications

"T'o be nsed in eonneetion with Slandard Spocifications dnd the Siandord General
Condilions of the American Instituls of Architects.

63. (Note to architeet:—T1he Slandard Specifivation does nob stale who shall seb ths Terea
Colla, who shall provide wood centering, scaffolding, hoists, cover hoards and protection
(except lops of walls against weather). It does not inclndo any cement or concrele work in
connection with forming gutler grades and washes on projecting couracs and features, or Lhe
furnishing or selling of sheet metal {lashings and gulter linings. 1L does not include the furnish-
ing and ereclion of metal supporting members which are riveted or bolted with short holls Lo
the structural steel or structural concrete. It requires the archilect 1o show on his drawings
the sizes and arrangement, of rolled or fabricated siroctural shapes used for supporting Terra
Cotla. (See notes on corollary clauses at end of this specification for Lhe work of olher Lrades
to Lake care of such orsissions.)

GENERAL CONDITIONS

64, The general conditions of the American Inslitute of Avchiteets, Third Tdition, shall form a
part of this specification and conlract and all work shall be subject to the provisions thercol.

7 0

I ]II 3’ 5 65. The work included in the contrach comprises the manufacture, (and) dc]livcry‘(and soLling
necinade of all Terra Cotta in accordance with the contract drawings and these specifications.
66. All (here ingert a complete description of work) shall be of T'erra Colta,

oy /

1l 07,‘17‘ I\Oé 67, The following ilems are nob included as a part of Lhe contract {ur furnishing (and setting)
Include Terra Cotia.

(a) Masonry backing, See specifications fox (............. e ).
(b) The furnishing and erection of melal supporting members which are riveled or bolted with
short bolts to Lhe strnctural steel. See specifieations for (.. ... .cvieeiiiiiinnnins )

(¢) Cement or concretle grading fur gutters, washes, floors, cte. See specificalions for (... X

(d) TFurnishing and setling shect metal. S)ee specificalions for (. ... i ).

MATERIALS AND WORKMANSIIIP

68. All Terra Colta work nnder this conlract, except as herginafLer specified, shall be executed
in strict conformity with the Standard Specification for the Manufacture, Furnishing and Setting
of Terra Cotta, adopted by Lhe National Terra Colta Sociely; which Slandard Specificalion
is hereby declaved and made a part of this specification wilh the same force and eflect as il
wrillen herein in full.

“All Terva Cotla (Nule—If several Lexlures ov finishes are Lo be used give localion of each)

Ceramic IMinish shall b
and Color e
: 70. (1) Unglazed: .
Surface Finish of flat membeys shall be

a) Smooth. .
(b) Tooled or Drove.
(bl) Kight lines to the inch.
(b2) Six lines to the inch.
(c) Light irregular drag or combing.
(d) Heavy irregular drag or combing.

(e) Special. (Nnto:—S3peciol surfuce finighes like “bush-hammered,” “pitted,” “‘yermicu-
laled,” cle., should be deseribed.)
71. The surface finishes of mouldings and eueved sucfaces generally shall be

(Note:—_Unless olherwise specilied these surfaces are generally marle smoath.)

72. (2) Unglazed Granile Colors: Surface finishes of llal members generally shall be (a, b, ¢, d, ¢).
e surface finish of mouldings and enrved surfaces generally shall be
(Note:—Unless otherwise specified Lhese surfaces are generally made smooth.)

13. (3) Lusirous or IFull Glazed or Engmeled:  Surface finish shall be
{Note:—Unless otherwise specified these surfaces are gencrally made smooth.)

4. (4) Mal or Dull Glozed or Enameled:  Surface finish shall be (See Nole 3).
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75. (5) Luslrous or Full Glazed or Enameled Granite: Surface finish shall be (See Note 3).
16. (6) Mat or Dull Glazed Enameled Granile: Surface finish shall be (See Note 3).

7. The color of the Terra Coltla generally shall be (........... . o it ans )
ag per approved sample or samples.

78. (7) The Terra Cotta comprising (. .. .deseribed here in detail. . . .) shall be (Lwo, threr, four)
color polychrome. Colors (. .. .specily where. .. .) shall Do blended.

79. (ﬂ)]dTl;e surface finishes of (....specify where....) shall be fire gilded with {(mat or lustrous)
gold glaze.
(Note:—Sections 1, 2, 3, 4, 5, 6, arc alternates. If there is no palychrome work or no five
gilding omit sections 7 and 8. Secclions a, b, ¢, d, e, are alternates for surface finish.)

Delivery go. The Terra Cotla manufacturer shall furnish and deliver (f. 0. h. cavs factory with freight.

allowed to destinalion) (on trucks at the site of the butlding) (and sct) all Lhe Terra Cotta as
indicated on the drawings or as lhere described.

Selling  g1. All Terra Cotta shall be set by the (Terra Cotta mauufacturer), (mason....). Yor such

anchors and metal work as are to be furnished by the setting contractor see Standard Specifi-
calion.

(Note to architect:—If the Teira Cotta manufaclurer is to seb his material include the
following clause in the Terra Cotta specification. See also suggested clauses ab end of this
specificalion to take care of these omissions and for incorporation in the specifications for the
work of other trades.)

82. “Uoisting service, storage space, setting mortar delivered on the scallold, cutside and inside
scaflolds, rumways and platforms, water, temporary light and removal of refuse, shall be fur-
nished to the Terra Colla manufacturer free of charge by the (....mason conlractor. .. .).”

Terra Colla (Note to avchitect:—If the work is of such scope or cliavacter that the proper handling and
Selter selting requires special skill, the following clause may be inserted: “The Terra Cotla mann-
facturer shall furnish at the expense of the setting contractor a competent Terra Cotla settcr

to assist in the sorting, selecting, handling and setting of ths Terra Cotta.”)

Joinls  83. (The Standard Specification does not require any joints to be ruhbed. If rubbed joinls are
to be required it should be so stated here.)

84. (The Standard Specification requires all joints to Le approximately 14 wide. IFf jointe
of a diflerent width ave desired it should be so slated here.)

Suggestions for Corollary-Clauses P

[==4
(94}

L—1If the Terra Cotla is to be set by the Terra Cotla manufacturer, a clause similar in purpurt,
to the following should be included in the general requirements relating Lo masonry or
brick work:

86. “Terra Colta will be furnished and set by the Terra Cotta manulacturer. Iloisting
service, slorage space, selting morlar delivered on the scaffold, outside and inside scaflalds,
ranways and platforms, water, temporary light and remuoval of vefuse shall be furnished -
{o Lhe Terra Cotla manufacturer, (ree of charge, by the (masou contraclor),” A provision
shwuld also be included to the effeel thal the (mason conlractor) shalt eonstruct the brick
(convrele) hacking for the Terra Colla and “The bocking shall proceed simultancously
willt the sctling of Terra Cotta. Each picee of Terra Cotla shall be backed up solid with
brick and wortar, so as to makea perfect bond and homogeneous mass between wall lines.
This backing shall extend beyond the wall line when necessary to structural stability.
If concrele is used it shall not be sivonger than a 1 to 9 mixtore.”

Also a provision wider which the (mason) contraclor shall place all coucrete or cement
grading for gutters, washes and balcony, loggia or ether {loors.

37. In the case of parapet walls specifications sliould state that flashing if used shall be carvied
Lhvough the wall, or if flashing be not used the bhack of the parapet wall shall be damp-
prooled and the water-proofing carried through Lhe wall.

88. 2.—Inihespecilicalions for sheet metal work there should beincluded a clause similar in purport
to the following:

“The washes on all cornices and otlier exposed surfaces, where shown or specified, shall
be covered with ( ) which shall be turned up against vertical surfaces
(cap flashed) and cemented into the xaggles provided for the purpose in the Terra Cotta.”
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89. 3.—Suruclural Supports.
Under “Structural Steel,” a clause similar in purport to the following should be included:
“Beams, channcls, angles, '1’s, plates and fabricated members fov supporting Terra Cotta,
and which are sccured to the stricéural steel with short holis or rivels, shall Le furnished
and erected by the contractor for (structural steel).”

90. Under "Structuval Concrete® a clanse similar in purpoct to khe following should be included :
“Sleet beams, chauncls, angles, s, plates, fabricated hrackets and outlookers and olher
niembers, bolts, rods, wires, ancliors, and sleeves for supporting ‘f'erra Cotta, which ace
imbedded in the structural concrele, also shelf angles and continuous rods attached (o
structural conerete shall be furnished and set by the contractor {or struclural conerele,
in slrict accordance with selting drawings prepared hy the Terra Colla manufacturer.”
(For informalion as to the sizes and characler of bolts, rods, anchors, ele., see seclion 12
paragraphs 24 to 35 inclusive on “Supporling Metal Work and Anchors” of Standard
Specification for the Manufacture, Furnishing and Setling of Terra Colla. Such supporls
shinuld he clearly shown on the drawings.)

91. 4~~Under “Rough Carpenlry” or other suilable division of work, there should be includeil a
clause providing that the contractor shall furnish, set and maiatain all centering, cover
hoards, boxing and protection for Terra Colia, and remove the same upon complelion of
the work.
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Index
A Brick Field with
Anchorage.................... See plates in general Terra Colla Trim....... 4, 5,10, 14, 19, 30, 3]
Terra Cotta to Concrete Irame.......... 27, 28, 36 ¢ 32, 37, 38, 40, 43, 49
"Pypes of Anchors, Ilangers, clc., used.......... 67 Bullress.. ... ... 18
Arches C
Cireular. ....... ... ... ... i 2, 10 C’anopies’ Engaged _____________________ 5, 33
Elliptical..................... ... . 4, 5, 33, 38
Flat................. 2, 6, 19, 33. 34, 37, 38, 42, 46 Gapizals for Colun"ns
Gothic. ... ..ot i 39 or Pilasters... 1, 2, 3, 9,10, 21, 26, 45, 47, 49 I
Pointed.............cooci i 1, 39, 61 50, 51, 52, 58, 54, 55, 60, 62, 63, 61
Rusticated Ashlar.................... 6,7,8,9,41 Carlouches........................... 9, 13, 34, 63
Segmental. . . ... I 1,3,7,13, 19, 33, 34, 38, 41
Semi-circular. . ........ 2, 3, 8, 5,10,11, 12, 14 Channel Delails, Metal, for
45, 48, 49, 50, 60, 62, 63 Leaded Glass Tdeows .................. 39, 42
Spandrels for.... ... 3, 4, 5, 14, 33, 45, 48, 49, 62, 63
Avchilraves. L, 2, 321 28, 2, 30, 81 Cheneauz.........o.oc i, 21, 24
32, 48, 49, 50, 60, 62, 63 Church Spire................................ 64
Ashlar
Paneled...... ... 7,8 Columns
Plain.............. 2, 3, 5 911,12 13,18, 25 Annulated. ... ... 52
29, 32, 39, 43, 45, 48, 50, 60, 64 Bases...............out 1, 1, 41, 47, 49, 51, 52
Rusticated.............. 1,6, 17, 89,11, 31, 41, 44 54, 55, 56, 57, 62, 6.1
Capitals.................. 1, 14, 21, 49, 51, 52, 53
54, 55, 60, 62, 63, 614
. B Corinthian—Fluted and Plain. ................ 35
Balconies........................... 12, 13, 14, 45 Dorio-~Ornamented. ......................... 58
Engaged............ 1, 10, 14, 44, 47, 49, 52, 62, 63
Balustrades Entasis Diagram....................... 51, 54, 55
Bases. ......cooviieieiin, 12, 14, 15, 16, 25, 26 Entasised........... 1, 21, 19, 51, 52, 33, 54, 55, 62
Construction and Ventilation......... 12, 14, 15, 16 Flute Details. «. .......................... 56, 57
25, 26, 41 Tonic—Fluted and Plain,................... 54, 62
Cover Plate Blocks. . ................... 16, 25, 26 Jointing.................. 1, 44, 47, 49, 51, 52, 53
Bngaged..........coviiiii i 41, 54, 55, 56, 57, 62, 63
Rails.................. 12, L, 15, 16, 25, 26, 41 Octagon—Ornamented and Main. ............. 51
Ornamented Shaft........................... 52
Band Courses.......................... 2.1, 49, 50, Volute Diagram. ...oouvivvnnee oo 54
Bases Concrele
Courses............ 1, 2,5 6 17, 8 910,11 Frame Construction and
43, 44, 45, 47, 48, 50, 61, 62, 63 Anchorage Details.................... 21, 28, 36
Niche.... ... 48 For Protection of Steel and Anchorage in Non-
Strengthening Webs in Column conerete Frame Buildings.. ... .4, 5, 12, 13, 21, 22
orPilaster................cviviinnn, 7, 53, 54 21, 26, 33, 62, 63
Consoles.............. i il 3, 62
Balllements. ............................... 18, 34
. Copings
Bay, Oriel. .. ... 4 Battlermented. .....................i.l 18, 34
Brick Dowel Construction............15, 16, 17, 21
Bosses.............. ... ... 24 23, 24, 31
General.................. 15, 16, 17, 18, 2L, 23, 24
Brackels. ............ 2,12, 18, 14, 15, 24, 28, 49, 50 27, 29, 30, 31, 58, 59, 64
-—'———_——__hﬁ—_—_—_m.
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Index—Continued
C—~Continuml E’n T i
Corbels............ 10,00,0 Dol Ao s oric .
Cornices e
Y INAGrams. ... i 51, 54, 55
Heavy Bracketed (Corbel Table).............. 24 Enlasis Diagrams 1, 54 55
?I\:Taﬂnd:lltl:r(lmslo M T 15. 22, 23, iz Enlrances—~(Also sen Duorways)
Venllation......... 1, 2, 3,15, 21, 22, 23, 24, 25 g}ﬂ*ﬁ;ﬁ;”‘“‘*‘ ---------------------- ‘;
2 2 X 8 6 U S .
ot e B BB B
With Niches. .........ocoooieeiiiii o 48, 49 gomi-eircular Arch and Pediment .- -
With Steel Supports. . ........ 1, 15, 21, 29, 23, 24 0C€ FTO0b. o ovvsnre e o

25, 26, 27, 32, 44, 49 E fon. Joind
Without Steel Supports. .......2, 3,21, 29, 30, 31 TPAnSION JoInLs ’
34, 50, 58, 62, 63 At Shelf Supporls................. 7, 29, 30, 31, 36

OT— ; At Spandrel Ends. ..... e 32

Corrgfsgz?e,) (See also Conerete used for Protection Over Column Cagitals. .1, 31, 49, 51, 52, 53, 54, 55

Drotection of Steel from.... 1, 2, 4, 5, 22, 23,.24 Over Pilaster Capitals......... oo 2’_ 2\6
26, 27, 28, 32, 33, 34, 35

36, 42, 44, 54, 64 ¥
Crockels. ..........ccoooiviiiiuii i, 46, 47, 64 Finials. ..o 5,33, 45, 46, 7, 49, 63, 61
D Flashings

Diagrams Baloonies. . ... vvverrarcaranriiaaens 12, 13, 14, 45

Entasis...........coii i 51, 54, 55 Balvstrades. .. o.vvvevviicaiiens 12, 15, 16, 25, 26

VoIt « v et e e 54, Canopies. . .. v vt e 5,33

Cormices. ............. 21, 22, 23, 24, 25, 25, 28, 63

Domes DOMIES. .\ vt eiee e 38, 59, 62, 63

.................... 45, 46, 47

Collred Apsidal. ... ... 6L NuboSile, L 35, 18, 9

Intenocr: of Plain Ashlar. ................ 60, 62, 63 Parapets....... .. 15, 21, 23, 24, 27, 29, 30, 31, 34, 58

Terra Cottacovered................c.c.ovvnn 58, 59 Pediments. . . oo oo 1, 45, 46, 47, 64

Sills.. .. e 43, 44, 47, 48, 62, 64

Doorways—(Also see Entrances) ' Under Copings. .15, 16, 17, 18, 23, 24, 27, 29, 31, 34
Tlat Arched........c.coocv0s. e 6

Segmental Avched. ... 7 Flule Delails for Columns................. 56, 57
Semi-circutar Arched. .............. 8,9,610,12, 14

Free-slanding—(Also see Balustrades and Parapets)

Dormer Windows...................... 15; 46, 47 (030 T 0. 61
Finials.,........c...... 5, 83, 45, 46, 47, 49, 63, 6t
Drainage GEIZOYIES. -. o\ it 63
Balconies. . .......ccooiiiiiiiii. 12, 13, 14, 45 Pinmacles............... 47
Cornices..................... 1, 2, 8, 21,2223 .
24, 25, 26, 28, 44, 58 Friezes.............. 1, 2, 3,21, 23, 26, 29, 31, 32
DOMES . ..o veaes e eviieannn, 58, 59, 62, 63 44, 45, 48, 49, 50, 58, 60, 62, 63
Drips ..............ocel See plates in generat G
Details. . ...ooooi i 20 Gargoyles. .. ......cooiueiiii 65
Drop Light Cenler for Dome................. 60 .
Impost..........ccoooviiiiiii i 60
E D
Embrasures........................ ... 18, 34 Inseriplion Panels......................... 1,32

——— =
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Index— Conlinued

J N
Jambs Niches......................ooo. 5, 33, 48, 19
Mboulded............ 4, 5, 7,10, 11, 14, 33, 34, 37
38, 39, 42, 43, 46, 47, 49, 50 : o
Moulded and Quoined............ 10, 30, 38, 42, 43 .
Paneled............................. 1,38,6,9, Lk Openings—(See Doorways and Entrances)
Plain. .................... 2, 8 9,12,13,29,31 . B
32, 41, 42, 44, 45, 61 Oriel Bay ................................... 1,35
Joinlings—(Also see Arch Construction) Oullooker Construction
Balustrades. ... ..............ccivvviiiun-. 16, 41 Baleomies........co... ., 12, 13, 14
Brackets.............oiieiieen., 13, 24, 49, 50 (071 12) - T 5,33
Columms. .............c.u. 1, 44, 47, 49, 51, 52, 53 Cornices. . ......ccvveuun.. 15, 21, 22, 23, 24, 25, 26
54, 55, 36, 57, 62, 63 Niche Sills.. . ..ooveei e e 49
CODIDES. vttt eee e 16, 17, 18 Pediments........coviii i 1,19
Dome Coverings. . . ... covvivrervnrarannnn. 58, 59
Jambs. ..., 1, 4, 5, 6, 7, 9,10,11 P
37, 38, 39, 42, 43, 44, 64 Panels
Mullioms. ........ 4, 29, 30, 31, 33, 34, 37, 38, 39, 42 ;
Pilasters............. e 2, 3, 26, 45, 50, 60 ?ofre}-ezl_ ................................... ; g;
Rosettes.......ovoooonn.. . .ll, 221 23’ 24. 55, 64 OSCLIPLION, . L o i i iacaae s an v eann '
Sty T 112 13 21 23 26 27 Moulded............. 2,13, 22, 23, 25, 32, 61, 63, 64
. 28‘ 32’ 35, 36' 44" 49‘ 60 Ornamented. . ................ 2, 3, 15, 22, 26, 30
. PRI IR 32, 87, 61, 62, 63
Joinls for Wash Courses ,
Flush 20 Parapet Construclion
USHL e and Ventilation. .............. 15, 21, 23, 24, 27
gaoﬁed ..................................... ig 20, 30, 81, 34, 58
Pedesials. .........coooieiiiiiin. .. 5, 83, 62, 63
K .
Keystones.........ooovvo oo 3 6 7 8 9,13 Pedestal Niches........................... 33, 48
19,41,45,62, 63 pogiments. . .o 1, 3, 45, 46, 47, 49, 64
L .
Leltering, Delail Section Piers
for Raised and Incised.................... 66 Plain Ashlar. ...........coooviennn., 20, 32, 44, 50
. Rusticated Ashlar........... 1,6,7,8,9, 31, 41, 44
Linlels Shelf Supports for. . .............20, 30, 81, 32, 44
Doorway......coovvnniiii 1,9, 32 With Canopy, Niche and Pedestal. . ........... 33
Window......... 4, 19, 29, 30, 31, 35, 36, 37, 44, 46
. - Pilaslers
Louvered Windows—(Ses Windovws) BABES. . oo oo 2, 45, 62
Capitals..................... 2, 8,9, 26, 45, 60, 62
M Paneled.............. ... ... ... 2, 45, 64
Merlons. ... ..........cooviiiiiii i, 18, 34 Plain. ... 3, 26,50
Rusticated. . .....oiiiiii i e 9
Metal Channel Frame Delail .
for Leaded Glass Windows.............. 39, 42 Pinnacles.................ooiii . 47, 64
Melopes. ...t 21 Plynths... 1, 2, 6, 7, 8, 9,10, 11, 43, 44, 45, 47
_ 48, 49, 50, 51, 52, 54, 53, 56, 57, 62, 63, G+
Modillions. .................cociiiiinnnn, 22, 23
Mullioned Windows—(See Windows) . Q
Quoins..................... 4,10, 14, 19, 30, 31, 32
Mutales. ............................. 21, 23, 25 37, 34, 39, 42, 43, 46

'—‘————-—-——;—________
L LSS e — 1
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Index—Conlinued
R Terra Colla T
DNails—(Sre Nalustrades) In Brick Field. . ........... 4, 5,10, L4, 19, 80, 31
32, 37, 38, 40, 43, 49
REQIBLS‘ """"""""""""" 21, 26, 45, 46, 47, 58, 61 WRIREOEY ot s L e s e s 12, 43
Hoselles:: ciiennmimisiagy 11, 22, 23, 24, 55, 64 POUWES . o+ e oo e ee e oo 62, 63
Rubble Stone with Terra Colla Trim......... 42 Trgpery Windows.............. e 30, 40
Ruslicalion ' Transom Linfel (Pancled)..................... 9
F 1L T S 6,7,809, 41 )
Ashler.................. 1,6, 7, 8,9, 11, 31, 41, 41 Trighyphs. oo 21, 46
Caliohnm: s feuasisiiism s 1, 52
OGBS, ... . oo e s bbb S B Ao S 30, 3L Tympanums................... 1.8, 45, 46, 47, 49
Panelet ;o v s wmsw s s ks v 7,8
u
Plers: v wssppmpiagmmsvan 1,6,7,8,9, 31,41, 44
rwe Rl s i 67 Uy, BBl oo ivvinnssnns s s s 49
v
Sel-offs S 18 Venlilalion—(See Cornices and Free-standing)
"""""""""""""""""""""" Volule Diagram for Columns................ 54
Shelf Supporls....... 7, 23, 26, 27, 28, 29, 20, 31, 32
33, 34, 35, 36, 37, 42, 4, 60 ) W
Sills Watnseol: cosiiinmissmsi s rintms 42, 43
Delails for Metal and Wouden Frames......... 20 Wailing Room Inlerior,
For Leaded Glass windows........ 37, 30, 39, 42, 43 with Tickel Windows..................... 50
MNIBRG s v sssiomsiiea Tty 0 405 59 .
T 13,6, VWalerproofing—(See Flashings)
Window... .. L 13! 14, 2?1 28, 29, 30, 31, 32, 33, 31 ‘Vafe!‘ Tﬂble ................................. 4
36, 37, 34, 39, 41, 42, 43, 44, 45, 46, 47 Webs, Strengthening
Soﬂifs—(Sce also Arch Construction) Cohn_'nn and Pilaster Bases............cc0vunnn 7
) Moulded. . ..... "|'| 5- 7' 10’ 11. I'I-. 22. 26. 27’ 3?. 38 IlusLlcat.cd Aslllar ........................... G
Paneled. ........ 1, 3, 6, 9,12, 13, 14, 21, 22, 23 17
24, 25,26, 27, 28, 32, 35, 44, 60 ) indows .
. Circular Arched . .. ovvevrvrnvinnrsernnnnness 2, 40
BV cca v s s s i siarers 2, 8, 35, 36, 41, 44 Ditriies ) o s 46 4T
Spandrel Wall, Conslruction for g{fli_D Pe:aﬂs o gg
Concrele Frame. ..o ovveevrenrnrnnnninns 27, 20, 36 SHUpHCAL ATCHEC. « v vvnvenssren e caeans ,
Steel Frame. ............. 23, 27, 28, 29, 30, 31,32 e e ———— B0 80, LA
_ 3’]-.3.36.3?,’- BT R R A sasie s ae
Spandrels, Arch &% . ‘“ In Brick Field. . .......... 14, 19, 30, 37, 38, 40, 43
pandrels, Arch . 2
Moulded 4 & 85 4 In Plain Ashlar Ield. ............... 29, 32, 39, 50
Paneled. . ovnn T 5 1 48, 49, 62. 63 In Rusticated Ashlar Field.................... 31
PI“‘E o SO BN L U AR A i Ml S0, By 0% =1 Lintel Construction.. .. .. 4, 19, 29, 30, 31, 36, 37, 44
e L Louvered. .o e e 42, 47
Steel Mullioned. . .....covvvvivann. 4, 13, 29, 30, 31, 32
Protection from Corrosion...1, 2, 4, 5, 22, 23, 24 33, 34, 37, 34, 39, 42
96, 27, 28, 32, 33, 34 Oriel BAY. oo+ v e eeeeeeee e e et inannss 4,5
35, 36, 42, 44, 54, 61 Pointed Avched. i s iimaunaaannm i 1t
Supperts, Cornice with........ 1, 15, 21, 22, 23, 24 17 Sy S A S 10
235, 26, 27, 32, 44, 49 Segmental Avched. .. .........., 19, 33, 31, 38, 41
Types of Anchors, angers, Straps, ele......... 67 Sill Details for Conerete Construelion. .. .. ... 27,28
Slove Ironl P 8ill Details for Leaded Glass. . ... 37, 38, 39, 42, 43
HOLE S DON s cws s mierdpim s s e S ST A 0 Sill Details for Mectal and Wooden Frames. .. ... 20
Siring Courses. .... .......... 4, 3,12, 24, 29, 80 Ticket (Waiting lloom Interior). . ............. 50
41, 42, 43, 44, 50 Tracery....o.u 00 Sy S B a8, 39, 40
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Tel 1-613-225-3381
1-410-761-0765
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