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1. Need

The structure target is a common element of concern to military planners, weaponeers, battle
damage assessors, munition designers, firing platform designers, evaluators, modeling and
simulation analysts, and developers of suitable range targets for use in live fire and training
exercises. Using a precise and comprehensive set of standard geotypical building descriptions as
a baseline eliminates a significant variable in estimating weapon effects. To date, a set of
building descriptions has not been available to this community. The U.S. Army Research
Laboratory, Survivability/Lethality Analysis Directorate, directed the development of this report.
This report provides these descriptions on a worldwide basis using an established and accepted
methodology.

The first edition of Urban Terrain Building Types was released informally in at a DoD working
group meeting held in Vicksburg, MS. The document detailed 40 structure types and regional
incidence of occurrence information. During the meeting, a subset of the 40 structure types was
chosen by the working group in attendance for developing a more detailed description of the
selected structures. The reduced set consists of 14 structure types—7 that have been selected
from the mass construction category and 7 from the framed construction category (table 1).

Table 1. Set of 14 structures selected for detail design.

Mass Construction Framed Construction
Adobe house (UTBT mass 3) R/C-framed house with brick infill (UTBT framed 12)
Triple brick house (UTBT mass 5) R/C-framed store/apartment building (UTBT framed 14)
Triple brick Middle Eastern house (UTBT mass 6) |R/C-framed light-clad hotel (UTBT framed 9)
CMU house (UTBT mass 14) R/C-framed light-clad office (UTBT framed 10)
Box wall apartment (UTBT mass 22) Central pylon light-clad office (UTBT framed 11)
Box wall hotel (UTBT mass 23) R/C-framed industrial building with infills (UTBT framed 16)
Brick mosque (UTBT mass 23) Light steel-framed industrial building with corrugated
cladding (UTBT framed 20)

Note: CMU = concrete masonry unit. R/C = reinforced concrete. UTBT = urban terrain building type.

Based on review and input from various DoD organizations, the document was expanded (adding
sections on venting, roof characteristics, and 4 additional structures to the original set of 40),
made more user-friendly, and submitted to a formal publication process. The second edition of
Urban Terrain Building Types is the result.



2. Goals

To date, wall and structure target descriptions available for testing and evaluation,! analysis,
planning, and training? are few in type and may not fit within the urban terrain zone (UTZ)
methodology. Some of these targets originated in the Cold War of the 1970s and 1980s and do
not reflect the current theater of operations. Further, the targets are not standardized across the
services, and specifications do not exist for the target construction. The specific goals of this
document are as follows:

1. Provide a set of representative geotypical target building types comprising a comprehensive
data set of types and specifications that could be encountered in urban operations activities
on a global basis, and reflect appropriate regional variation using an established and
accepted methodology.

2. Organize the set of target descriptions into a standardized, manageable, readily
transferable, and useful form for use by the urban operations community.

3. Provide a comprehensive data set of information on each building type. The data for each
building type are:

a. Building exterior shape and dimensions.

b. Type of construction method and material characteristics.
c. Wall composition and thickness (interior and exterior).

d. Venting character and dimensions (doors and windows).

e. Interior configurations (room dimensions and room use).

f. Regional incidence of building-type occurrence (where in the world does the type
occur).

3. Approach

Responding to the statement of need and goals discussed earlier, the approach taken was to
develop a broad base of information on the physical and functional characteristics of urban
terrain building types (UTBTs). Information is organized by primary construction type (mass
and framed), specific method of construction and materials used, and details on building

Unternational Test Operating Procedure 5-2-503, Human Engineering Laboratory Technical Memorandum 30-78, STANAG
4536.

2McKenna MOUT, Joint Readiness Training Center, and others.



interiors. The building representations and examples in this report are geotypical in nature, i.e.,
buildings of a common type in a geographical region or structures that are constructed using a
common construction method. Usually, these structures are ubiquitous in the geographical area
considered. Geospecific building representations describe a particular building in a particular
location and are not the subject of this report. A total of 44 UTBTs are presented in the catalog
section of the report. This catalog consists of 243 separate plates showing various characteristics
and properties. The plates range from 5 to 12 for each building type (the number of plates
reflecting levels of complexity).

Several factors were considered when selecting the 44 building types, such as ascertaining that
all major worldwide structure types are represented and that the selection met the DoD working
group’s purpose to present to the broader urban operations community building types that match
the interests of a wide variety of users engaged in testing, modeling and simulation, combat
development, and weapons/munitions development.

4. Method

The building types presented in this report (see tables 4 and 5) come from canvassing the open
literature covering international architecture and structural engineering. Examples of these
building types were photographed on numerous field expeditions to 71 cities in 41 countries over
an elapsed 50-year period. Many of these photographs serve as examples for users and as the
source from which measurements were taken, e.g., venting dimensions. Window patterns also
serve as an exterior clue to floor plans. The view of building materials provides valuable keys to
construction, e.g., the specific bonding type of brick walls.

Almost all buildings used in the report were photographed by Richard Ellefsen during the course
of numerous study trips abroad. Photographs of Koblenz, Germany, were taken by David
Fordyce.

Other details, such as floor plans, were taken from occurrences in the literature. Sources used
were published books and information from the Web. An especially valuable Internet source is
the World Housing Encyclopedia Report (www.world-housing.net) maintained by the
Earthquake Engineering Research Institute. Data on building height and spatial placement in an
urban setting were derived from open-source aerial photographs and high-resolution satellite
data, now available on the Internet for virtually all major urban areas in the world.

An integrated collation of the building types was performed according to the UTZ methodology
found in section 13 of this report.


http://www.world-housing.net/

5. Introduction to Tables 2 Through 6

In this report, building types are linked to appearances in UTZ. The UTZ classification system is
presented in section 13 of this report. Table 2 provides the urban morphology categories that
comprise the UTZ classification system developed by the primary author. The cross-indexing
between building types and the UTZ system is presented as table 3. Reference to table 2 and the
UTZ plates found in the UTZ methodology section of this report will serve to enhance
understanding of both the building types and the UTZs. All but one UTZ plate has an oblique
air-photo example (on the right-side panel of each plate). Choosing examples from many cities
in the world was a fairly simple task thanks to the universality of the classification system. This
serves to confirm that both the cause and the response to urban/economic/social stimuli are
universal, even when countries vary widely in their form of government. (For example, the
People’s Republic of China’s approach in their large cities does not differ from capitalistic
countries.)

Tables 4-6 form an integral trio. Tables 4 and 5 serve the purpose of providing an index (see
page numbers in the right column referring to the plate location for each building type in the
catalog). These two tables indicate the primary type of construction (mass or framed), the more
specific methods of construction (e.g., unit masonry), and the discrete type of building material
of which each building type is made (e.g., kiln-dried brick). That some groups have more entries
than others expresses the incidence of building-type occurrence on a global basis. For instance,
only two entries are listed for stone buildings, as such structures are uncommon (at least, all-
stone structures as opposed to those with a stone veneer over other forms of construction). Kiln-
dried brick construction and various forms of infill wall associated with framed buildings have
nine and eight entries, reflecting their broad worldwide occurrence.

Table 2. Current UTZ classification system.

Detached, Closely Spaced Detached, Widely Spaced
Attached Buildings UTZs Buildings UTZs Buildings UTZs
Al |Attached commercial [Dcl |Detached, closely spaced high- |Dol |Shopping centers with parking
buildings rise office buildings lots
A2 |Attached hotels and Dc2 |Detached, closely spaced Do2 |Detached, widely spaced
apartment buildings apartment buildings apartment buildings
A3 |Attached houses Dc3 |Detached, closely spaced Do3 |Detached, widely spaced
houses houses
A4 |Attached industrial Dc4 |Detached, closely spaced Do4 |Detached, widely spaced
/storage buildings industrial/storage buildings industrial/storage buildings
A5 |Attached commercial |Dc5 |Detached, closely spaced Do5 |Detached, widely spaced
buildings along arterial commercial buildings commercial buildings
streets
— — Dc6 |Detached, closely spaced Do6 |Detached, widely spaced
administrative/cultural administrative/cultural
buildings buildings

Note: UTZ = urban terrain zone.



Table 3. Common locales by UTZs for building types.

Target Type UTZs Where
(UTBT Designation) Urban Terrain Building Type Type Is Common
Mass 1-1 Stone house Old Al
Mass 2-1 Stone institutional Al
Mass 3-1 Adobe house Developing Nation A3
Mass 4-1 Mud brick single-floor store Developing Nation Al
Mass 5-1 Triple brick house A3, Dc3
Mass 6-1 Triple brick Middle Eastern house A3, Dc3
Mass 7-1 Brick row house A3
Mass 8-1 Brick apartment building A2, Dc2
Mass 9-1 Brick hotel Al, A2
Mass 10-1 Brick office Al
Mass 11-1 Brick store Al, AS
Mass 12-1 Brick mosque Al, A3, Dc3, Dc6, Do6
Mass 13-1 Brick industrial/storage A4, Dc4
Mass 14-1 CMU house Dc3, Do3
Mass 15-1 CMU store A5, Dc5
Mass 16-1 CMU industrial/storage Dc4, Do4
Mass 17-1 Brick-over-block house A3, Dc3, Do3
Mass 18-1 German brick-over-block house A3, Dc3, Do3
Mass 19-1 Unreinforced apartment with masonry cover A2
Mass 20-1 Retail store Al, Dc5, Dol, Do5
Mass 21-1 Tilt-up industrial/storage Do4
Mass 22-1 Box-wall apartment building Do2
Mass 23-1 Box-wall hotel Al, A2, Do5
Framed 1-1 Half-timbered wood house Al, A3
Framed 2-1 Half-timbered wood store Al, A5
Framed 3-1 Wood-framed house Dc3, Do3
Framed 4-1 Brick veneer house Dc3, Do3
Framed 5-1 Wood-framed store A5, Dc5
Framed 6-1 Heavy-clad hotel Al,Dcl, Dol
Framed 7-1 Heavy-clad office Al,Dcl, Dol
Framed 8-1 Light-clad apartment building Do2
Framed 9-1 Light-clad hotel Al, Dcl, Dol
Framed 10-1 Light-clad office Al, Dcl, Dol
Framed 11-1 Central pylon office building Dcl, Dol
Framed 12-1 Brick infill house A3, Dc3
Framed 13-1 Terra cotta infill house A3, Dc3
Framed 14-1 Store/apartment A5, Dc5
Framed 15-1 Brick infill store/office A5, Dc5
Framed 16-1 Industrial/storage with CMU infill A4, Dc4, Do4
Framed 17-1 Industrial/storage with terra cotta infill A4, Dc4, Do4
Framed 18-1 Industrial/storage with brick infill A4, Dc4, Do4
Framed 19-1 School with brick infill Do6
Framed 20-1 Light steel-framed industrial storage Dc4, Do4
Framed 21-1 Light steel-framed double-industrial storage Dc4, Do4

44 Total Types

Note: UTBT = urban terrain building type. UTZ = urban terrain zone.




Table 4. Forty-four universal UTBTs by method of mass construction and by function.

Table of Structures and Index to Building Types

Principal
Construction Sub Building UTBT UTBT
Method Type Material Function UTBT Title L.D. No. | Page No.
Mass Buildings that | Stone Residential Stone house Mass 1 50
construction use masonry Institutional Stone institutional Mass 2 55
units Sun-dried mud |Residential Adobe house Mass 3 61
brick (adobe) | Retail Single floor store Mass 4 68
Kiln-fired Residential Triple brick house Mass 5 76
brick Middle Eastern house Mass 6 84
Row house Mass 7 92
Brick apartment building | Mass 8 100
Hotel Brick hotel Mass 9 106
Office Brick office Mass 10 111
Store Brick store Mass 11 117
Institutional Brick mosque Mass 12 122
Industrial Industrial/storage Mass 13 127
CMU Residential CMU house Mass 14 132
Retail CMU store Mass 15 138
Industrial CMU industrial/storage Mass 16 143
Brick over Residential Brick over block Mass 17 148
block German brick over block | Mass 18 153
Concrete Poured in Residential Unreinforced apartment Mass 19 160
place with masonry cover
Retail Retail store Mass 20 166
Tilt-up Industrial Industrial/storage Mass 21 171
Box-wall Residential Apartment building Mass 22 177
principle Hotel Hotel Mass 23 189
(panel)

Note: UTBT = urban terrain building type. CMU = concrete masonry unit.

The function column gives the use of each building type, in systematic order, beginning with
residential (houses and apartment buildings) and followed by hotels, offices, retail stores,
institutional buildings, and industrial/storage buildings. These general classes are in accord with
the widely accepted land-use classes seen in such U.S. government documents as the Standard
Land Use Coding Manual.

Table 6 expands upon the entries in tables 4 and 5. It is designed to provide users with a quick,
comprehensive reference guide to a variety of physical UTBT properties covered in this report.
For each building type, data are provided on wall dimensions and materials; floors; roof sizes
and materials; venting; and room dimensions. All of these data items refer to and are derived

from detailed data presented in the 243 plates (for 44 distinctive UTBTSs) in the catalog.




Table 5. Forty-four universal UTBTs by method of framed construction and by function.

Table of Structures and Index to Building Types

Principal
Construction Sub Building UTBT UTBT
Method Type Material Function UTBT Title L.D. No. | Page No.
Framed Wood post |Half-timbered |Residential House Framed 1 196
construction |and lintel Retail Store Framed 2 201
Light wood Residential Wood-framed house Framed 3 207
frame Brick veneer house Framed 4 214
Retail Store Framed 5 219
Steel or R/C |Steel-framed  |Hotel Hotel Framed 6 224
frame heavy clad Office Office Framed 7 233
Steel- or R/C- |Residential Apartment building Framed 8 243
framed light Hotel Hotel Framed 9 248
clad Office Office Framed 10 257
Central pylon |Office Framed 11 263
office
R/C-framed Residential Brick infill house Framed 12 270
with infill walls Terra cotta infill house Framed 13 282
Mixed Store/apartment Framed 14 290
residential
/commercial
Retail Brick infill store/office Framed 15 298
Industrial Industrial/storage with Framed 16 303
CMU infill
Industrial/storage with Framed 17 309
terra cotta infill
Industrial/storage with Framed 18 315
brick infill
Institutional School with brick infill Framed 19 321
walls
Very light steel |Industrial Industrial/storage Framed 20 327
framed Double industrial/storage |Framed 21 332

Note: UTBT = urban terrain building type. R/C = reinforced concrete. CMU = concrete masonry unit.




Table 6. Building properties table.

External Interior Mean Mean
Building Type External Wall Interior Wall Interior Percent Percent Mean | Mean
Mass Building Wall Masonry Wall | Masonry Wall Floor Roof Roof Roof | Window Doors |Window| Room
Construction L.D. Location Thick. Unit Size | Thick. | Unit Size | Material | Material | Shape Material | Thick. |Front Wall| Front Wall | Size Size
(cm) (cm) (cm) (cm) (cm) ) | (m)

Stone house Mass 1 Europe 40 Varied 20 Varied Stone Wood Pitched Tile 2 7.8 4.1 1.2 16.0
Stone institutional
building Mass 2 Europe 40-100 Varied Varied Varied Stone Stone Pitched Tile 4 10.3 6.2 22 125.0
Adobe house Mass 3 | Southwest Asia 80 40 x 26 80 40 x 26 Adobe Adobe |Flat/domed|Mud/wattle| 10 7.8 5.9 1.2 19.8
Adobe store Mass 4 | Southwest Asia 48 30 x 15 48 30 x 15 Adobe Adobe Flat Mud/wattle| 10 6.9 6.2 1.9 40.0
Triple brick house | Mass 5 World 36 11.5x23 23 11.5x23 Brick Wood Pitched Tile 2 133 6.9 1.2 12.7
Middle Eastern
house Mass 6 SWA 34.5 11 x22 34.5 11 x22 Brick Concrete Flat Concrete 10 0.0 6.2 0.0 24.8
Row house Mass 7 World 36 11.5x23 23 11.5x23 Brick Wood Pitched Tile 2 12.1 6.9 24 17.7
Brick apartment
building Mass 8 World 48-96 11.5x23 23 11.5x23 Brick Wood Pitched Tile 2 13.1 10.5 2.4 19.3
Brick hotel Mass 9 World 48-96 11.5x23 23 11.5x23 Brick Wood Pitched Tile 2 16.4 11.8 1.9 17.8
Brick office Mass 10 World 48-96 11.5x23 23 11.5x23 Brick Wood Pitched Tile 2 15.0 2.6 2.1 26.7
Brick store Mass 11 World 36 11.5x23 23 11.5x23 Brick Wood Pitched Tile 2 20.8 20.8 1.9 20.0
Brick mosque Mass 12 | Southwest Asia 60 11.5x23 None NA NA Tile |Flat/domed| Brick 10 6.3 1.1 NA |125.0
Brick
industrial/storage | Mass 13 World 36 11.5 x23 23 11.5 x23 Brick | Concrete | Pitched Tile 2 18.1 2.6 3.8 360.0
CMU house Mass 14 World 20 20 x 40 10 10 x 40 CMU Concrete | Pitched Tile 2 10.1 7.5 1.2 11.2
CMU store Mass 15 World 20 20 x 40 20 20 x 40 CMU Concrete | Pitched | Composite 1 48.7 25.5 1.9 16.0
CMU
industrial/storage | Mass 16 World 20 20 x 40 10 10 x 40 CMU | Concrete | Pitched Steel 0.2 18.1 2.6 1.5 78.5
Brick/block house | Mass 17 | North America 32.5 |Combination®| 20 20 x 40 CMU | Concrete | Pitched Tile 2 133 6.4 1.2 133
German
brick/block house | Mass 18 Europe 35.5 | Combination®| 23 23 x 46 CMU | Concrete | Pitched Tile 2 13.3 5.6 1.2 15.5
Concrete apartment | Mass 19 | Southwest Asia 45 Combination® 15 NA Concrete | Concrete Flat Concrete 10 13.1 10.5 24 13.5
Concrete store Mass 20 World 20 Non unit 10 Stud Steel/wood | Concrete Flat Concrete 10 16.3 7.5 1.9 504.0
Tilt-up industrial Mass 21 | North America 20 Non unit 10 Stud Steel/wood | Concrete Flat Concrete 10 54 13 3.8 280.0
Box wall apartment | Mass 22 Europe 20 Non unit 16 NA Concrete | Concrete Flat Concrete 10 24.2 2.4 3.0 16.3
Box wall hotel Mass 23 | North America 15 Non unit 15 NA Concrete | Concrete Flat Concrete 10 39.4 1.1 4.0 28.0

*Combination: CMU block (20 cm) and brick (11.5 cm)

NA = not applicable.

. "Combination: CMU (German, 25 cm) and brick (11.5 cm). ‘Combination: poured concrete (30 cm) plus stone (15 cm).




Table 6. Building properties table (continued).

External Interior Mean Mean
Building Type External Wall Interior Wall Interior Percent Percent Mean | Mean
Mass Building Wall Masonry Wall | Masonry Wall Floor Roof Roof Roof | Window Doors |Window| Room
Construction L.D. Location Thick. Unit Size | Thick. | Unit Size | Material | Material | Shape Material | Thick. |Front Wall| Front Wall | Size Size
(cm) (cm) (cm) | (em) (cm) ) | (m)

Half-timbered house | Framed 1 Europe 15 Non unit 15 Stud Wood Wood Pitched Tile 2 9.1 24 1.9 18.2
Half-timbered store | Framed 2 Europe 15 Non unit 15 Stud Wood Wood Pitched Tile 2 12.0 5.1 1.9 32.0
Wood-framed house | Framed 3 Regional 14-24 Non unit 12 Stud Wood Wood Pitched Tile 2 9.1 10.5 1.9 14.3
Brick veneer house | Framed 4 Regional 24 11.5x23 12 Stud Wood Wood Pitched Tile 2 9.1 10.5 1.9 14.3
Wood store Framed 5 Regional 12 Non unit 12 Stud Wood Wood Pitched Tile 2 0.0 70 0.0 30.0
Steel-framed hotel | Framed 6 World 35.5 Non unit 12 Stud Steel/wood | Concrete Flat Concrete | 10 18.3 2.8 2.4 21.6
Steel-framed office | Framed 7 World 35.5 Non unit 12 Stud Steel/wood | Concrete Flat Concrete | 10 17.6 0.8 24.4 74.2
Light clad apt Framed 8 World 2-5 Non unit 12 Stud Steel/wood | Concrete Flat Concrete | 10 21.9 0.6 2.7 16.2
Light clad hotel Framed 9 World 2-5 Non unit 12 Stud Steel/wood | Concrete Flat Concrete | 10 23.9 1.3 24 28.0
Light clad office Framed 10 World 2-5 Non unit 12 Stud Steel/wood | Concrete Flat Concrete | 10 33.7 0.6 26.7 112.0
Central pylon office | Framed 11 World 2-5 Non unit 12 Stud Steel/wood | Concrete Flat Concrete | 10 33.7 0.8 26.7 264.0
Brick infill house Framed 12 World 23 11.5x23 11.5 11.5%x23 Brick | Concrete Flat Concrete | 10 13.9 29 1.9 11.6
Terra cotta infill
house Framed 13 World 25 25 x40 11.5 11.5x23 Brick | Concrete Flat Concrete | 10 10.1 2.9 1.9 11.6
CMU infill
store/apartment Framed 14 World 20 20 x 40 10 10 x 20 CMU | Concrete Flat Concrete | 10 13.4 3 2.7 40.0
Brick infill store Framed 15 World 23 11.5x23 12 Stud Steel/wood| Wood Flat Concrete | 10 20.8 1.8 3.6 27.0
CMU infill
industrial/storage Framed 16 World 20 20 x 40 20 20 x 40 CMU | Concrete | Pitched Steel 0.2 2.5 9.1 2.0 592.0
Terra cotta infill
industrial/storage Framed 17 World 25 25 x40 12 Stud Steel Concrete | Pitched Steel 0.2 2.5 9.1 2.0 592.0
Brick infill
industrial/storage Framed 18 World 23 11.5 x23 12 Stud Steel/wood| Wood Flat Concrete | 10 2.5 9.1 2.0 592.0
Brick infill school | Framed 19 World 23 11.5x23 12 Stud Steel/wood | Concrete Flat Concrete | 10 20.9 0.7 11.5 68.6
Light-framed
industrial/storage Framed 20 World 0.2 Non unit None Stud Steel/wood | Concrete | Pitched Steel 0.2 44 7.4 8.0 105.0
Double light-framed
industrial/storage Framed 21 World 0.2 Non unit None Stud Steel/wood | Concrete | Pitched Steel 0.2 44 5.7 2.5 950.0

Note: 12 cm includes air space between studs. Non unit: wall not composed of masonry units. Regional: Northwest Europe, North America, Japan, tropics.




6. An Overview of the UTBT Catalog by Method of Construction and by
Function

The UTBT catalog is organized based on a melding of both morphology (the physical
characteristics of buildings) and function (a building’s use). Knowledge of both are essential to
urban operations in order to know the arrangement, shape, and dimensions of a building’s
interior as well as its setting in the urban environment.

Morphology is more important than function considering that the battlefield’s physical aspects at
the beginning of urban operations during a conflict far outweigh the building’s functions prior to
the start of the conflict. Here, emphasis on morphology is intended to counter the literature’s
often overly generalized focus on function alone, e.g., industry, retail, or residential.

While the broader term “urban morphology” comprises all physical aspects of a city (ranging
from street dimensions, pattern, and trafficability to other non-built-upon surface space, buildings,
and monuments), this document focuses on the morphology of buildings.

The primary forms of building construction are mass and framed. A major distinction is made
between mass construction—where walls have to be stout as they need to bear both live and dead
loads of walls, floors, and roof—and framed construction where it is the frame that bears all
loads, allowing walls to be thin and lightweight. Figure 1 is used here to provide a basic
organization of building construction types.

For mass construction, the primary components are unit masonry and concrete. The former
refers to walls built with units, i.e., stone, adobe, brick, and CMUs. Concrete walls are made by
pouring the material into forms where it hardens into walls and other shapes. A CMU wall,
when grout fills cavities in the blocks, is, in effect, a concrete wall.

Framed construction differences are based on the type of frame being employed, e.g., wood,
steel, or reinforced concrete. The catalog outlines both frame materials and configuration, and
cladding- and infill-material characteristics.

There are some exceptions to the generalized construction types listed in figure 1 whose emphasis
is on wall vulnerability. Construction of some buildings employs features of both mass and
framed construction. Commonly seen forms of construction are (1) use of a mass construction
foundation on which sits a framed structure (figure 2); (2) a mass-construction (reinforced
concrete) end wall of a high-rise steel-framed building (figure 3); (3) a shear wall in the
basement of a framed structure (figure 4); and (4) a wood-framed building resting on a
reinforced concrete base (figure 5). Another example is the central pylon type of construction
for some high-rise framed buildings (see section 12, framed 11-1) which uses a mass
construction reinforced-concrete central unit (a pylon) onto which frame members are attached.
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An everyday U.S. example is that of a wood-framed house or other small building supported by a
concrete perimeter foundation.

Mass Construction

:iuhiT-

Framed Construction

Framed
Construction

Wood Steel or
Post & Reinforced
Lintel Concrete Frame
Half I !
a Light i
Timbered Wood ey i
Cladd
HEnm Cladding aading
_I_rerra Cot
Wood i i
) Brick Glass, Brick
Sﬁtug::_o Sheathing compos- Veneer,
eathing ite, Lt. Concrete
Aggregate,
thin stone
sheet

Figure 1. Mass construction (red) is intended to imply buildings that have
walls that bear significant weight (both dead and live loads), i.e.,
“load-bearing walls.” Framed construction (blue) indicates
structures in which a frame carries the required loads.
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Figure 2. A half-timbered frame house
resting on a stone ground floor.

Figure 3. The reinforced concrete end
wall of a steel-framed high-
rise office building.
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Figure 4. Reinforced concrete shear walls in the basement parking area
of a framed building while under construction.

Figure 5. Wood-framed structure being built upon a reinforced concrete
base. This is the same structure as in figure 4, at a more
advanced state.

The following comprehensive list (table 7) groups universal building materials employed in each
type of construction. Almost all are represented in the catalog (with the exception of infrequently
occurring types, €.g., a log load-bearing wall [log cabin]).
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Table 7. Comprehensive list of universal building materials in mass and framed construction.

Mass Construction

Formed, Shaped Material
Concrete
Poured in situ or off-site
Without reinforcement
With reinforcement
With steel rebars
With webbing

Unit Masonry

Stone
Rubble (natural, irregular shape)

Ashlar (shaped or dressed)

Brick

Mud brick (adobe)
Kiln-dried brick

Triple brick
Quadruple and more brick
CMUs
Structural terra cotta
Brick and block (see U.S. Army Human
Engineering Laboratory Technical
Memorandum 30-78)
Poured-in-place concrete with pilasters
Stone over concrete
Stucco over brick
CMU with brick veneer (brick over block)
Log load-bearing wall

Framed Construction

Steel of R/C Framed
Post and beam Light-steel frame
With infill walls Corrugated sheathing
Wattle Steel
Balloon and platform Asbestos
Siding
Boards Cladding
Brick Heavy clad
Stucco Brick
Stone
Concrete
Terra cotta
Light clad
Glass
Foam concrete
Aluminum
Sheet stone
Fiberglass
Unspecified
R/C with infill walls
CMU
Brick
Terra cotta
R/C mass central pylon
With steel columns and beams

Wood Framed

Note: CMU = concrete masonry unit. R/C = reinforced concrete.

Organizing the catalog’s 44 building types by function (but grouped under construction types)
yields the following list (table 8):
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Table 8. Building types by function grouped under construction types.

Residential (Mass Construction)

Stone house

Triple brick house

Middle Eastern house

Row house

Brick apartment

CMU house

Brick over block

Unreinforced apartment with stone facing

Residential (Framed Construction)

Half-timbered house

Light wood-framed house with wood siding

Light wood-framed house with brick veneer

R/C-framed light-clad apartment building

R/C-framed with brick infill house

Hotels (Mass Construction)

Brick hotel

Box-wall principle apartment building

Hotels (Framed Construction)

Steel-framed heavy-clad hotel

R/C-framed light-clad hotel

Offices (Mass Construction)

Brick office

Offices (Framed Construction)

Steel-framed heavy-clad office building

R/C-framed light-clad office building

Central pylon office building

Retail (Mass Construction)

Mud brick store

Brick store

CMU store

Poured-in-place concrete store

Retail (Framed Construction)

Half-timbered store

Light wood-framed store

R/C-framed brick infill store

Industrial (Mass Construction)

Brick industrial/storage building

CMU industrial/storage building

Tilt-up industrial/storage building

Industrial (Framed Construction)

CMU infill wall industrial/storage building

Terra cotta infill wall industrial/storage building

Very light steel-framed industrial/storage building

Very light steel-framed double industrial/storage building

Institutional (Mass Construction)

Stone church

Brick mosque

Institutional (Framed Construction)

R/C-framed with brick infill wall school

Note: CMU = concrete masonry unit. R/C = reinforced concrete.
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7. Catalog Organization

The catalog body consists of a series of four groups of plates for each of the 44 UTBTs. Plate 1
consists of just a single entry (see figure 6). Plate groups 2, 3, and 4 contain from 5 to 12
detailed plates. The number varies with the building type’s complexity.

* Plate 1: Place of the building type among major world types.

* Plate group 2: Elevation. Common building elevations for the type, including venting and
roof types.

» Plate group 3: Floor Plan. Detailed floor plans for each of the 44 types, including
hypothetical projectile paths and the interior walls encountered.

» Plate group 4: Construction Features. Type and dimensions of materials and method of
construction.

8. Plate 1: Place on the Building Construction Chart

Mass construction chart.
Circled box: Box-wall

£ principle construction.

Example building type
in Prague.

Where, globally, this
< construction type is
commonly found.

Figure 6. Place on the building construction chart.
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This example of a plate 1 (figure 6) begins the series of plates for each UTBT and can be seen in
full size as catalog plate 22. Each plate 1 (of 44) consists of the type of construction (circled on
the chart), an international photo example, global occurrences of the construction type, and an
explanatory commentary.

9. Plate Group 2: Elevation

Profile drawings (elevations) have long been used by architects to demonstrate a planned project
for clients. These show window and door placement and, at scale, record venting and other
dimensions. All elevations are tied to floor plans. In the catalog, as many elevations as
necessary are given for each building type. If front and rear are identical, only one elevation
appears. If front, rear, and sides vary, all elevations are shown. Detailed examination and
analysis of venting (as depicted in the elevation plates) and roofs (also appearing in the elevation
plates) leads to findings as given in the following pages.

9.1 Venting: Windows and Doors

The term venting comprises windows and doors. Venting, in addition to allowing the passage of
air through a building, provides lighting, ingress/egress (persons and, in some cases, vehicles),
fire safety, and, where appropriate, display of goods or information. Measurements of both
windows and doors by building type are included here, shown both separately and in
aggregation. See the appendix for 132 measured venting types.

In response to concerns from the urban operations community, the following building
characteristics are included in the catalog:

1. Representatives of all UTBTs are measured.
2. Major function types are covered (e.g., residential, commercial, and industrial).
3. Representative buildings from throughout the world are offered.

4. Distinction is made between building elevations, front, back, and side, considering that the
number and distribution of windows on commercial buildings in cities are far greater on the
front than the rear. Often, when buildings are attached (a UTZ grouping), abutted buildings
have no side wall venting at all.

5. Building setting (location with UTZs) is important when considering buildings as artillery
targets susceptible to air attacks.

6. Differences between the ground floor and upper floors are also considered. Except for
some unusual circumstance, doors can be only at ground-floor level. Accordingly, the
proportion of door openings to total exterior wall area in tall buildings is quite small.
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9.1.1 Building Construction Type Differences (Mass vs. Framed)

Inherent and essential differences in venting result from the restricting limitations present in
mass buildings but not occurring in framed construction. Mass buildings, drawing their support
and integrity from the strength and thickness of their load-bearing outer walls—thus having the
ability to support the dead load of wall, floor, and roof, plus the live loads of humans and
materials—cannot afford to have wall integrity diminished by windows without certain
principles being followed. First, windows and doors must be aligned vertically, leaving the
undisturbed wall space between to support loads. Second, integrity reduction caused by the
window opening must be replaced with some support, such as a lintel above the window (its load
being distributed on both sides of the window), or with an arch above the window (both are, in
effect, bridges across openings in the wall). Third, the corners of mass buildings cannot have
windows, for it is at the corners with their right-angle joining that the mass buildings are the
strongest and are able to carry much of the total load. The result is that mass buildings will have
a smaller proportion of their walls devoted to windows than will framed buildings.

Framed buildings, where all loads are supported directly by columns or directed to the columns
by beams, can have as much wall space devoted to windows as the building designer chooses. In
some instances, virtually all exterior walls could be of glass, though requirements of a building’s
function normally dictate otherwise. Considering that frame members of these buildings bear all
loads, while walls (cladding or infill) bear no loads, windows can be placed anywhere on the
building’s exterior walls, even at the corners. They do not need to be aligned vertically and may
be of any size, shape, or variety, as is often called for by the architect to achieve aesthetic effects.

Recognizing these characteristics, this report groups all venting data first by major building
construction type (mass vs. framed) and then by generalized function.

9.1.2 Generalizations on Windows and Doors Relative to Building Function

Used in the study are the building functions of houses, apartments, hotels, offices,
industrial/storage, and, in the case of mass construction buildings, a class called large masonry
structures (churches, mosques, and some institutional buildings).

Window size, shape, and pattern respond to a building’s function. Thus:
» Retail stores have large windows to display merchandise.
* Storage buildings have few or no windows.
+ Office buildings are designed to provide natural light to workers.

* Industrial buildings have various lighting requirements. Some prefer abundant natural light
for factory workers while other industrial functions require little or no natural light.

* Apartments require that each room have some natural light (sometimes by employing a
light well) for air circulation, light for activities, and safety.
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* Houses have the same requirement. In recent years in advanced countries, window
openings are restricted by building code for energy conservation purposes.

The opportunities and constraints imposed by building construction type to match these basic
needs are discussed in detail in following sections.

9.1.3 Venting Measurements

Key venting items are window and door dimensions; the proportion of wall space occupied by
venting; and forms and patterns of venting seen in various morphological and functional building
types. Data were obtained by making measurements from a broad range of buildings (located in
urban areas throughout much of the world) in 71 cities located in 41 separate countries.

Specifics are in noted in table 9.

Also considered in the selection of measured buildings was the age of structures. Some are
several centuries old, some are of recent vintage, and several are under construction (where
construction method is revealed).

Buildings of the same function, e.g., hotels, in both mass and frame construction are represented.
This shows that the same function may have similar window patterns in either mass or framed
construction. In another observation, the lack of constraint on window placement and size in
framed buildings results in very large window areas, e.g., modern high-rise glass-curtain wall
buildings, structures that are the mode in redeveloped city core areas, and buildings in clusters at
major airports and in other outlying commercial developments.

9.1.4 Data Organization

Venting measurements were made using photographs of buildings in cities throughout much of
the world. In addition to the 44 buildings shown in the catalog plates, another 49 are
incorporated and are referred to collectively as the world set. Data from the 44 plates record
venting on all sides of a building. Only front wall venting is measured for the additional

49 plates. Data, organized by building construction type and function, appear in table 10.
Combined figures for doors and windows appear in table 11. Separate tables provide data on
components of tables 10 and 11, and are listed as:

» Table 11: Percent windows of mass and framed construction buildings in the world set.

» Table 12: Percent windows for specific building types of mass construction buildings in
the world set.

» Table 13: Percent windows for specific building types of framed construction in the world
set.

» Table 14: Mean window dimensions by groups for mass and framed construction types.

The complete set of window measurements (83 mass construction and 59 framed construction
buildings) appears in the appendix.
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Table 9. Cities and countries where venting measurements were taken.

Region Country Cities
Andorra Andorra
Austria Linz, Vienna
Czech Republic Prague
Finland Helsinki
France Chartes, Limoges, Paris, Reims
Germany Berlin, Braunschweig, Bremen, Falkenberg, Hammelburg, Koblenz, Salzgitter
Gibraltar Gibraltar
Europe Greece Athens
Hungary Budapest
Italy Rome, Castellina
Netherlands Rotterdam
Norway Stavanger
Portugal Lisbon
Spain Seville
Sweden Helsingborg, Norrokoping, Uppsala
United Kingdom Bath, Canterbury, Edinburgh, London, Wilton
Subtotal 16 33
China Guilin, Shanghai
Hong Kong Hong Kong
India Chenai (Madras), Delhi/New Delhi, Mumbai (Bombay)
Iran Tehran, Elburz Mountains
Israel Haifa, Jerusalem, Tel Aviv
Japan Tokyo
Asia Macao Macao
Malaysia Kuala Lulmpur
Philippines Manila
Singapore Singapore
Sri Lanka Colombo
Thailand Bangkok
Vietnam Ho Chi Minh City
Subtotal 13 19
Costa Rica Heredia, Puntarenas, San Jose
Mexico Juarez
Latin America Panama Panama City
Peru Lima, Andes Mountain village
Virgin Islands St. Croix
Subtotal 5 8
Africa Egypt Cairo, L.uxor
Tunisia Tunis
Subtotal 2 3
Australia Sydney
Australia, NZ | New Zealand Auckland, Wellington
Yap village
Subtotal 3 4
. Canada Edmonton
North America United States Baltimore, Philadelphia
Subtotal 2 3
Total 41 70
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Table 10. Windows as a proportion of front walls (grouped by construction and function type).

Windows as a Proportion of Front Walls UTBT and
World Set Aggregated by Groups (Construction and Function Type)
Mass Construction Framed Construction
No. of Percent Mean No. of Percent Mean
Group Examples Range Percent Examples Range Percent

Houses 39 3.9-22.3 11.1 7 7.8-13.1 10.7
Apartments 17 10.4-34.3 17.6 13 9.9-39.4 21.0
Hotels 6 12.4-37.3 16.9 20 12.1-38.0 22.6
Offices 10 9.9-20.5 15.0 19 11.3-58.8 343
Industrial/storage 7 5.6-27.4 18.1 9 1.3-7.2 3.9
Large masonry buildings 13 5.1-24.4 8.5 — — —
All buildings 92 3.9-373 134 68 1.3-58.8 21.3

Note: UTBT = urban terrain building type.

Table 11. Windows and doors as a proportion of front walls (grouped by construction and function type).

Windows and Doors as a Proportion of Front Walls UTBT and
World Set Aggregated by Groups (Construction and Function Type)
Mass Construction Framed Construction
Percent Percent

Percent Percent | Windows Percent Percent | Windows

Group Windows Doors and Doors | Windows Doors | and Doors
Houses 11.1 4.7 15.5 10.7 4.5 15.5
Apartments 17.6 5.4 19.9 21.0 4.0 20.6
Hotels 16.9 35 232 22.6 2.2 233
Offices 15.0 3.0 18.6 34.3 2.1 34.3
Industrial/storage 18.1 5.7 14.3 3.9 19.8 16.8
Large masonry buildings 8.5 33 10.8 — — —
Mean percent 13.4 4.4 16.7 21.3 4.2 25.3

Note: UTBT = urban terrain building type.

9.1.5 Data Analysis

The data in table 10 are grouped by construction type and function.

The functional types listed (houses, apartments, hotels, offices, industrial/storage, and large stone
buildings [mass only]) are universal. The data show relationships between function and
construction type.

All percentages are mean, not median, and are broadly representative. Data are not just a mean
of the percentages. For example, the figure 11.1% for mass construction houses is the mean for
all 39 house examples.

The mean percentages that windows form of houses’ front walls are almost identical in both mass
and framed construction houses (11.1% mass vs. 10.7% framed). Common house architecture
and style are more important than the construction method. The universal practice of providing
windows to each room is evident. In addition, window size is a near constant for rooms of
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various functions (covered in table 14). Bedroom windows are small for privacy and to limit
light. By design, kitchen windows are also fairly small. Bathroom windows are even smaller.
The largest windows are in the daytime living areas, the living room, the great room, etc. The
opportunity to have large windows with framed buildings and their non-load-bearing walls is not
taken.

The same principles apply to some degree for apartments, but the percentage differences

(17.6% mass vs. 21.0% framed) are accounted for by the fact that framed apartment buildings are
often modern-design high-rise structures with large windows enhancing the total appearance of
the building. And, especially in upper floors, there is less concern for privacy than in a low-rise
building where “view” apartments are desired (and always command the highest rent). The
window figure for mass apartments (17.6%) is higher than that for houses (11.1%) thanks mainly
to the practice of having glass occupy nearly all of the outer wall of a “box” in box-wall construction.

The figures for hotels (16.9% mass vs. 22.6% framed) show a similar pattern. Not only are large
windows seen as desirable, but individual hotel rooms in modern framed construction hotels are
larger than those found in older mass buildings. (Small room size has posed a special problem in
bringing old hotels up to modern standards.)

Differences between the two forms of construction show markedly when comparing window
percentages for offices (15.0% mass vs. 34.3% framed). Part of this difference is that abundant
light was always desired in old masonry buildings, but the structure limitations would not allow
it. Another reason is the sea change that has occurred in the design and use of offices. Prior to
about 1950, office buildings were designed for a market of individual professionals renting
single offices. In modern times, with large corporations as major players, offices are designed to
have large, open bays with space divided (if at all) with low partitions, i.e., “cubicles.”

The reverse is seen with industrial/storage buildings (18.1% mass vs. 3.9% framed). The older
buildings (mass) supported functions, such as a textile factory, that needed as much natural light
as possible, especially in the early days of electricity. (Largely abandoned factory buildings in
New England are good examples.) Modern framed structures, especially large-volume buildings,
rely on artificial light, and, in many instances, require a controlled environment.

The entry for large masonry buildings can, by definition, mean only mass construction buildings.
Here, the small figure of 8.5% reflects in part the unwillingness to devote much space to
integrity-robbing windows and in part to window technology before large plates of glass were
viable. The use of small pieces of stained glass in churches is a good example.

The aggregate totals of 13.4% for mass structures vs. 21.3% for framed is telling.

The data in table 11 are grouped by construction and function type. The proportion of wall space
devoted to doors is essentially very small, ranging from 2.1% to 5.7% for all structures,
excluding framed industrial/storage that has large openings to allow truck entrance. Architects
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keep door size to a minimum for security reasons. Doors must be lockable and generally entry-
proof. Guards are posted in critical instances.

One reason for differences between morphological/functional building types is simply building
height. Low buildings have a higher proportion of doors to walls than do tall buildings. A good
example are the figures for houses vs. a tall (framed) office building. The proportion of doors in
houses is 4.7% for mass and 4.5% for framed construction, while the framed office class has a
door proportion of only 2.1%. Mass construction hotels have 3.5%, but framed hotels, owing to
their greater number of floors, typically have only 2.2%. Aggregate figures for all functions are
only 4.4% for mass and 4.2% for framed buildings.

The figures for doors and windows combined contributes little to the figures for the proportions
of windows (as seen in table 10) due to the relatively low figures for doors.

9.1.6 Discrete Construction Type Buildings by Function

Window-to-wall proportions for specific construction/function forms (table 12 for mass
construction and table 13 for framed construction) vary somewhat from the aggregations
reported in the previous two tables.

Table 12. Mass construction buildings.

Windows as a Proportion of Front Walls World Set
by Specific Mass Construction Building Types
Mass Construction
No. of Percent Mean
Specific Buildings Examples Range Percent

Houses

Stone houses 6 4.6-12.5 7.8

Adobe house 1 — 6.5

Brick houses 12 5.3-22.3 13.9

Brick row houses 6 5.4-16.5 12.1

CMU house 6 3.9-15.3 10.1
Apartments

Brick apartments 9 10.4-16.9 13.1

Box-wall apartments 6 13.7-34.3 24.2
Hotels

Brick hotels | 5 | 124221 | 169
Offices

Brick offices | 9 | 99205 | 150
Industrial/Storage Buildings

Brick 5 6.4-27.4 18.1

Large masonry buildings 12 1.6-19.1 8.5

Total Number of Buildings: 77

Note: CMU = concrete masonry unit.
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Table 13. Framed construction buildings.

Windows as a Proportion of Front Walls World Set
by Specific Framed Construction Building Types
Framed Construction
No. of Percent Mean
Specific Buildings Examples Range Percent

Houses

Wood framed 4 7.8-11.2 9.1
Apartments

Light-clad curtain wall 6 13.3-394 27.2

Light-clad infill wall 6 9.3-21.3 15.7
Hotels

Heavy clad 9 12.1-30.9 18.3

Light-clad curtain wall 6 10.7-44.2 21.8

Light-clad infill wall 3 15.9-353 28.1
Offices

Light-clad curtain wall 9 16.3-58.8 41.1

Light-clad infill wall 6 11.3-34.9 22.6
Industrial/Storage Buildings

Light clad | 6 | 2172 | a4

Total Number of Buildings: 55

For mass-constructed houses (table 12), stone houses (7.8%) and adobe houses (6.5%) have very
low window-to-wall percentages. While the form of construction would allow for more and
larger windows, other restrictions emerge. Many of these structures are found in poor areas
where providing windows represents an unacceptable construction expense. Security is also a
factor (a good example are the small windows seen in American frontier log cabins). Another
factor is a requirement for as much insulation as possible in desert climates. Finally, in the case
of adobe dwellings in Muslim countries, privacy needs are paramount; lighting and ventilation in
these cases normally come from a central courtyard and not from windows facing the outer
world.

Brick houses, on the other hand, with their higher average window-to-wall percentages (13.9%),
are located in the modern Western world and in higher latitudes where lighting needs dominate.
Average figures for window percentages here are in the neighborhood of twice those of stone
and adobe houses. Figures for row houses (12.1%) and CMU houses (10.1%) show nearly the
same differences.

The apartment class has two very different forms of construction, even though they both fall
under the rubric of mass. The brick apartments (13.1% window) use unit masonry construction
while the box-wall buildings (24.2% window) are made of poured concrete slabs. Brick walls
have the usual restriction that wall integrity cannot be compromised while box-wall cells have
one open end devoted almost entirely to a window.
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The figures for brick hotels, brick offices, brick industrial/storage buildings, and large masonry
buildings are repeated from table 11.

The opportunities afforded through the use of frame construction to provide windows larger than
those associated with mass construction are clear with only houses having small proportions (just
9.1% for wood-framed houses and industrial/storage buildings with 4.4%, contrasted with
double-digit figures for the other building types). Again, style and human scale dominate.

Table 13 makes a distinction between windows that are a part of cladding of a framed structure
as opposed to situations where a window forms part of an infill wall. Cladding is applied on the
outside of a building’s frame while infill walls or windows fill the space between columns and
beams.

For apartment buildings, curtain walls have a higher proportion of windows than do those with
infill walls (27.2% vs. 15.7% for infill walls). For the hotels measured, however, the infill walls
have a somewhat higher proportion of windows (28.1% to 21.8%). These numbers are appreciably
higher than the window proportion of heavy-clad hotels (18.3%). For offices, as would also be
expected, curtain walls have a higher percentage of glass (41.6%) than do infill walls (22.6%).

9.1.7 Window Dimensions

Several factors affect window size. Building morphology, i.e., mass vs. framed, provides one set
of parameters, and building function forms the other.

As noted earlier, buildings of mass construction have the limitation that reduced wall integrity
restricts the number and size of windows—framed structures have no such limitation. A curtain
wall of a framed building can be all glass, although in practice, opaque glass usually masks floor
ends and structural members.

Table 14 reveals significant differences in window size for some building construction types and
functions, and very little for others. Little difference is seen for houses whether they are mass or
framed (1.2 m? for the former, 1.9 m” for the latter). Looking at the range of sizes, the size of
windows in a house is in direct response to the need and desirability for lighting and ventilation
for the various room functions. Daytime occupancy rooms favor larger windows than do
sleeping rooms, kitchens, or bathrooms.

The same reasoning applies to apartments, although box-wall apartments will often have large
windows at the exposed end of the box, contributing to the aggregate figure for mass apartments
(2.4 m?), while framed apartments are similar at 2.7 m*.

With hotels, the range is also fairly close (1.9 m? for mass to 2.4 m? for framed). That the
differences are as close as they are reflects the small windows of masonry-styled, heavy-clad
framed buildings, even though windows physically could have been designed larger. Also,
windows in some modern framed buildings are kept intentionally small where a factor, such as
heat preservation in cool climate areas, is a consideration.
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Table 14. Mean window size in square meters (grouped by construction and function type).

Mean Window Size in Square Meters by Groups (Construction and Function Type)
Mass Construction Framed Construction
No. of No. of
Group Examples Range Mean | Examples Range Mean
(m) (m’) (m) (m’)
Houses 21 0.5x05t01x2 1.2 9 I x1to2x2 1.9
Apartments 8 0.75x15t01.5x3 | 24 17 Ix1tol.5x3 2.7
Hotels 5 Ix1.5t015x2 1.9 24 1 x1tol1.5x%x3.5 24
Offices 10 Ix15t01.5%2 2.1 16 1x2to1.5x40 26.7
Industrial/storage 5 1x25t02x25 3.8 7 Ix1tol5x5 2.5
Large masonry buildings 11 0.7x1to2x2 2.2 — — —
All buildings 60 0.5x05t02x2.5 1.9 73 0.5x1to1.5x40 7.8

The greatest difference in window size is seen with mass construction vs. framed construction
offices. Windows of the former average but 2.1 m?, while the aggregate for framed buildings is
26.7 m”. Many of the glistening high-rise office buildings in major cities throughout the world
will have very high proportions of glass, around 50% and more (see photo examples in the
appendix).

Window sizes for industrial/storage buildings reverse the previous situation in that the mass
construction buildings have larger windows than do modern framed structures because building
users were seeking natural illumination for the manufacturing processes conducted within. In
addition, buildings were smaller and especially narrower, thus allowing greater natural light to
penetrate interiors. Windows on walls of modern industrial/storage buildings would be of little
use.

Windows in large masonry structures are traditionally very small (at 2.2%). Some of this is a
function of style, e.g., the long, narrow windows of Gothic-style European cathedrals.

9.1.8 Window Thickness

The thickness of window glass, thus the strength, is a function of overall window dimensions.
Small-area windows are thin, and big windows must be thicker and stronger. House windows
are about 2 mm thick, apartment windows range from 2 to 4 mm, and hotel windows range from
3 to 6 mm. The office windows of high-rise structures range from 6 to 9 mm, where resistance
to high winds is a factor. Several forms of protection have been devised.
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9.1.9 Window Patterns

The arrangement of a building’s windows produces certain replicating patterns. These result in
part from the form of construction (mass or framed) and in part from the functions the building
serves. For some functions, an architect has several choices. For instance, a modern-framed
high-rise office building might have windows placed in long horizontal rows (the spandrel
pattern, figure 7), or windows may simply be infills among columns and beams (figure 8).
Alternatively, the windows may be bounded by vertical mullions (figure 9) or placed on the
outside of the frame members as curtain walls (figure 10).

Figure 7. A framed, light-clad office building with
a spandrel window pattern. Glass, both
clear and opaque, lies between vertical
mullions.

In other functions, such as a framed, heavy-clad, or brick masonry hotel, the structure must
provide a window for each guest room, resulting in an easily recognizable pattern. In the case of
brick masonry construction, the windows must be aligned vertically so as to maximize wall
integrity. Framed, heavy-clad buildings followed masonry style. Relating windows to room
function is seen with houses. Observed from outside, window size and placement provide ready
clues to the floor plan of a house.

While great variety within window pattern types is found, the following figures will serve to
define the general types of patterns.
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Figure 8. Windows set in between column and beam
members in a framed office building form an infill
pattern.

Figure 9. An example of a curtain wall being placed on a R/C-
framed office building. Glass, clear and opaque, is being
placed between narrow spandrels and mullions.
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Figure 10. Clear and opaque glass form a curtain wall being
installed on a framed office building.

9.2 Roofs

A building’s roof—a component of its elevation, its configuration, and its composition—is of
key interest to the urban operations community. This report provides geographic distribution of
various roofing materials in theaters throughout the world, the morphological and functional
types and characteristics of buildings involved, the physical characteristics of the roofing
materials themselves, and the shapes of the target roofs. An unanticipated benefit from a focus
on roofs is the development of principles involving the nature of building construction, the
relationships to climate, the tie to a region’s customs, and the presence of various roof types to
the level and history of economic development, especially in developing nations.

9.2.1 Method

Examples of the physical shapes of roofs come from a spectrum of cities in various world
regions, i.e., Europe, the Middle East, Northeast Asia, Latin America, and Tropical Africa.
Cities selected for observation within these regions are listed in table 15.

Visual images came from various sources. For Bremen, a book of aerial oblique photos was
most useful, especially when combined with ground truth photographs. For Uppsala, local
knowledge plus aerial photo coverage in both oblique and vertical form (supplied by the Swedish
government) were used. Cairo was covered by oblique air photographs and supplemented with a
Digital Globe satellite image. Ground truth photographs in Tel Aviv were supported with a book
of oblique air photos. An enhanced satellite image of Al Fallujah provided the required
information. An Ikonos satellite image of Kuwait City gave ample information. An Ikonos
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image of Shanghai was also used, supplemented with ground truth photos and oblique
photographs posted on the Web. For both Seoul and Pyongyang, a combination of satellite
views and oblique and ground photos from the Web were employed. For Panama City, an
Ikonos image supported ground truth photos. For San Jose, Costa Rica, a combination of vertical
air photographs, low-altitude oblique air photographs taken by Ellefsen, and ground truth photos
were used. Finally, for Lagos, an Ikonos image was supported by a Digital Globe image and
ground photos from the Web.

A standard procedure was followed in interpreting the information from the images used.

9.2.2 Analysis of Roof Shape

Conclusions can be drawn from examining the data in table 15, which is divided into (1)
similarities and differences by class of function, i.e., houses, apartment buildings, offices,
commercial buildings, industrial/storage buildings, and institutional buildings, and (2)
relationships to regional characteristics, especially the climatic factors of wetness and aridity.

Table 15 focuses on a basic distinction in roof morphology, flat vs. pitched roofs. Considering
that all roof forms must have enough slope for water to drain, the term “flat” is used to describe
roofs that appear flat to the casual observer. The minimum pitch for a flat roof to have drainage
is 20 mm in 1 m. Figure 11 shows a typical flat roof.

Table 15. Roof shapes in selected world cities.

Roof Shape: Selected World Cities Percentage Pitched Roof
Function/Land Use
Apartment Industrial
Region/City Houses Buildings Offices Commercial /Storage |Institutional
(%) (%) (%) (%) (%) (%)

Europe

Bremen 90-100 20-30 3040 60-70 20-30 90-100

Uppsala 100 80-90 90-100 50-60 80-90 100
Middle East

Cairo 0 0 0 0 20-30 0

Tel Aviv 80-100 1020 0 0 70-80 60-70

Al Fallujah 0 0 0 0 3040 0

Kuwait City 0 0 0 0 80-90 10-20
Northeast Asia

Shanghai 100 10-20 10-20 10-20 90-100 20-30

Seoul 100 10-20 10-20 0-10 80-90 80-90

Pyongyang 100 20-30 10-20 0-10 80-90 80-90
Latin America

Panama City 100 10-20 10-20 90-100 90-100 80-90

San Jose 90-100 20-30 10-20 20-30 90-100 90-100
Tropical Africa

Lagos | 100 | 0 | 0 | 0 | 90-100 | 90-100
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Figure 11. Typical “flat” roof with air conditioning and ventilation units.
Note tar paper strips, parapet, and slight slope to gable roof.

Pitched roofs vary in steepness from around 45° to 20°. In the building trades, roof pitch is a
term used to express the ratio of a roof’s vertical rise in inches (in the United States) to each foot
of run—the horizontal distance. A 3-in-12 pitch describes a roof that rises 3 in vertically for
every 12 in of horizontal distance.

Pitched roofs also have a distinctive morphology. See figure 12 for the five basic shapes.
The use of flat or pitched (and degree of pitch) varies in accordance with the following:

1. Climate and the need to protect a structure from heavy and frequent rainfall, or, in some
cases, to support heavy snow loads.

2. Availability of local materials for both roof structure and surfacing materials, and access to

modern building materials, e.g., steel rebar for constructing reinforced concrete roofs on
R/C buildings.

3. Relationship to construction type. For example, R/C roofs are practical for high-rise frame
or box wall construction where preparing a roof is simply a repeat of constructing another
floor, with the exception that the roof surface must have some protective material.

4. Tradition and style. To be aesthetically pleasing and to match a traditional look associated
with a region, pitched roofs are sometimes seen on a framed construction high-rise
building.
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Shed roof, a single plane roof with
little slope.

Gable roof of various pitches.

S\

Hip roof. The triangular
shape of the hip increases
strength. It is often used

in areas subject to high winds,
hurricanes, typhoons, etc.

Gambrel roof (from the term
used to describe a dog’s hind
legs). Often used in barns and
other buildings with a need to
enclose large volumes space.

DALY

Mansard Roof. Where
vertical part is used as a
vertical wall for the rooms it
encloses. Origin of the style
is from France where it was
used to bypass taxes.

Figure 12. Five basic roof shapes.

9.2.3 Analysis of Building Function

9.2.3.1 Houses. Looking first at houses (refer to table 15), we see manifestations of the previous
four principles. Pitched roofs dominate in the two European sample cities, Bremen and Uppsala,
with 90% to 100% for the former and 100% for the latter. Response to a damp marine West
Coast climate is one response, but historical tradition, tracing its roots to steeply pitched thatch
roofs, is also followed (see figure 13).

Houses in the Middle Eastern cities of Cairo, Al Fallujah, and Kuwait City have mainly flat roofs
that are not only a response to the dry climates in which they’re found, but also to the lack of
wood for rafters. In some Middle Eastern cities (such as Baghdad), the flat roofs may have a
wall running along the edge of the building (perimeter parapet). The flat roofs of houses in dry
climates are well demonstrated by figure 14 of Kano, Nigeria (located in the dry climate area of
the northern part of the country). Tel Aviv is the exception, where for free-standing houses
(probably because of the European origin of most of the country’s citizens) the preferred roof
type is pitched. Most are made with semicircular red terra cotta tile.
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Figure 13. European row houses with terra cotta tile pitched
roofs.

Figure 14. Mostly flat roofs on masonry structures in Africa.

33




Northern European institutional structures have historically pitched roofs (see figure 15). For the
Northeast Asian cities examined—Shanghai, Seoul, and Pyongyang—house roofs are all pitched,
accounted for by the generally moist summer climate, the snow in North Korea, and the tradition
of pitched roofs in temple buildings where roof shape has spiritual origins. Figure 16 illustrates
the point.

Figure 15. Northern European administrative/cultural building with
pitched roof.

The Latin American representative cities, Panama City and San Jose, also have predominantly
pitched roofs. Panama City, with its tropical rainforest climate (rainfall throughout the year), has
a special need for sloping roofs. A few flat roofs are seen in San Jose with its only seasonally
wet climate.

Finally, Lagos, also located in a tropical rainforest climate close to the Equator, has a practical
need for sloping roofs.

9.2.3.2 Apartment Buildings. The apartment class used here broadly comprises both low-rise
buildings (3 to 5 stories) and very tall buildings (50 stories). Both the form of construction
(often R/C framed with the taller buildings) and tradition come into play to explain the variances
in the proportion of pitched roofs in the different regions. For the European cities, Bremen has a
high proportion of flat roofs, especially in the extensive post—-World War II developments at the
edge of the city. Apartment buildings near the city’s center follow the regional tradition for
houses and have pitched terra cotta tile roofs. Uppsala shows this characteristic to an even
greater degree with its pitched roof apartments reaching 80% to 90% of all apartment roofs.
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Figure 16. Temple building in Thailand with typical pitched
roof.

The same three Middle Eastern cities that have flat-roofed houses also have all flat-roofed
apartment buildings. In Tel Aviv, however, thanks to a European-based population tradition,
some 10% to 20% of apartment buildings have pitched roofs.

In the Northeast Asian cities, the pitched roof tradition is observed somewhat in Shanghai and
Seoul apartment buildings. Their great number of modern R/C-framed high-rise apartment
buildings shows the fewest pitched roofs. Tall, flat-roofed apartment buildings also dominate in
Seoul and Pyongyang (see figure 17), although a few pitched roof buildings occur.

A small proportion of apartment buildings in the Latin American cities group has pitched roofs
(10% to 30%).

In Lagos, even though the tradition of houses is universally pitched, the modern apartment
buildings all have flat roofs.
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Figure 17. Flat-roofed high-rise apartment buildings in Northeast
Asia.

9.2.3.3 Office Buildings. One would expect tall, framed office buildings to have flat roofs. This
is essentially true, although some buildings have such roof structures as elevator housings and
air-conditioning-equipment protective shelters; some also have reinforced helicopter-landing
platforms. Exceptions on the list (table 15) are the European cities Bremen and Uppsala where
tradition reigns and climate must be considered. Interestingly, Beijing and other Chinese cities
have some office buildings with decorative pitched roofs (see figure 18).

Figure 18. Stylized pitched roofs on Asian
office buildings.
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9.2.3.4 Commercial Buildings. These structures are mainly lower-rise and are found in central
parts of cities and along major commercial streets. Being lower than the high-rise office
buildings, many have pitched roofs following the tradition of houses and some apartment
buildings. Roughly half of the commercial buildings in Bremen and Uppsala have pitched roofs.
A few (0% to 20%) are seen in the Northeast Asian cities. For the Latin American cities, 90% to
100% of Panama City’s structures have pitched roofs because of concern with its often heavy
rainfall. San Jose, with less of a rain problem, has some 20% to 30% pitched roofs.

9.2.3.5 Industrial/Storage Buildings. Of all the building types in the table, industrial/storage
buildings, with only two minor exceptions, predominantly have pitched roofs, regardless of
location. The reason is straightforward. Most of these buildings—used either for the
manufacturing process, storage, or a combination—require a large volume of interior enclosed
space, are not internally subdivided into rooms of various sizes, and do not require air
conditioning. Pitched roofs, usually supported by trusses, are common. See figures 19 and 20.

Figure 19. Most of the industrial/storage buildings in this complex have metal pitched roofs.
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Figure 20. Metal-roofed industrial storage buildings in South America.

In the Middle East, where a great majority of buildings have flat roofs, high percentages of the
industrial/storage structures have pitched roofs. Cairo has 20% to 30%, Tel Aviv has 70% to
80%, Al Fallujah has 30% to 40%, and Kuwait City has 80% to 90%. A common occurrence in
an industrial complex is to see a flat-roofed structure housing the administrative offices (almost
always air conditioned) while adjacent industrial/storage buildings have pitched roofs. A similar
situation is seen in the Latin American cities of Panama City and San Jose, and in the African
city of Lagos.

9.2.3.6 Institutional Buildings. Institutional structures, such as governmental, religious, or
academic, have traditionally elected to use pitched roofs over flat for architectural and spiritual
reasons. Bremen and Uppsala both have classic-styled governmental structures. The Middle
East has numerous such structures (see figure 21). In Cairo, Al Fallujah, and Kuwait City, where
most other buildings have flat roofs, mosques, museums, and the like have non-flat roofs.
Tradition comes into play in Northeast Asia where temples and other monumental buildings have
classic, decorative pitched roofs (see figure 16). Panama City, San Jose, and Lagos show the
same favoring of traditional pitched roofs.
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Figure 21. Terra cotta pitched roofs on academic buildings in
the Middle East.

9.2.4 Worldwide Roof Constants

Although aberrations are inevitable when looking at building and roofing practices for cities
around the world, certain constants can be identified.

1. Houses in rainy areas have pitched roofs, and those in arid areas have flat roofs.

2. High-rise office buildings, hotels, etc., commonly are light-clad framed structures or box-
wall principle structures and, accordingly, have flat roofs, unless some cultural factor
governs architecture.

3. Commercial buildings (stores for goods and services), especially along major streets or
roads, have flat roofs.

4. Industrial/storage buildings will mainly have pitched roofs.
5. Institutional buildings will also mainly have pitched roofs.

6. Modern high-rise, framed construction buildings have been erected in great numbers in the
developing world in recent decades, and most have flat roofs made with concrete.

7. Corrugated (and shaped) metal (steel, aluminum) is in wide use throughout the world for
industrial/storage buildings. These buildings normally have pitched roofs. They are
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especially common in wet tropical areas. The material is also frequently used in shanty
towns (see figure 22).

8. Corrugated and shaped composite roof sheets are also widely used.

9.2.5 Roof Material Types

9.2.5.1 Concrete. Concrete is commonly used for flat roofs and especially for R/C-framed or
box-wall buildings where the roof is simply another floor with weather proofing added. Foamed
light-weight concrete can take the form of shakes or planks and can be used for pitched roofs
when the underlying roof structure is made sufficiently strong. With flat roofs, factory-made
lightweight foamed concrete planks are often used and placed upon a supporting structure. Or, a
layer of concrete may be poured on top of a corrugated steel base, reinforced with a steel mesh
layer. A layer of felt is usually laid on top of the concrete with a layer of bitumen (asphalt and
coal tar pitch) atop that. A thin layer of gravel (10 to 13 mm) is placed atop the bitumen to
protect the felt and the bitumen. Figure 23 is an example.

Figure 22. Corrugated steel roofs on shanties in Asia.

9.2.5.2 Terra Cotta. Tiles of this material have been used since early times, taking a flat form, a
concave, or a convex form and laid on a pitched roof in an overlay pattern (with the covered part
thinner than the uncovered part); thickness varies from 10 to 20 mm. A mix of flat and convex
tiles is seen in the photo of rooftops in southern Europe (figure 24). Ribbed tiles are seen on the
hip-roofed house in South Asia (figure 25).

9.2.5.3 Wood. Sawn shingles and split shakes are commonly used where wood is plentiful or
can be imported at low cost.
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Figure 23. Concrete flat roofs on buildings in
the Middle East.

Figure 24. Terra cotta—tiled roof in southern Europe. Detailed photo shows a common practice of
convex tile placed over flat tiles.
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9.2.5.4 Metal. Steel and aluminum are used widely for roofing and fabricated into a great
variety of shapes, from simple corrugation to many forms of ribbing. Thickness is only 1 to

3 mm. A typical developing nation shanty in Asia shows ribbed galvanized sheet-metal steel in
various stages of rust (figure 22). Figure 26 shows a ribbed steel-pitched roof on the middle
house (terra cotta tile on the left house and rolled asphalt material on the flat roof on the right).
Corrugated steel is classed by the distance between the ridges; a common figure is a ridge to
ridge distance of 2 1/2 in with a 1/2-in-deep valley. Thickness is reported by gage.

Figure 25. Ribbed terra cotta tile hip-roof on a CMU construction in
South Asia.

Figure 26. Ribbed steel roof (middle), tile roof (left), and rolled roofing (right) in
northern Europe.
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9.2.5.5 Composite. Various fibers are combined with resins to form an effective roof material;
coir (from coconuts) and jute are used in India. Asbestos has been employed widely. Thickness
is usually greater than with metal, ranging from 4 to 8 mm. Sheets are often made of a
combination of asbestos fiber and Portland cement. The product is light gray in color and, as it
doesn’t require paint, it is readily identified in the field. Lightweight steel-framed
industrial/storage buildings will frequently use this material.

9.2.5.6 Brick and Stone. Brick and stone are used in dome and vault forms to enclose space.
They are also widely used in mosques and houses in arid Middle Eastern areas. Low brick
arches are used in conjunction with joists to form flat roofs; a veneer of concrete is put on top.

9.2.5.7 Wattle. Integrated with mud, this material is seen on many adobe houses in the Middle
East.

9.2.5.8 Thatch. A traditional roof material in Europe and elsewhere in rural areas, but not often
seen today.

9.2.5.9 Pitched Roof Support. Pitched roofs are supported by rafters on which purlins are
attached at right angles. Trusses may be required to support these.

10. Plate Group 3: Floor Plans/Room Dimensions

Floor plans are provided for each of the 44 building types. Planimetric plans are provided for
each building type, and, in some instances, isometric drawings (at 45°) are included to enhance
the visual perception of building interiors. For multiple floor buildings, the upper floor (in the
case of a two-story building) is provided, and for buildings with more than two floors, a
representative upper floor plan is given. Note that the terms ground floor and upper floors are
employed to be compatible with international standards. The U.S. usage of the term “first floor’
for the “ground floor” is not applied abroad where the term ground floor indicates exactly what
that suggests, with the first floor above the ground floor being designated the first floor, and so
on to the full height of the building.

b

Room dimensions are given in meters. Venting (windows and doors) is shown at scale, as are
dimensions of both exterior and interior walls. An example of a single-story industrial/storage
building is displayed in figure 27 (from plate framed 16-3-a in the catalog).
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Rear Doors: 4m wide 5m high
e —
Shipping and Receiving ‘

142m 4."
| ]

Warehouse
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"

6gm

Packing

Outer:20cm
grout-filled
hollow CMU.
with rebar in
alternate holes
Nine meters
high

122 m

—— 7.4 ——— P

Inner parti-
tions: 10cm
hollow CMU

20.70

Assembly

Manufacturing

15 cm hollow
steel columns,
supporting
roof trusses

||‘_ o _v_’|

m Columns

42 m P

Office

Figure 27. Planimetric floor plan and isometric rendering of an industrial/storage building.

Table 16 gives room dimensions by functional classes of the 44 building types (houses,
apartments, row houses, hotels, offices, industrial/storage buildings, retail stores, and
institutions). Specifics are given by type of room within these functions where applicable, e.g.,
living rooms, bedrooms, kitchens for houses and apartments/row houses.

Typical floor plan dimensions of length and width, extracted from the planimetric floor plans for
each building type, were used to calculate the average room area (in square meters). The average
room volume (in cubic meters) was calculated by multiplying the average room area by the room
height.

The number of rooms is given by type, as are range, area, height, volume, and type of UTZ
where found. The ranges in room sizes are narrow in residential cases but spreads are greater for
rooms located in hotel public areas, corporate offices, industrial/storage spaces, retail stores, and
institutions.

The room sizes recorded in table 16, although derived independently, are consistent with the
room measurements provided in other independent works such as Harold R. Sleeper’s Building
Planning Design Standards.
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Table 16. Room dimensions by function for worldwide buildings.

Room Dimensions: By Function for Worldwide Buildings
Number Average Average | UTZs Where
Function of Cases Range Area Height | Volume Found
(m) (m’) (m) (m’)
House
Living room 12 4 x4/8 x4 21.5 3 64.5 A3, Dc3, Do3
Bedroom 27 3 x3/4 x5 13.1 2.5 32.9 A3, Dc3, Do3
Kitchen 12 2x3/4 x4 10.8 2.5 27.1 A3, Dc3, Do3
Apartments/Row Houses
Living room 8 4x3/6 x4 20.1 3 60.4 A2, Dc2, Do2
Bedroom 10 3 x3/5x%3 12.9 2.5 323 A2, Dc2, Do2
Kitchen 11 2x2/4%x2 7.5 2.5 18.6 A2, Dc2, Do2
Hotels
Guest rooms 6 6x4/4%x3 17.8 3 53.5 Al, A2, Dcl
16 x 10/40 x
Public rooms 5 21 417.2 5-7 [2639.2 Al, A2, Dcl
Offices
Private 11 7 x4/8 x 6 37.9 3 113.7 |Al, A2, Dcl, Dc5
Pub/Corp. 8 8 x 8/30 x 20 2423 4-6 |1288.5 |Al, A2, Dcl, Dc5
Industrial/Storage
Functional spaces 10 7 x 5/40 x 25 428.0 6-8 |3032.4 A4, Dc4, Do4
Retail Stores 3 10 x 6/36/30 406.7 3-6 |2326.7 Al, A2, AS, Dcl
Institutional 4 7 x12/16 x 12 125.0 4 500.0 Dc6, Do6

Note: UTZ = urban terrain zone.

As would be expected, rooms in houses (living rooms, bedrooms, and kitchens) are all slightly
larger than those found in apartments and row houses.

In the main, house rooms in most parts of the world will be smaller than the U.S. average. Still,
they cannot be smaller than the minimum required for particular functions, considering that the
size of humans and furniture is virtually universal.

While dimensions for houses and apartments/row houses show relatively little variance, hotel
guest rooms show even less, considering the dedicated use of the rooms and the requirement for
hotel builders to attain maximum cost-benefit. Public rooms do, of course, vary with need and
function of the hotel (a hotel providing only guest rooms vs. a large convention/business-type
establishment). At any rate, volumes of public rooms in major hotels are large and on par with
many industrial/storage buildings or retail stores.

For large public space use or corporate offices—associated with framed high-rises—room size
and volume are often large. A not uncommon situation is to find a room the width of a
prestressed concrete beam (some 10 m) and the length of a few of these beams, giving a total
open area often exceeding 300 or 400 m” and broken only by cubicle partitions.
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The figures for the industrial/storage buildings reflect only the sample structures in this volume
and do not include truly large industrial structures, such as an automobile or aircraft assembly
plant.

Retail stores also range from the small examples herein (seen in crowded parts of developing
nation cities) to the largest “big box” stores.

The last entry, institutional, cannot include the largest (but relatively rare) enclosed spaces, as in
a major church or sports arena, but is intended to be representative of those widely encountered
average spaces, such as schools.

11. Plate Group 4: Construction Features

Construction features illustrated in this group of plates vary in accordance with the nature of the
particular type of construction. For mass construction (table 17), emphasis is placed on the types
and dimensions of the material—concrete, the masonry units of mud brick, kiln-dried brick,
CMUs, and terra cotta. Brick bonding types are also shown. Details are provided on concrete
panel walls as used in box-wall principle construction and tilt-ups.

Mass construction examples include (1) mud brick composition, dimensions, and how they’re
made; (2) materials and methods used in roofs of simple adobe buildings; (3) method of laying
triple brick walls using English bonding; (4) nature of ultra-thick brick walls as seen in
multistory brick buildings; and (5) composition and dimensions of R/C box-wall principle
buildings.

For framed construction (table 18), the emphasis is on the nature of the frame and either the wall
cladding or infill. Framed construction examples include (1) details on joining components of
post- and beam-wood construction; (2) the form and composition of heavy cladding on tall steel-
framed buildings; (3) the nature of central pylon construction used for some high-rises; (4)
variations in infill materials as used in R/C-framed buildings; and (5) nature of very light
corrugated steel walls in industrial/storage buildings.

12. The Catalog of Urban Terrain Building Types

The catalog is designed to serve as a reference to users interested in buildings as target types and
support to urban operations worldwide by providing information on typical structures and
construction types found in each region. Tables 4 and 5 provide the summary view of basic
forms of construction. Table 6 provides building properties, e.g., wall and material thicknesses,
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for the 44 urban terrain building types in one location for easy reference. The catalog offers

specific data on all of the 44 universal building types. This is achieved in the 122 plates covering

23 mass construction building types, and the 121 plates covering the 21 framed construction

building types.

Table 17. Mass urban terrain building types.

Twenty-Three Urban Terrain Building Types
Building No. of Building Type Name Building Material
Type Plates
Mass 1 5 Stone house Stone
Mass 2 6 Stone institutional building Stone
Mass 3 7 Adobe house Sun-dried mud brick (adobe)
Mass 4 8 Adobe store Sun-dried mud brick (adobe)
Mass 5 8 Triple brick house Kiln-fired brick
Mass 6 8 Triple brick Middle Eastern house Kiln-fired brick
Mass 7 8 Brick row house Kiln-fired brick
Mass 8 6 Brick apartment building Kiln-fired brick
Mass 9 5 Brick hotel Kiln-fired brick
Mass 10 5 Brick office building Kiln-fired brick
Mass 11 5 Brick store Kiln-fired brick
Mass 12 5 Brick mosque Kiln-fired brick
Mass 13 5 Brick industrial/storage building Kiln-fired brick
Mass 14 6 CMU house CMUs
Mass 15 5 CMU store CMUs
Mass 16 6 CMU industrial/storage building CMUs
Mass 17 5 Brick-over-block house CMUs and brick
Mass 18 7 Brick-over-block house German house Large CMUs and brick
Mass 19 6 Concrete with stone cover apartment building Poured concrete and stone
Mass 20 5 Concrete stone Poured concrete
Mass 21 6 Tilt-up industrial storage building Poured concrete
Mass 22 11 Box wall principle apartment building Concrete panels
Mass 23 5 Box wall principle hotel Concrete panels
Total Plates: 143

Note: CMU = concrete masonry unit.
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Mass 1-1 Place on Building Construction Chart

Stone Construction: House

Place on Building Construction Chart

International Example

I HOOIr, WIriere 1044 15 1ess.

Figure 28. Mass 1-1 place on building construction chart.
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Figure 29. Mass 1 elevation.



0¢

Mass 1-3-a Floor Plans

Stone Construction House

Floor Plan: Ground Floor and Upper Floor

Commentary

Stone houses were
built in pre-industrial times in
many parts of the world, and
especially where ample stone
resources were available and
substitutes, such as wood,
were not, and before the
advent of cheap, manufac-
tured brick. House plans
were usually simple, as in the
example. Most rooms served
several functions, and did not
include indoor plumbing. Win-
dow and door openings were
necessarily narrow as wider
ones would require heavier
use of some means for
replacing lost strength in a
load-bearing wall. Commonly
used were arches or lintels.
Another reason for keeping
doors and windows small is
the need for squaring walls
around openings through the
use of ashlar stone or brick.

48m

e Doors

Ground Floor

4.0m
Large room

o —

Lesser

room I

9m

Upper Floor

Large room

on ]

"

e \Vindows

Interior
load-bearing
stone wall
20 cm thick

Exterior
load-bearing
stone wall
40 cm thick

Figure 30. Mass 1-3-a floor plans.
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Figure 31. Mass 1-4 construction.
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Figure 32. Mass 2-1 place on building construction chart.
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A church in France.

Figure 33. Mass 2-2 elevations.

Shown here is a stylized example of a classic European church. Many
stone structures were constructed over a period of several hundred
years, ranging in architectural style from Roman through Gothic. The
photo example is of a church in France. Windows employed small
panes, often of stained glass. Dimensions are not included considering
the great variation in extant examples.
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Figure 34. Mass 2-3 floor plan.
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Figure 35. Mass 2-4-a construction.
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Figure 36. Mass 2-4-b construction.
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Figure 37. Mass 2-4-c construction.



8¢S

Figure 38. Mass 3-1 place on building construction chart.
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Figure 39. Mass 3-2-a elevation and isometric rendering.
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Figure 40. Mass 3-2-b elevations.
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Mass 3-3-a Floor Plan

Adobe House

Commentary Floor Plan of Typical Adobe Dwelling in Iran

Walls appear Thick adobe walls are used for strength and insulation

extraordinarily thick, |l 152m >
relative to room sizes, I
but are at scale.
These very thick

walls are used for - am - 4m —
strength and for insu-

lation in the arid cli-
mates where found ‘

(the Middle East, for
example; North

American examples
occur in Mexico and 8.8m 10.4
the US Southwest). m

Windows are T - 4m > T

few, or nonexistent
where houses have am am
open courtyards,
located either behind l

Y

front and rear exterior
walls, or as an atrium
near the center of the ' y
house. —_—

All walls are load-bearing and all are 80 cm thick.
ﬁouacoe&_ World Housing Encyclopedia Report (Rept.
0.104)

Windows

Figure 41. Mass 3-3-a floor plan.
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Figure 42. Mass 3-4-a construction.
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Figure 43. Mass 3-4-b construction method.
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Figure 44. Mass 4-1 place on building construction chart.
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Figure 45. Mass 4-2 elevations.
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Mass 4-3-a Floor Plan

Mud Brick Single Floor Store

Commentary

This is a single story mud
brick building. Its narrow
width (8.32 meters) accom-
modates the pole joists
(see Plate Mass 4-4-d )
without additional interior
support. Space is divided
into two equal parts. The
front, facing the street,
serves as a retail outlet; the
product sold is fabricated in
the rear section, which also
serves as storage for mate-
rials and products.

Load-bearing exterior walls
are 48 cm thick (a combi-
nation of a 30 cm stretcher
and a 15 cm header plus 3
cm of mortar). The interior
wall is also load-bearing
but only one withe thick (15
cm).

Ground Floor

Hand manufacturing, storage

8m

10.47 m

Figure 46. Mass 4-3-a floor plan.
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Figure 47. Mass 4-4-a construction: building materials.
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Figure 48. Mass 4-4-b construction: materials.



Mass 4-4-¢ Construction: Materials

Mud Brick Single Floor Store

Commentary

Two stages of mud brick

69

FIGARIWA.  IVIMW BT I CAl o s i

nitely too wide to use this
technique and must be
placed with two hands.

Freshly Made Mud Bricks Drying in the Sun

1

Figure 49. Mass 4-4-c construction: materials.
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Mass 4-4-d Construction: Roof Materials

Mud Brick Single Floor Store

Floor/ceiling and Roof Details

/Planka /7 e Ve L)

o O O O

_ Commentary
Mud brick construction uses local wood

materials for ceiling/floors (for multi-

construction Is common; the roor IS
often used for sleeping on hot nights.

Pnla iniata

Figure 50. Mass 4-4-d construction: roof materials.
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Figure 51. Mass 5-1 place on building construction chart.
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Figure 52. Mass 5-2 elevations.



€L

Figure 53. Mass 5-3-a floor plan.
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Mass 5-3-b Floor Plan

Triple Brick House

Floor Plan: Upper Floor

Commentary

The upper floor of this one Upper Story Floor Plan

and a half story house has
a smaller footprint than

the ground floor owing to |<— 3m—
the slope of the roof. It T

provides the bedrooms (3)
and the bathroom for the Bedroom Bathroom
house (water pipes afre ]2 m
directly above those for

the kitchen). The stairs A _+_
from the ground floor give
access.

Corri dor 6.46 m

Strengthening of the
structure is achieved
through the interior load-
bearing walls that extend
upward from the ground
floor. A 4

Bedroom

Bedroom

The only venting is

through the end walls, < 9.18m ’ |
although in Europe, :
openable roof skylights to == windows
provide extra lighting and
ventilation are common.

Figure 54. Mass 5-3-b floor plan.
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Mass 5-4-a Construction

Triple Brick House

Ground floor

Commentary

[ ] Perimeter Load-bearing Triple brick wall (36 cm)

Principal structural
strength is based on tri- —
ple brick (36 cm thick) "|' — 3m —
perimeter walls. These Utility

are braced by interior 3m oo
load-bearing double Al Kitchen

A

brick (23 cm) walls.
Use of these interior
load-bearing walls 2
allows ceiling/floor joists
ranging from 2 to 4
meters in length.

9.18 m

Door openings are
placed in the interior 5
walls to provide door-
ways between rooms.

m Dining
Living Room

< 918 m —P

( ) Interior Load-bearing Double brick wall (23 cm)

Figure 55. Mass 5-4-a construction.
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Figure 56. Mass 5-4-b construction.
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Figure 57. Mass 5-4-c construction (brick courses).
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Figure 58. Mass 6-1 place on building construction chart.
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Mass 6-2 Elevations

Triple Brick Middle Eastern House

Commentary

With the only
venting on the exte-
rior walls being
doors, the main
entrance in the cen-
ter of the front ele-
vation and a smaller
(women’s) door at
the side rear, this
house manifests the
wish for privacy from
the outside world.
The blank walls give
no indication of the
function of rooms
behind them.

Front

Rear

Side

Side

3
Il |I Meters
< 16.38 Meters >
3
Meters
R 16.38 Meters >
3
Meters
< 18.72 Meters >
3
Meters
< 18.72 Meters >

Figure 59. Mass 6-2 elevations.
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Mass 6-3-a Floor Plan

Triple Brick Middle Eastern House

Commentary

Mass construc- 1< 16.38 m )-I»

tion (triple brick in this
case) Arab Muslim
houses share several
characteristics:

Rear, Open A
Courtyard

(1) All walls are same

thickness (in part
because of the open
courtyards)

Floor Plan of

Arab House

(with Central
Courtyard)

(2) House plan shows
Muslim effects in sep-
arating male from
female areas: front
partis male, rear is
female; privacy goals
are supreme (no
external windows);
house has no articu-
lating corridors
Exterior and Interior

Walls are All Load-

Bearing: Thicknessis
34.5cm.

2m
i A
| 4

6 m >

m

-

Main, Open
Courtyard

18.72m

All Walls
are 3 m high

The roofis reinforced
concrete 10 cm thick.

Figure 60. Mass 6-3-a floor plan.
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Figure 61. Mass 6-3-b isometric floor plan.
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Figure 62. Mass 6-3-c isometric floor plan.
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Figure 63. Mass 6-4-a construction.
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This segment of a brick
wall (of an old building in Tel
Aviv, as photographed and
measured in 1999 shows
bricks to have: headers of 12.0
cm; and stretchers of 25.0 cm.
The wall was laid using English
Bond (alternate courses).

Figure 64. Mass 6-4-b construction.
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Figure 65. Mass 7-1 place on building construction chart.
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Figure 66. Mass 7-2-a elevation.
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Figure 67. Mass 7-2-b elevation.
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Figure 68. Mass 7-3-a floor plan.
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Figure 69. Mass 7-3-b floor plan.
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Figure 70. Mass 7-3-c isometric floor plan.
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Figure 71. Mass 7-4 construction.
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Figure 72. Mass 8-1 place on building construction chart.



€6

Figure 73. Mass §-2 elevation.
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Figure 74. Mass 8-3-a floor plan.
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Figure 75. Mass 8-3-b floor plan.
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Figure 76. Mass 8-4 construction.
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Figure 77. Mass 9-1 place on building construction chart.
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Figure 78. Mass 9-2 elevation.
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Mass 9-3-a Floor Plans

Brick Hotel
13.8 meters
; )1
)\
. )L
Public
Room [ ] | L
V4
[
20.9 met
< meters
' f
_ _ el == == == = AY
R
Stairs e Utilities [
i e \ / /
12 E‘ég:"ﬁ _| p Corridor
meters t s 7 |7 7 /
Lobby Entry Service [
}‘ 31.8meters > Guest Rooms, Upper Floors
Ground Floor
Commentary The floor plans of brick hotels are similar to the framed construction hotels that followed in thatin

both cases, the functional requirements for guest rooms, public rooms, reception, service and utili-
ties are the same. The guestroom floors achieved efficiency with central corridors, and each guest
room vented (in this case, the windows are European in style, and measure 1.5 x 2.5 meters.

Figure 79. Mass 9-3-a floor plans.
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Figure 80. Mass 9-4 construction: wall and window.
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Figure 81. Mass 10-1 place on building construction chart.
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Figure 82. Mass 10-2 elevation.
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Figure 83. Mass 10-3-a floor plan.
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Figure 84. Mass 10-3-b floor plan.
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Figure 85. Mass 10-4 construction, interiors.
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Figure 86. Mass 11-1 place on building construction chart.
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Figure 87. Mass 11-2 elevation.
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Figure 88. Mass 11-3-a floor plan.
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Figure 89. Mass 11-4 construction.
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Figure 90. Mass 12-1 place on building construction chart.

A mosque in Delhi, shows the elaborate architecture
of a large mosque, used for congregational services
on Fridays. This particular structure is made of the
red sandstone, prominent in the Red Fort, nearby.
The building has the domes, the arches, massive
gateway, and the minarets (as seen in the drawings).
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Mass 12-2 Elevation and Floor Plan

Brick Mosque

Commentary  u
Representative features
of a mosque are given
here. While actual N
design varies from place S0

- - 22m

to place in the Muslim 16m| A aa * :
world, several features | a 10m a
are common and aggre-
gated here. Reflecting 4 ml_g “
the religion’s four levels .. . . . . . . . . A 4
of prayer is the symbolic |< 62.4m >
use of four minarets, one
at each corner, the four Wall thickness: base of the domes is at least 6 bricks thick to bear high loads;
corners and the rectan- dome is also made of bricks. All are covered, frequently in decorative ceramic tile.

ular shape itself, and
the four eFr)ﬂry gates. The I I ] Gate [ I I
structure has two domes,
one the larger and domi- 40 m
nant. Of the four prayer o
levels (individual, congre- pen 324m
gation, a town'’s popula- Gate C t 2 Gate
tion, and the entire Mus- our
lim world) the example
here is that of a “Friday
Mosque,” used for a

weekly service for a con- Gate
gregation and served by
the Open Court. Brick wall thickness: 60 cm
< 62.4m >|

Figure 91. Mass 12-2 elevation and floor plan.
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A mosque in Delhi,
India with its domes
and Minaret

Figure 92. Mass 12-3-a floor plan.
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Figure 93. Mass 12-4 construction.
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Figure 94. Mass 13-1 place on building construction chart.
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Mass 13-2 Elevation

Brick Industrial/Storage Building

Commentary

This simple brick structure has in
common with its more advanced
counterparts a large truck access
door, window venting, and a person
access door. The pitched roof is
common.

Front Elevation

o

|< 25.05 m

( ) R/C Perimeter Foundation:

Truck
Door,
4m

Figure 95. Mass 13-2 elevation.
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Figure 96. Mass 13-3-a floor plan.



811

Figure 97. Mass 13-4 construction.
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Figure 98. Mass 14-1 place on building construction chart.



0l

Figure 99. Mass 14-2 elevations.
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Mass 14-3-a Floor Plan

CMU One and a Half Story House

Ground Floor
Commentary

The small area house (64 Kitchen 2'm Dining
square meters) shown here
is of the sort found in low
economic level areas where 550m
CMU construction is used '
instead of r/c framed with
infill that is used for larger
houses. Accordingly, room
sizes are small but probably
appear to be luxurious by
standards of village-living or 8.50

in the shanty towns that have |< ~>Um ’|
sprouted at the edge of
many third world cities. Con- == 1 1/2 m window 1 m window EEEEE 1 m door
struction is sound, however,

using load-bearing thick Upper Floor

walls and load-bearing thin-
ner interior walls. Windows

and doors use standard met-

ric sizes, e.g., 1 meter doors I

Floor/ceiling
is r/c slab 10
cm thick

Living Area

Bed- 3m Bed-
room room

=1

— = Xt€r0r CMU Interior CMU
wall 20 cm thick wall 10 cm thick

and some windows.

Figure 100. Mass 14-3-a floor plan.
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Mass 14-4-a Construction

CMU One and a Half Story House

Reinforced CMU Construction

Commentary Front Elevation

This front elevation of
this mass construction house
employs a CMU of a com-
mon international size (larger
than the common US size).

BainfAarramant ie arhiauad

monly covered with stucco to |< 8.50 m >|
provide weather protection.

This front elevation
shows the windows for the 20 cm M4
living room on the left and D B

the dining room on the right, Concrete Mason-
with the front entry door in & 20 cm ry Unit (CMU)

the middle. ( ) ( ) ¢ with cavities and

3 example
yd

rebars. Cavities
«<—40cm —>» filled with grout.

with rebars are

Figure 101. Mass 14-4-a construction.
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Figure 102. Mass 14-4-b construction.
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Figure 103. Mass 15-1 place on building construction chart.
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Figure 104. Mass 15-2 elevations.
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Figure 105. Mass 15-3-a floor plan.



LTI

Figure 106. Mass 15-4 construction.
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Figure 107. Mass 16-1 place on building construction chart.

This building is given the above classification
because, most of the load is borne by the
outer reinforced CMU walls. Part of the roof
load, however, is supported by trusses, and
these by hollow steel columns.
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Figure 108. Mass 16-2 elevation.
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Mass 16-3-a Floor Plans

CMU Industrial/Storage Building

Commentary

Typical functions of a man-
ufacturing process occupy
appro,:yriatel%/ sized spac-
Flow is from manufac-
turing, to assembly, to
packing, and then to stor-
age and shipping. Large
rear doors accommodate
trucks and fork lifts. Doors
between the functions are
large. Offices, requisite to
the process, are in front.

Rear Doors: 4m wide 5m high

Shipping and Receiving

54m
14.2m
m E L
i @«
Packing o Warehouse
I f
122 m
[ | [ | |
74 m £
S
Assembly Manufacturing @
n | m
~ Corridor 10m »

o
08 m.| 5.6 m
Dffice N Office

E /7
n 4.6 m
t Office
r
y
20m
208 m

42m
Office

2070 m

Walls:

Quter: 20 cm
grout-filled
hollow CMU
with rebar in
alternate holes
nine meters
high

Inner parti-
tions: 10 cm
hollow CMU

15 cm hollow
steel columns,
supporting
roof trusses

M Columns

i

Figure 109. Mass 16-3-a floor plans.
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Figure 110. Mass 16-3-b isometric floor plan.
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Figure 111. Mass 16-4 construction.
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Figure 112. Mass 17-1 place on building construction chart.
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Figure 113. Mass 17-2 elevation and construction.
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Mass 17-3-a Floor Plan and Construction
Brick over Block House

Commentary Exterior and Interior Walls
In the exterior (perimeter) [ A
walls, the 20 cm thick CMU A <— 3m —P»
blocks bear the weight of the
walls, roof, and live load. The
combined brick over block cichon o Bedroom
(with mortar) reaches 32 cm 4 m
thick. Dining
The interior walls are 20 cm
(one block thick). They form | A . Bathroom 904 m
the support for ceiling joists. T
(
< 6m >
4m
Living Room Bedroom
l Entry
C— Windows L 4
]
o 12.04 m >

s Doors

Brick over Block
| | 32 cm thick perim-
eter walls

C—————————3 Block 20 cm thick interior walls

Figure 114. Mass 17-3-a floor plan and construction.
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Figure 115. Mass 17-4 construction.
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Figure 116. Mass 18-1 place on building construction chart.
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Figure 117. Mass 18-2 elevation.
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Figure 118. Mass 18-3-a floor plan.
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Figure 119. Mass 18-4-a construction.
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Figure 120. Mass 18-4-b construction.
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Figure 121. Mass 18-4-c construction.
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Figure 122. Mass 19-1 place on building construction chart.
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Mass 19-2 Elevation

Unreinforced Concrete with Masonry Cover

Commentary

This elevation of a type of
construction found in
Israel and the Palestinian
Territories manifests
many aspects of local,
contemporary culture.
The use of stone (over
concrete) is largely a cos-
metic feature designed to
be compatible with tradi-
tional stone construction.
The balconies are a com-
mon feature of dwellings
in the area, reflecting an
indoor/outdoor style. The
parking garages on the
ground floor are modern
necessities with the cur-
rent high automobile
ownership found among
the economic class of
people capable of afford-
ing housing of this quali-

Two Apartment Units on each floor

W el

Balcony Wall

W T M

Balcony Wall

B "E [TImT

Balcony Walll

Garage Garage

Garage

1765 m

13 m

Figure 123. Mass 19-2 elevation.
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Mass 19-3-a Floor Plan

Unreinforced Concrete with Masonry Cover

Floor Plan for each of Three Floors

Mass 19-

Load-bearing exterior

Stairwell Ralcon R — unreinforced concrete
y (30 cm with a 15 cm
stone veneer) (see dia-
gram, Mass 19-4)
— Plain concrete
(unreinforced) interior
load-bearing walls (15
Saloon cm thick)
4m I 152 m
4m 4m ——  Windows
Balcony Balcony Balcony Balcony I v Commentary
The floor plan of these apartments fol-
lows a conventional design. Entry to the
< 17.65m .| two is by stairs in between the two units.

o ] ) A long balcony fronts bedroom and kitch-
This is a type found in Palestine and Israel (see photo, en on one side, a small balcony is on the
{ of an Israeli example in Haifa). other side. Units have five rooms each,
counting the kitchens. Plumbing is
aligned between bath and kitchen.

Figure 124. Mass 19-3-a floor plan.
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Figure 125. Mass 19-3-b isometric floor plan.
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Figure 126. Mass 19-4 construction method and dimensions.
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Figure 127. Mass 20-1 place on building construction chart.
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Figure 128. Mass 20-2 elevation.
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Figure 129. Mass 20-3-a floor plan.
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Figure 130. Mass 20-4 construction.
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Figure 131. Mass 21-1 place o n building construction chart.
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Mass 21-2 Elevations

Tilt-up Manufacturing/Storage Building
5
Commentary meters
Tilt-up buildings used
for manufacturing and stor-
age often have little need 212m
for venting. Large doors ¢ . >{
for truck and fork-lift vehi- .
cles are seen at both front Front Elevation
and rear. Small doors are
for human entrance. The
single window at the front -
elevation provides venting
and light for the office.
5
The walls, in this exam- meters
ple, reveal the bare con-
crete of the tilt-up panels.
< 21.2m >{
Rear Elevation
5
meters ;
}< 255 m »{
Elevation, both sides

Figure 132. Mass 21-2 elevations.
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Figure 133. Mass 21-3-a floor plan.
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Figure 134. Mass 21-4-a construction.
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Figure 135. Mass 21-4-b construction.
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Mass 22-1 Place on Building Construction Chart

Box-Wall Principle Apartment Building

This panel wall structure is part of a complex built in
Prague during 1945 to 1990. It has three sets of

! ' apartments (note stairways and entrances).
Important ™ o . = 10U LJBi:J.[IHg lIIUU(_.]II SUcrl DUIIUIIIQS llli:iy pe IMmks-
taken for framed light-clad buildings when
observed in the field.

Figure 136. Mass 22-1 place on building construction chart.
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Figure 137. Mass 22-2 elevation.
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Figure 138. Mass 22-3-a floor plan.
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Figure 139. Mass 22-3-b floor plan.
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Figure 140. Mass 22-3-c floor plan.
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Figure 141. Mass 22-3-d isometric floor plan, an upper floor.



€91

Figure 142. Mass 22-4-a construction.
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Figure 143. Mass 22-4-b construction.
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Figure 144. Mass 22-4-c construction.
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Figure 145. Mass 22-4-d construction.
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Figure 146. Mass 22-5 locale.
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Figure 147. Mass 23-1 place on building construction chart.

This box-wall principle type of hotel structure has
been replicated widely. The photo clearly shows the
seven upper floors to be a series of “boxes”
supporting each other. The elevator module is off-
centered in order to have access from the hotel
lobby. The ground floor is devoted to public room
use. This form of construction is particularly well
suited to hotel use considering that each guest room
(plus interior bath) is a single cell and with walls that
are both sound proof and not meant to be modified
to serve other uses.
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Figure 148. Mass 23-2 elevations.
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Figure 149. Mass 23-3-a floor plan.
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Figure 150. Mass 23-3-b floor plan.
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Figure 151. Mass 23-4 construction details.



Table 18. Framed urban terrain building types.

Twenty-One Urban Terrain Building Types
Building | Number

Type of Plates Building Type Name Building Material
Framed | 5 Half-timbered post and lintel house Wood framed
Framed 2 6 Half-timbered store with residence above Wood framed
Framed 3 7 Wood-framed one-story house Wood framed/wood
Framed 4 5 Wood-framed house with brick veneer cover Wood framed/brick
Framed 5 5 Wood-framed store Wood framed/wood
Framed 6 9 Steel-framed heavy-clad hotel Steel framed
Framed 7 10 Steel-framed heavy-clad office building Steel framed
Framed 8 5 R/C-framed light-clad apartment building Steel/R/C framed
Framed 9 9 R/C-framed light-clad hotel Steel/R/C framed
Framed 10 6 R/C-framed light-clad office building Steel/R/C framed
Framed 11 7 Central pylon with light-clad steel frame office Steel/R/C framed
Framed 12 12 R/C-framed house with brick infill walls R/C framed with brick
Framed 13 8 R/C-framed house with terra cotta infill walls R/C framed with terra cotta
Framed 14 8 R/C-framed CMU infill store/apartment building R/C framed with CMU
Framed 15 5 R/C-framed with brick infill walls store/office R/C framed with brick
Framed 16 7 R/C-framed CMU infill industrial/storage building R/C framed with CMU
Framed 17 6 R/C-framed terra cotta infill industrial/storage R/C framed with terra cotta
Framed 18 6 R/C-framed brick infill industrial/storage building R/C framed with brick
Framed 19 6 R/C-framed school with brick veneer over infill R/C framed with brick
Framed 20 5 Steel-framed light cladding industrial/storage Steel framed with steel
Framed 21 5 Steel-framed double light cladding industrial storage | Steel framed with steel

Total plates: 142

Note: R/C =reinforced concrete. CMU = concrete masonry unit.
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Framed 1-1 Place on Building Construction Chart

Half-timbered Post and Lintel Construction House

Place on Building Construction Chart

I 1 . s " -

important G BT markings). Space between timbers was tilled with wattl
P K s -4 Being a frame, and not a mass construction wall, win-
dows did not have to be aligned vertically.

1

Figure 152. Framed 1-1 place on building construction chart.
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Figure 153. Framed 1-2 elevation and construction description.
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Figure 154. Framed 1-3-a floor plan and structure.
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Figure 155. Framed 1-4 construction.
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Figure 156. Framed 2-1 place on building construction chart.
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Figure 157. Framed 2-2 elevation and construction description.
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Figure 158. Framed 2-3-a floor plan.
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Framed 2-4-a Construction Method

Half-timbered Store with Residence Above

Construction Method and Dimensions

Commentary

Half timbered buildings
were the precursors to
steel and r/c skeletal con-
struction but with wooden
timbers. The frame bore
the loads and not the walls.
Timbers were massive (20
to 30 cm on a side) hewn

Connections were made
with tenons and mortises.
See following plate.

from single logs with adzes.

Frame

I column
/beam

Windows are placed between posts and beams in the same
fashion as windows are placed in modern framed structures.

Figure 159. Framed 2-4-a construction method.
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Figure 160. Framed 2-4-b construction details.
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Figure 161. Framed 3-1 place on building construction chart.
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Figure 162. Framed 3-2 elevations.
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Figure 163. Framed 3-3-a floor plan.
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Figure 164. Framed 3-4-a construction.
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Figure 165. Framed 3-4-b construction.
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Figure 166. Framed 3-4-c construction.
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Figure 167. Framed 4-1 place on building construction chart.



061

Framed 4-2 Elevations

Wood-framed House with Brick Veneer Cover

Front, Rear, and Side Elevations

Commentary

Elevations of this
representative single
family wood framed
house reflect the floor
plan (see 4-3-a). Win-
dows are larger for the
living room and dining
room, smaller for the
kitchen and the bed-
rooms.

Treatments of the
outer walls (wooden sid-
ing, stucco, and brick)
are shown in separate
panels.

Elevations

1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.1
11 L1 | | - | I I [ N 11

Front Elevation

S ETEEE =i

windows

Rear Elevation

Side Elevation

. front entry I rear door

Figure 168. Framed 4-2 elevations.
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Figure 169. Framed 4-3-a floor plan.
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Figure 170. Framed 4-4 construction.
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Figure 171. Framed 5-1 place on building construction chart.



Framed 5-2: Elevations

Wood-Framed Store

Front, Rear, and Side Elevations

Commentary

Stores of this type
are virtually fully open on
the front, or street (canal
in this case) side, and
have a smaller service
door atthe rear. Sides
are solid (often abutting

3m

other stores on both -
sides. Front Elevation

Rear Elevation

3m

¢
< 6 Meters >

Yol

6 Meters

Side Elevation

10 Meters

3 Meters

Figure 172. Framed 5-2 elevations.
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Figure 173. Framed 5-3-a floor plan.
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Framed 5-4 Construction Method

Light Wood-framed Store

Construction Method and Dimensions

Commentary

This store uses the sim-
plest form of wood frame. It
is sufficient in a tropical
environment where roof
load is light and many walls
are left open.

Simple wooden post and beam
construction

I column
Aam

Columns and beams are 15cm x 15 cm

Figure 174. Framed 5-4 construction method.
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Figure 175. Framed 6-1 place on building construction chart.

A steel framed heavy-clad hotel in Kowloon (Hong
Kong), built in the early part of the twentieth century,
is a good example of the genre. It has a pediment on
the ground floor with the usual shops, the shaft
contains services on what the British refer to as the
First Floor, guest rooms on the next four floors, and a
capital, the top floor with suites and meeting rooms.
The hotel’s modern framed light-clad addition lies at
the rear.
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Framed 6-2-a Elevation

Steel-framed, Heavy Clad Hotel

Commentary

The distinguishing feature
of a steel-framed heavy-
clad building is its mason-
ry-like architecture.
Heavy-clad structures —
built in the period from
1885 to 1929 — used
heavy ornamentation and
classic form to match the
appearances of the
masonry (largely brick)

them. The ground floor
(the pediment) was pon-

terra cotta trim. The shaft
had more of a uniform
appearance using the
same cladding material
throughout. The capital

pediment with its heavy
ornamentation (and often

was the site for hotel

restaurants.

structures which preceded

derous with heavy molded

employed a variation of the

an overhanging cornice); it

suites, meeting rooms, and

Front Elevation

Shops

aAAAAAE6AR-A™
O 000000000000 0000

O oopgoooooogoogonnoo

O 0000odoooooonnon

O 000000000000 0000

O 000000000000 oooo

O O000o00000000000000 0 | st
0 101 O O 0 O O 00000800

O ooooofoooooooonnn

O O0doooonoononon

O O0odooo oooonooooo

O 000000 0000000000
1aoo0oononnonnnnnn
. ﬁ Pediment

Figure 176. Framed 6-2-a elevation.
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Figure 177. Framed 6-2-b elevations.
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Figure 178. Framed 6-3-a floor plan.
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Figure 179. Framed 6-3-b floor plan.



a0¢

Figure 180. Framed 6-3-c floor plan.
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Figure 181. Framed 6-3-d floor plan.
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Figure 182. Framed 6-4 construction.
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Figure 183. Framed 7-1 place on building construction chart.
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Figure 184. Framed 7-2 elevation.
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Framed 7-3-a Floor Plan

Steel-framed, Heavy Clad Office

Floor Plan
Commentary Ground Floor Plan

Light is provided to the rooms <5 p . A A
by either the perimeter windows Soes” offce | offce | Office | Office | Office | 65 8m
or those in the light well; build- Lounge Lounge
ings of this girth require a light — /—L
well. The outside rooms, with Suppl |
day long occupance, face the HPPYY Supply
vented outer wall. The W.C.s, 4‘ W.C. | W.C. |Utilities Ii
Utilities, and Service areas office Vault Vault office
have less light. The vaults, of Lo I
course, are windowless. Two Light
banks occupy this floor example
and share a common central < 18 m _._'" 18m 13m T
entry. Entry through the central well 48.35m
doorway leads directly to the 4 27.7m
elevator module, which stands Ui j E ser
independent of the two banks. liities ice
Exterior wall is 35 5 cm thick BANK B - e BANK
All interior walls are non-load-
bearing, and constructed using
studs covered on both sides by «— 25m — 25m ——p»
various materials. They are 12 Entry
cm thick, including space L Y
between studs and covering.

< 57.95m >

Figure 185. Framed 7-3-a floor plan.
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Figure 186. Framed 7-3-b floor plan.
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Framed 7-3-c Floor Plan

Steel-framed, Heavy Clad Office

Commentary

As with the ground floor plan,
offices have access to venting
via the exterior wall of the
building and the light well
(albeit at lower light values).
The corridor accesses the ele-
vator and reaches all offices.

Upper Floor (offices)

q¢— 12 m P
Office Office Office Office Office Office Office
A . | © rridor
6 mOffice — — Office
' W.C. W.C. Utility
Office Office
Office - ; Office
5 .
- Light ©
. N L
Office = ! offce [— 18m office | o office
> 13m e
© Well | © 48.35m
Office . Office
Office Office
Office Office
Office - 1 L e Office
Corridor
8 m Office Office Office Office Office Office Office
<t 57.95m

Figure 187. Framed 7-3-c floor plan.
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Figure 188. Framed 7-3-d floor plan.
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Figure 189. Framed 7-4-a construction.
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Figure 190. Framed 7-4-b construction.
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Framed 7-4-c Construction

Steel-framed, Heavy Clad Office Building

Construction Details

Commentary

In order to achieve a
masonry-like appearance,
designers of steel framed,
heavy clad buildings
(while at the same time
sealing the frame from the
elements) used hollow
terra cotta tile (10 cm
thick), then a layer of insu-
lation (2.5 cm), topped by
a double brick outer wall.
The combination of the
three elements is connect-
ed to steel frame members,
columns, beams, and mul-
lions.

Heavy Cladding Components

Hollow Terra
Cotta Tile (10
cm thick)

Two withe brick
outerwall: 23cm
thick

Insulation 2.5
cm thick

Figure 191. Framed 7-4-c construction.
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Figure 192. Framed 8-1 place on building construction chart.
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Figure 193. Framed 8-2 elevation.
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Figure 194. Framed 8-3-a floor plan.
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Figure 195. Framed 8-4 construction.
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Figure 196. Framed 9-1 place on building construction chart.
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Figure 197. Framed 9-2 elevation.
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Figure 198. Framed 9-3-a floor plan.
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Figure 199. Framed 9-3-b floor plan.
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Figure 200. Framed 9-3-c floor plan.
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Figure 201. Framed 9-4-a construction.
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Figure 202. Framed 9-4-b construction.



¢ee

Figure 203. Framed 9-4-c construction.
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Figure 204. Framed 10-1 place on building construction chart.
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Figure 205. Framed 10-2 elevation.
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Figure 206. Framed 10-3-a floor plan.
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Framed 10-4-a Construction

RC Framed Construction Office Building, Light Clad

Reinforced Concrete Frame (Columns and Beams)

A
3+m
L
16 m

» w0 "

ICO' umns 40 ) Beams30
Ccm square cm square

All load (dead and live) is carried by steel reinforced concrete columns and beams (weight on reinforced
concrete floors is transferred to the beams, and in turn transferred to the ground via the columns). The
use of reinforcement permits spans between columns to be 8 meters (note: this span is greater than a
traditional steel skeleton frame where spans are 4 or 5 meters). Four upper floors are 3 meters high: the

Commentary

ground floor (to house diverse functions) is 5 meters high.

Figure 207. Framed 10-4-a construction.
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Figure 208. Framed 10-4-b construction.
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Figure 209. Framed 11-1 place on building construction chart.
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Figure 210. Framed 11-2 elevations.
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Figure 211. Framed 11-3-a floor plan.
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Framed 11-4-a Construction

Central Pylon (Mass Construction) with Light-clad Steel Frame

Commentary

Central pylon/steel framed
buildings form an example of
both mass and framed con-
struction in one structure. The
reinforced concrete central
pylon supports the steel frame
members as the trunk of a tree
supports its branches. It trans-
fers loads from the beams of
the steel frame to the ground.
Walls of this central pylon are
thick (usually about 30 cm) with
rebar near the surfaces of both
sides of each wall. Italso
serves as locale for services
(elevators, stairways, W.C.s,
and service modules). The
long steel beams projecting
outward from the central pylon
enclose large spaces with but a

umns (far fewer than are seen
in skeleton steel frame struc-
tures owing to the structural
strength provided by the pylon).

Central Pylon and Steel Columns and Beams

a

sparse network of steel col- B

36.3m j
t T Y

34.3m

B ) a Y

R/C Mass Walls of

I
. Elevators Central Pylon
Steel Beams
o Steel Columns

Figure 212. Framed 11-4-a construction.
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Figure 213. Framed 11-4-b construction.
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Figure 214. Framed 11-4-c construction.
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Figure 215. Framed 12-1 place on building construction chart.
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Figure 216. Framed 12-2-a elevation.
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Figure 217. Framed 12-2-b elevation.



0v¢

Framed 12-3-a Floor Plan

R/C Framed Construction House with Brick Infill Walls

Floor Plan (Ground floor of a 2 story house)

Commentary

While variations on the
floor plan given here
are infinite, this plan
serves as a generic
composite. It takes into
consideration dimen-
sions of rooms, corridor,
doorways, and windows
that have a human
scale, based on stan-
dard sizes of furniture
and living space needs.

This ground floor plan
has rooms, in appropri-
ate sizes, required to
meet common daily
needs: living and family
eating areas are joined,;
the dining area can be
served by the kitchen;
utility needs are met by
a small utility room; the
kitchen is of modest but
adequate size. Entry
hall and stairway meet
common needs.

T | S— | S— ‘
<— 3Mm —P
Utility Family eating
3m Kitchen area
l ¢— 3 m —P
1m Corridor 8.68m
3m —Pp»
Living Room
Tm
Dining
4
m < 4m >
* | e—] —— | —] Y
< 978 m P
———— windows e doors

Figure 218. Framed 12-3-a floor plan.
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Figure 219. Framed 12-3-b floor plan.
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Framed 12-4-a Construction

R/C Framed Construction House with Brick Infill Walls

Commentary

This front elevation view of
the ground floor of a rein-
forced concrete framed
house shows the arrange-
ment of the r/c columns and
beams.

Columns measure 25 cm by
40 cm. The wide side of the
beams are parallel with the
face of the exterior walls.

Beams are square, measur-
ing 30 cm by 30 cm. In the
construction process,
poured concrete beams are
placed on the columns
extending upward from the
ground floor. The process
in then repeated for upper
floors.

R/C floors are connected to
the beams with tied rebar.

Front Elevation

R/C Slab Foundation

9.78m

-

@@ columns
meters

— L

v

Figure 220. Framed 12-4-a construction.
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Framed 12-4-b Construction

R/C Framed Construction House with Brick Infill Walls

Commentary

This side elevation view of Side Elevation
the ground floor of a rein-
forced concrete framed

house shows the arrange-

ment of the r/c columns and

beams.

Columns measure 25 cm by

40 cm. The wide side of the

beams are parallel with the

face of the exterior walls.

Beams are square, measur- I I
R/C Slab Foundation

ing 30 cm by 30 cm.

R/C floors are connected to
the beams with tied rebar.

8.68 m

@m columns

[ beams

Figure 221. Framed 12-4-b construction.
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Framed 12-4-c Construction

R/C Framed Construction House with Brick Infill Walls

Column and Beam construction (Ground floor of a 2 story house)

Commentary

This planimetric view of Planimetric View
the ground floor of a rein-

forced concrete framed
house (with various infill A
material) shows the

arrangement of the r/c Utility _ Family eating
columns and beams. Kitchen area
Columns measure 25 cm J
by 40 cm. The wide side | ]
of the beams are parallel c i d
with the face of the exteri- orrigor 8.68 m
or walls.
Beams are square, mea- m— )
suring 30 cm by 30 cm. Living Room
Dining
B —— S ] [ | Y
< 9.78m P
[ ] beams @ columns
= windows e dOoors

Figure 222. Framed 12-4-c construction.
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Figure 223. Framed 12-4-d construction.
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Framed 12-4-e Construction

Construction details of a Reinforced Concrete framed house with brick (non-load-bearing) infill walls

1Y PIG DUy O WS LY e 1N LUAUT, CYypL

[l gy N IWILW]

Procedure in building frame: Rebar is
positioned in columns. Beams are poured
around rebar in form and rest on column.
Process is repeated with each new story.

Column|

Figure 224. Framed 12-4-e construction.
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Framed 12-4-f Construction

Details on R/C column and Double
Brick Infill Wall: Luxor, Egypt, 2004

Figure 225. Framed 12-4-f construction.
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Figure 226. Framed 13-1 place on building construction chart.
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Figure 227. Framed 13-2-a elevation.
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Figure 228. Framed 13-2-b elevation.
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Framed 13-3-a Floor Plan

R/C Framed House with Terra Cotta Infill

Floor Plan (Ground floor of a 2 story house)

Commentary

While variations on the
floor plan given here
are infinite, this plan
serves as a generic
composite. It takes into
consideration dimen-
sions of rooms, corridor,
doorways, and windows
that have a human
scale, based on stan-
dard sizes of furniture
and living space needs.

This ground floor plan
has rooms, in appropri-
ate sizes, required to
meet common daily
needs: living and family
eating areas are joined;
the dining area can be
served by the kitchen;
utility needs are met by
a small utility room; the
kitchen is of modest but
adequate size. Entry
hall and stairway meet
common needs.

T 3 | S— ‘
44— 3m —P
Utility Family eating
3m Kitchen area
l 4— 3 m —P
1m Corridor 8.72m
3m —p
Living Room
Tm
Dining
4 m < am >
¢ | e—] S | —] Y
< 9.72m P
————— windows e doors

Figure 229. Framed 13-3-a floor plan.
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Figure 230. Framed 13-3-b floor plan.
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Framed 13-4-a Construction

R/C Framed House with Terra Cotta Infill

Column and Beam construction (Ground floor of a 2 story house)

Commentary

This planimetric view of
the ground floor of a rein-
forced concrete framed

Planimetric View

house (with terra cotta = L_J . L
infill material) shows the _ ,
arrangement of the r/c Utility _ Family eating
columns and beams. Kitchen area
Columns measure 25 cm
by 40 cm. The wide side B [ [ |
of the beams are parallel c i
with the face of the exteri- orridor 8.72m
or walls.
Beams are square, mea- m— )
suring 30 cm by 30 cm. Living Room
Dining
N — PR [ \ 4
< 9.72m P>
| ] beams @ columns
e=————= windows e doors

Figure 231. Framed 13-4-a construction.
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Framed 13-4-b Construction

R/C Framed House with Terra Cotta Infill

Column and Beam construction (upstairs floor of 2 story house)

Commentary

This planimetric view of
the upstairs floor of a

reinforced concrete = 2
framed house (with vari-
ous infill material) shows
the arrangement of the Bed
r/c columns and beams. edroom Bath Bedroom

Columns measure 25 cm

by 40 cm. The wide side [ ] [— ]
of the columns are paral- Corridor
lel with the face of the — 1| 872m
exterior walls.
Beams are square, mea- . [
suring 30 cm by 30 cm. Bedroom
Befrpom

: .

[ ] beams  gmm columns

—=————= windows

Figure 232. Framed 13-4-b construction.
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Figure 233. Framed 14-1 place on building construction chart.



9¢¢

Framed 14-2-a Elevation

R/C Framed Construction with CMU Infill Walls; Retail/Residential

Construction Method and Dimensions

Commentary

This front elevation shows the
different venting (windows and
door) for the two floors; the
retail store on the ground floor
has large display windows and
a central door. The residence
above has typical smaller win-
dows; the entrance to the unit
is at the rear.

Concrete frame members, col-
umns and beams appear in
red. An example of the CMU
infill blocks is seen on the
ground floor. CMU blocks, in
finished buildings, are ordinari-
ly covered by stucco to protect
them from the elements.

Front Elevation

Door:
1x2

meters

< 10.4 m

Hollow concrete blocks
measure 40 cm x 20 cm
x 20 cm

Col-
umns
and
Beams
are 30
cm
square

Figure 234. Framed 14-2-a elevation.
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Framed 14-2-b Elevation

R/C Framed Construction with CMU Infill Walls; Retail/Residential

Construction Method and Dimensions

Commentary Rear Elevation

Venting of the rear
elevation shows a service
door for the rear of the retail
store on the ground floor.
The upper floor has two win-
dows and the entrance door
to the residential unit; a
stairway to the upper floor is
not shown.

Part of the CMU
blocks are exposed.

Hollow con- 3.3
crete blocks meters
measure 40

Figure 235. Framed 14-2-b elevation.
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Figure 236. Framed 14-3-a floor plan.
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Framed 14-3-b Floor Plan

R/C Framed Construction with CMU Infill Walls; Retail/Residential

Floor Plan and Isometric: Upper Floor (Residential)

Exterior walls are
20 cm thick, interi-
or walls are 10 cm.

_~door
Commentary A —I \_y—.T
Residential floor is divided into rooms by parti-
tions one 10 cm CMU block thick. Windows are Dining 40m
only on front and rear faces, as is typical of such Bedroom
long rectangle footprints. Answering concerns 6.0m —»
about collateral damage, the unit shown here 6.0m
would house a family of four. m I—x—
Kitchen
l 4.0 —P
> T
/ s T 6.0m
edroom
/ " | 155m
3.0m
NS v
= || | I—X—
Living Area
6.0m

10.0m ——»

e ——— L

10.4 m -

Figure 237. Framed 14-3-b floor plan.
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Framed 14-4-a Construction

R/C Framed Construction with CMU Infill Walls; Retail/Residential

Construction Method and Dimensions

Commentary

Loads, in this two story
example, are borne by the
reinforced concrete columns
and beams. Amount of
rebar and strength of con-
crete varies with: height of
building; potential earth-
quake mitigation; economic
level of the country in which
building is located; guality of
materials; local building
codes; and adherence to
those codes by contractors
and inspectors.

Structures are built on con-
crete platforms, and have
web reinforced concrete
roofs, and floor/ceilings
between stories.

Strength of columns:
305 kg/cm?

Strength of floor/ceilings:
255 kg/cm?

Frame

Figure 238. Framed 14-4-a construction.
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Framed 14-4-b Construction

R/C Framed Construction with CMU Infill Walls; Retail/Residential

Construction Method and Dimensions

Commentary lsometric view
This isometric (45°) view
shows the upper residential
floor exposed, venting, and the
exposed CMU blocks on both

front and side. / <
-

CMU strength:
152 kg/cm? /

Figure 239. Framed 14-4-b construction.
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Figure 240. Framed 15-1 place on building construction chart.
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Framed 15-2 Elevations

R/C Framed with Brick Infill Exterior Walls

Front |I|I|I||| T T T T 11

Elevation

|< 6 meters

A
6
meters
Rear
Elevation

Side Elevation (both)

A

Commentary

The store, on the ground floor, has

one large display window and a

large door for customer access.

The small door provides access to

the stairs to the upper floor. The
large door at the rear accommo-
dates entry of merchandise to the

>
6 meters
30 x 30
cm
columns
and
beams

storage area.

Both front office and rear office on

the upper floor have large win-

dows for light and ventilation.

9 meters

Figure 241. Framed 15-2 elevations.




v9¢

Framed 15-3-a Floor Plans

R/C Framed with Brick Infill Exterior Walls

Ground Floor

Upper Floor
yy [ .-—-.—. 2z -—-—.—-—.—-—-
Storage Area
| L | | [ | [ | [ | |
Interior walls are 12 cm .
stud walls Exterior wglls are
double brick, 23 Rear Office
cm thick
9 || [ | [ | [ | 9 [ ] [ ] [ | [ |
meters meters ]
Interior walls are 12 cm
stud walls |
S
t S
] u L B m— B I [ L I — |
i a
Retail Area r ; I
s Front Office r
S
< >
6 meters < 6 meters >
M R/C Columns === Windows s Front s Rear
Door Door

Commentary

The above is a common situation. A retail store occupies the ground floor to make maximal

use of access to potential passing customers. The upper floor, less accessible, is occupied by
two offices, reachable by a stairway with its ground floor entrance at the front of the building.

Figure 242. Framed 15-3-a floor plans.
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Figure 243. Framed 15-4 construction.
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Figure 244. Framed 16-1 place on building construction chart.
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Figure 245. Framed 16-2-a elevation.
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Framed 16-2-b Elevation

R/C Framed Construction Industrial/Storage Building (with CMU Infill)

Construction Method and Dimensions

Commentary

This rear elevation has
the same physical characteris-
tics as the front elevation but
shows the doors in their proper

: Steel Truss
locations. (Shown exposed)
The roof (of corrugated
sheet metal in this example) is

Rear Elevation

|< 2451 m >|

supported by steel trusses sup- i
ported by the top beam.
5m
The truck entrance to —
the large open area within the -
building is 3.0 x4 m. The per-
son door is a standard 1 x 2 m. Person R/C columns placed 4 m apart Truck Door
1O)I(ogrm 3.0x4m

Figure 246. Framed 16-2-b elevation.
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Figure 247. Framed 16-3-a floor plan.
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Figure 248. Framed 16-4 construction.
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Framed 17-1 Place on Building Construction Chart

R/C Framed Construction Industrial/Storage Building With Terra Cotta Infill

Place on Building Construction Chart

| Framed |

International Example

| | RE photo.
I Warld T n LIRS I —_ e e aa e —~ -~ -
| |

Figure 249. Framed 17-1 place on building construction chart.



LT

Figure 250. Framed 17-2-a elevation.
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Figure 251. Framed 17-2-b elevation.
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Framed 17-3-a Floor Plan

R/C Framed Industrial/Storage Building with Terra Cotta Infill

I {
A A
Commentary Truck Entry F'g]frc)””

Manufacturing/storage
buildings constructed in the last
50 years have taken a shape
that meets the need for access
by truck. Older buildings reflect- Manufacturing/Storage Area
ed their particular needs: e.g.,
high-rise structures were con-
structed at water power sites;
with the coming of railroads,
buildings were designed with
long sides parallel to railroad

lines to allow Ioadlng several All interior walls are non-load-bearing, and

railroad cars simultaneously. constructed using studs covered on both
26.0 sides by various materials. They are 12 26.51
A cm thick, including air space between studs
Modern buildings have m and covering, m
large doors for truck access
(I;eslghg of about 4 m, and width » 240m >
of 3 m).

Common with older struc-
tures is the need for both large
planimetric floor space and <+ 8m —p
height. Lighting is often
achieved through use of sky- A
lights (“saw-tooth™ arrangements 4m Office
of wcijndovgs were frequently Truck Entry Wind
used in the past). indow

past Y y | s B . A

Person entry
< 2451 m 4

Figure 252. Framed 17-3-a floor plan.
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Figure 253. Framed 17-4 construction.
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Figure 254. Framed 18-1 place on building construction chart.
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Framed 18-2-a Elevation

R/C Framed Construction Industrial/Storage Building (with Brick Infill)

Commentary

This front elevation dis-
lays common elements found
In such structures. Loads are
borne by the reinforced con-
crete columns and beams;

haame raet An ~rarhale  Tha

Front Elevation

Steel Truss
Msr\own exposed)

Steel columns placed 4 m apart Person
door
1x2m

The roof (of corrugated ==
sheet metal in this example) is Trng 4D00r
supported by steel trusses sup- xam
ported by the top beam.

The truck entrance to |<

the large open area within the
building is 3 x 4 m. The person
door, leading to the office, is a
standard 1 x 2 m. The single
window, 2 x 1 m, shows office
location.

2451 m >|

Figure 255. Framed 18-2-a elevation.
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Figure 256. Framed 18-2-b elevation.
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Framed 18-3-a Floor Plan

R/C Framed Industrial/Storage Building with Brick Infill

Commentary

Manufacturing/storage
buildings constructed in the last
50 years have taken a shape
that meets the need for access
by truck. Older buildings reflect-
ed their particular needs: e.g.,
high-rise structures were con-
structed at water power sites;
with the coming of railroads,
buildings were designed with
long sides parallel to railroad
lines to allow loading several
railroad cars simultaneously.

Modern buildings have
large doors for truck access
(height of about 4 m, and width
of 3 m).

In common with older
structures is the need for both
large planimetric floor space
and height. Lighting is often
achieved through use of sky-
lights (“saw-tooth” arrangements
of windows were frequently
used in the past).

— A =
Truck Entry Person
Entry
Manufacturing/Storage Area
All interior walls are non-load-bearing, and
constructed using studs covered on both
26.0 sides by various materials. They are 12
cm thick, including air space between studs
m and covering.
. 240m P
q4—— 8 m, ——»
+ e
4m Office
Truck Entry + Window
— {1 I
Person entry
< 24.51 m 4

26.

51

Figure 257. Framed 18-3-a floor plan.
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Figure 258. Framed 18-4 construction.
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Figure 259. Framed 19-1 place on building construction chart.

Framed buildings are especially suited to such
institutional uses as schools as the long spans of the
beams allow the enclosure of large spaces, e.g.,
classrooms. Infill material between frame members
is covered with a brick veneer. This example is in
Uppsala, Sweden (1994).
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Figure 260. Framed 19-2 elevation.
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Framed 19-3-a Floor Plan

R/C Framed Construction School with Brick Infill Walls

Floor Plan, Ground Floor

——— +——1——— 1 ——  }+——— 1 S 11— T
t .
Classroom Classroom Classroom Classroom a Classroom Library
i
. r /Y
C o] r r i d 0 r ES 4m 20 48
] — 7 m
— 12 m —P + s m rt1 Cafeteria
Classroom Classroom |8 mClassroom i Classroom
Office Office r g—— 16mMm —»
g 81.8m P

0 4 8 12 .
| ) e Windows mmm Door

meters

Each function (land use) has its particular set of requirements for the buildings they occupy
expressed in terms of room size and shape, venting, room volume, and special facilities (e.g.,
plumbing for chemistry labs). Further, these requirements are universal. In this example, a
Commentary | School, the primary needs are for classrooms capable of seating common class sizes, a shape

that allows a room front area for the teacher and wall space for blackboards. In addition, provi-
sion is made for school administration, a library, and a food service area. A Iong; rectangular
shape serves these needs readily and allows for large window areas for natural light.

Figure 261. Framed 19-3-a floor plan.
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Framed 19-3-b Floor Plan
R/C Framed Construction School with Brick Infill Walls

Floor Plan: School

Floor Plan, Upper Floor

e e e e i S ) S I T — T,
S A
t
Classroom Classroom Classroom Classroom a Classroom
i
r
C o r r i d o r S .
Laboratories 20.48 m
Classroom Classroom Classroom Storagtaar,](rpeamte- Classroom
I — s W R s M . A
= 81.8m : >{
0 4 8 12 s Windows

meters

Commentary

The upper floor of this schoal is
similar to the ground floor but sub-
stitutes storage and laboratories
for offices and other uses in the
floor below.

Figure 262. Framed 19-3-b floor plan.
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Figure 263. Framed 19-4 construction.
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Figure 264. Framed 20-1 place on building construction chart.



L8T

Figure 265. Framed 20-2 elevation.
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Figure 266. Framed 20-3-a floor plan.



68¢

Figure 267. Framed 20-4 construction.
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Figure 268. Framed 21-1 place on building construction chart.



16¢C

Figure 269. Framed 21-2 elevation.
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Figure 270. Framed 21-3-a floor plan.
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Framed 21-4 Construction

Corrugated Steel Panels on a Steel-Framed Industrial/Storage Building (multiple unit)

Structural Details

One-half of
the 2 part
building

Steel Structural Members to Sup-
port Walls and Roof

1 m high r/c perimeter foundation
2501 m

| Steel (| beams) columns and

beams 15 cm square 4Orh01
Steel truss members
10 cm square
Commentary
The light weight of walls and roof requires only
minimal size supporting steel beam columns v

and beams. Use of a truss, with its cross brac- | <

ing, also requires only light steel structural

members. Columns and beams are spaced 10

meters apart, except where the two halves of — Steel beams
the building meet. Support columns rest on and

are attached to the r/c perimeter foundation. m Steel posts

25.01 m > 2501 m

Figure 271. Framed 21-4 construction.




13. Urban Terrain Zones

The UTZ inventory system plays an integral supporting role to the UTBTs depicted in this
report. While the building type catalog provides details on the characteristics of each structure
type, the UTZs give them a locational home within a city. Indeed, the UTZ system—applicable
worldwide—was designed for the express purpose of providing the urban operations planner
with information on the nature of buildings to be anticipated in various parts (zones) of the urban
environment.

To delineate a UTZ, the presence of various building types and settings is first observed, either
from synoptic aerial or satellite views, and confirmed with ground truth if possible. Areas of
homogeneous building types then become the UTZs. Then, lines are drawn to bound these
homogeneous areas of like buildings; the appropriate UTZ class number is then assigned. For
each UTZ plate, the building characteristics are as follows:

1. Building Function and Density (as in the title of each UTZ). The function outlines
common land-use classes, i.e., houses, apartments, commercial, industrial, and institutions.
The density outlines buildings that are attached (or abutted); detached but closely spaced;
or detached and widely spaced.

2. Building Separation. Statement and measurement of the amount of space separating
buildings, either attached, closely spaced (less than 13 m), or widely spaced (more than
13 m).
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3. Building Setting. Where the UTZ is located within the city, e.g., city core, new residential
development at the edge of the city, or along railroad lines.

4. Building Construction Type. The general type of construction is listed, e.g., brick or R/C
framed with infill walls.

5. Range of Building Heights. The height is given in stories, ranging from houses 2 to 3
stories, to city core areas with buildings from 5 to 50+ stories.

6. Age. The period when most of the buildings in a UTZ were constructed, e.g., post—-World
War II for a modern suburban development.

The UTZ system is essentially a method to inventory the morphology of an entire city (covering
the full area of the corporate city and its adjacent contiguously built-up area that frequently
includes other corporate units and built-up unincorporated areas). Taking such an inventory
produces a map on which boundaries demarcating the zones have been drawn (see figures 274
and 275 for examples). For a variety of users—ranging from urban operations to weapons and
munitions testers, to combat development, and to the modeling and simulation community—
UTZ maps give critical information on the quantity and spatial distribution of the various
building construction types. Analysis of the map product quickly reveals, for example, the
relative number of framed high-rise buildings vs. low-rise brick houses.

Urban operations can take advantage of the naturally occurring spatial clustering of similar
building types in homogeneous zones, or sectors, within a city. This is the product of a universal
response to economic laws and principles, such as the A1 UTZ with its attached buildings
occupying much of their land parcels to make maximal use of expensive land, made so by being
located at significant junction points, such as road intersections or river confluences. In another
example, industrial land uses and their associated building types are found along rail lines or at a
break-of-bulk point where rails meet navigable water. Urban zoning, coming along later, simply
codifies these natural occurring clusters of like land uses.
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Figure 272. UTZ of Al Fallujah, Iraq.
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Figure 273. Contemporary UTZs in a partial of the city of Al Fallujah, Iraq.



In short, the spatial distribution of the various building types is predictable. Attached buildings
occupy expensive land in the city’s core and along commercial arterials extending outward.
Closely spaced buildings are found near the core on quite expensive land. Widely spaced
buildings are found on the least expensive land at the city’s periphery or anywhere within the
city as they are the product of comprehensive planning, as in an urban redeveloped area or on
public space, e.g., a city or national government complex, as in Washington D.C.

The UTZ classification scheme, being a full inventory of a city’s homogeneous urban areas,
should not be confused with the sort of spatial models seen in such publications as FM 90-10-1
where hypothetical, broad, general zones of a city are portrayed. Examples are city core,
commercial ribbon, and outlying high-rise area.

Of special value to using the 44 types of buildings in this document, each UTZ title includes the
predominant building type. The complete list, organized into the three basic density groups, is
found in table 2.
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Figure 274. UTZ A1l: attached commercial buildings.
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Figure 275. UTZ A2: attached apartments and hotels.
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Figure 276. UTZ A3: attached houses.
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Figure 277. UTZ A4: attached industrial/storage buildings.
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Figure 278. UTZ AS: attached commercial buildings along arterial streets.
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Figure 279. UTZ Dcl: closely spaced high-rise office buildings.
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Figure 280. UTZ Dc2: closely spaced apartment buildings.
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Figure 281. UTZ Dc3: closely spaced houses.
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Figure 282. UTZ Dc4: closely spaced industrial/storage buildings.
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Figure 283. UTZ Dc5: closely spaced commercial buildings.
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Figure 284. UTZ Dc6: closely spaced administrative/cultural buildings.
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Figure 285. UTZ Dol: widely spaced commercial buildings, shopping centers.
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Figure 286. UTZ Do2: widely spaced apartment buildings.
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Figure 287. UTZ Do3: widely spaced houses.
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Figure 288. UTZ Do4: widely spaced industrial/storage buildings.
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Figure 289. UTZ Do5: widely spaced commercial buildings.
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Figure 290. UTZ Do6: widely spaced administrative/cultural buildings.



INTENTIONALLY LEFT BLANK.
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Appendix A

Global Set, Buildings with Venting as a proportion of Front Walls:

Mass Construction Buildings

Note: all photographs by R. Ellefsen, unless otherwise indicated

Stone Houses: Venting

317

Stone House (Mass 1)

Windows 12.5 %
Doors 2.6 %
Combined 15.1 %

House located in Edinburgh,
Scotland. Windows have wooden
frames and sashes with small
panes.

Photo: 1994

Stone House (Mass 1)

Windows 5.6 %
Doors obscured

House located near Limoge,
France in a Bastide town.
Windows have wooden frames and
sashes with small panes.

Photo: 1991

Stone House (Mass 1)

Windows 5.9 %
Doors 2.2 %
Combined 8.1 %

House is located in Hammelburg,
Germany. Windows have wooden
frames and sashes with small
panes.

Photo: 1980
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Stone House (Mass 1)

Windows 4.6 %
Doors 4.5 %
Combined 9.1 %

House located in Castellina,
Tuscany, Italy. Structure shows
indications of having been modified
several times.

Photo: 2004

Stone House (Mass 1)

Windows 6.9 %
Doors not visible

House located in Salzgitter,
Germany. Vertically aligned
windows have arched reinforcement
wooden frames, small panes.

Photo 1980

Stone House (Mass 1)

Windows 11.4 %
Doors.8 %
Combined 12.2 %

Manor House located in Wilton,
England. Windows have wooden
frames and sashes with small
panes.

Photo: 1993




Adobe House: Venting

Brick Houses: Venting
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Adobe House (Mass 3)

Windows 6.5 %
Doors 5.8 %
Combined 12.3 %

House located in Luxor,
Egypt.

Photo: 2004

Brick House (Mass 5)

Windows 14.1 %
Doors 2.8 %
Combined 16.9 %

House, located in Koblenz, Germany is a
duplex, one unit on floor one and two
plus a small apartment in the attic.

Photo: 2004 by Dave Fordyce, ARL

Brick House (Mass 5)

Windows 9.6 %
Door 5.3 %
Combined 14.9 %

House located in Elburz
Mountains near Caspian
Sea.

Photo: 1967




Brick House (Mass 5)

Windows 17.9 %
Door 2.8 %
Combined 20.7 %

House located in Uppsala,
Sweden. House has
classical vertical alignment
of windows.

Photo: 1992

Brick House (Mass 5)
Windows 15.3 %

Door 3.4 %

Combined 18.7 %

House in Bremen, Germany. Note
uniform windows.

Photo: 1999

Brick House (Mass 5)

Windows 22.3 %
Door not visible

House in Bremen, Germany. Arches
over basement windows reveal brick
construction.

Photo: 1999
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Brick House (Mass 5)

Windows 13.6 %
Doors 2.6 %
Combined 16.2 %

House in Juarez, Chihuahua,
Mexico

Photo: 1999

Brick House (Mass 5)
Windows 7.4 %

Doors 4.6 %
Combined 12.0 %

House in Andean village, Peru

Photo: 1980

Brick House (Mass 5)

Windows 15.4 %
Doors not visible

House in a North China village, near
Xian

Photo: 1997

Brick House (Mass 5)

Windows 12.8 %
Door 9.2 %
Combined 15.8 %

House converted to a store in San Jose,
Costa Rica. “Dog House” dormer on rusted
corrugated steel roof has a swinging sash
window.

Photo: 1994
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Brick House (Mass 7)
Windows 15.5 %

Door 4.8 %

Combined 20.3 %

House is in Baltimore, MD, USA. Note vertical window
alignment, wooden sashes and frames, and small panes.

Photo: 1988

Brick House (Mass 5)
Windows 10.2 %

Door 2.6 %

Combined 12.8 %

House in Norrokoping,
Sweden.

Photo: 1992

Brick House (Mass 5)

Windows 12.5 %
Door 3.3 %
Combined 15.8 %

House in Bremen, Germany. Note French
doors. Frames and sashes are wooden.

Photo: 1999
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Brick Row House (Mass 7)

Windows 12.3 %
Doors 6.1 %
Combined 18.4 %

Building is in Vienna, Austria. It has
a door for each set of five
apartments.

Photo: 2004

Brick Row House (Mass 7)

Windows 16.5 %
Doors 6.3 %
Combined 22.8 %

Building is in Bremen, Germany. Door and
windows have wood frames.

Photo: 1999

323

Brick Row House (Mass 7)

Windows 5.4 %
Doors 1.3 %
Combined 6.7 %

Building is in Lebenstedt, Salzgitter,
Germany. ltis part of a development
built in the 1930s to house steel
workers.

Photo: 1982




Windows 12.3 %
Doors 9.0 %
Combined 21.3 %

housing in the nineteenth
century.

Photo: 1993

Brick Row House (Mass 7)

Building is in Wilton, England. It
is typical of factory workers’

Windows 14.7 %
Doors 12.6 %
Combined 27.3 %

Photo: 1996

Brick Row House (Mass 7)

Building is near Guilin, China

Brick Row House (Mass 7)

Windows 11.4 %
Doors 4.3 %
Combined 15.7 %

Building is in Stratford, England, another

typical English row house.

Photo: 1993

324




CMU House (Mass 14)
Windows 12.2 %

Door 2.3 %

Combined 14.5 %

Building is in Bremen, Germany. It is being
constructed as a replacement for a brick house

Photo: 1999

CMU House (MASS 14)

Windows: 15.3 %
Doors 2.7 %
Combined 18.0 %

Building is in Lebenstadt,
Salzgitter, Germany. CMUs are
light-weight foamed concrete.

Photo: 1982

CMU House (Mass 14)

Windows 9.1 %
Doors 3.8 %
Combined 12.9 %

House is in Puntarenas,
Costa Rica. CMUs are
covered with stucco in
front.

Photo: 1982

325



CMU House (Mass 14)

Windows 11.1 %
Door not visible

Building is in Salzgitter, Germany. Blocks are typical,
in Germany, large dimension foam.

Photo: 1982

CMU House (Mass 14)
Windows 9.2 %

Doors 4.1 %

Combined 13.3 %

House in Puntarenas,
Costa Rica

Photo: 1980

CMU House (Mass 14)

Windows 3.9 %
Doors 6.3 %
Combined 10.2 %

House is in Lima, Peru,
built on the slopes of the
Andes in the eastern
part of the city.

Photo: 1980

326



Brick Apartment Buildings: Venting

Brick Apartment Building (Mass 8)

Windows 11.6 %
Doors 9.8 %
Combined 21.4 %

Building in Budapest, Hungary. Apartments on
upper floor undergoing renovation. Entry doorway
into a corridor is made of wood

Photo: 2004

Brick Apartment Building (Mass 8)

Windows 13.6 %
Doors 3.7 %
Combined 17.3 %

Building is in Koblenz, Germany. Classic
windows are center open topped by a single
pane.

Photo by Dave Fordyce, ARL, 2004

Brick Apartment Building (Mass 8)

Windows 11.6 %
Doors 2.1 %
Combined 13.7 %

Building in Uppsala, Sweden. Apartments
occupy upper floors, retail store on ground
floor.

Photo: 1992
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Brick Apartment Building (Mass 8)

Windows 13.1 %
Doors 1.4 %
Combined 14.5 %

Building is in Koblenz, Germany Windows
follow classic style.

Photo by Dave Fordyce, ARL, 2004

Brick Apartment Building (Mass 8)
Windows 13.9 %

Doors 2.1 %

Combined 16.0 %

Building is in Koblenz, Germany

Photo by Dave Fordyce, ARL, 2004

Brick Apartment Building (Mass 8)

Windows 16.8 %
Doors 3.4 %
Combined 20.2 %

Building in Rome, Italy. Vertically
aligned windows help identify the
building as having brick construction.

Photo: 1993
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Brick Apartment Building (Mass 8)

Windows 16.9 %
Door 3.6 %
Combined 20.5 %

Building is in Bath, England. Windows are longer and
narrower than those found on the continent.

Photo: 1993

Brick Apartment Building (Mass 8)
Windows 10.4 %

Door 6.2 %

Combined 16.6 %

Building is in Mumbai (Bombay), India.

Photo: 1967

Brick Apartment Building (Mass 8)

Windows 10.4 %
Door 5.4 %
Combined 15.8 %

Building in Linz, Austria. Baroque decorations don’t
disguise the standard window types.

Photo: 1991
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Box Wall Principle Apartment Buildings
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Box Wall Principle Apartment
Building (Mass 22)

Windows 13.7 %
Doors 5.5 %
Combined 19.2 %

Building in Prague, Czech
Republic. Structure is a typical
Soviet style building.

Photo: 2004

Box Wall Apartment
Building (Mass 22)

Windows 23.5 %

Building in East Berlin,
Germany

Phnta 1980

Box Wall Apartment Building (Mass 22)

Windows 28.3 %

Building in East Berlin, Germany. Each

apartment unit has a veranda. Windows
and door occupy most of one end of the

“box.”

Photo: 1980




Box Wall Apartment Building (Mass 22)
Windows 26.7 %

Building in West Berlin. Apartment units
have large windows for the daytime
occupancy rooms and small windows for
bedrooms.

Photo: 1980

Box Wall Apartment Building (Mass 22)
Windows 34.3 %

Building in Philadelphia, PA, USA. Each cell
has large windows and a door entry to the

veranda.

Photo: 1985

Box Wall Apartment
Building (Mass 22)

Windows 18.8 %

Building in Braunschweig,
Germany.

Photo: 1983
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Brick Hotels: Venting

Brick Hotel (Mass 9)

Windows 16.3 %
Doors 2.8 %
Combined 19.1 %

Building is in Vienna, Austria. Windows on upper
three floors measure one by one and a half
meters.

Photo: 2004

Brick Hotel (Mass 9)

Windows 18.4 %
Doors 3.4 %
Combined 21.8 %

Building is in Reims, France. Note lack of
windows at strong corner of this brick structure,
in accordance with basic theory. Building has
a Mansard roof, a device to reduce taxes
based on a full floor.

Photo: 1993

Brick Hotel (Mass 9)

Windows 15.1 %
Doors 2.6 %
Combined 17.7 %

Each of the upper floor windows
serves but a single room,
indicating rather common narrow
guest rooms in hotels of this class.

Photo: 1999

332



Brick Hotel (Mass 9)

Windows 12.4 %
Doors 3.3 %
Combined 15.7 %

Building is in Falkenberg,
Germany. Windows are
variations of the European
standard.

Photo: 1983

Brick Hotel (Mass 9)

Windows 22.1 %
Doors 5.3 %
Combined 27.4 %

Building is in Helsingborg, Sweden. Note brick
arches over windows to replace wall’s lost
integrity.

Photo: 1983

Brick Office Buildings: Venting

Brick Office Building (Mass 10)
Windows 14.3 %

Doors 2.3 %

Combined 16.6 %

Building is in Helsinki, Finland in
the Empire style.

Photo: 1976
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Brick Office Building (Mass 10)
Windows 19.2 %

Doors 4.5 %

Combined 23.7 %

Building, a government office
building, is in Vienna, Austria.

Photo: 2004

Brick Office Building (Mass 10)

Window 11.6 %
Doors 4.9 %
Combined 16.5 %

Building, a remnant of British colonial
days, is in Singapore.

Photo: 2004

Brick Office Building (Mass 10)

Windows 16.9 %

Doors 3.4 %

Combined 20.3 %

Building is in Bremen, Germany

Photo: 1999

Brick Office Building
(Mass 10)

Windows 12.3 %
Doors 3.7 %
Combined 16.0 %

Building is in Lima, Peru

Photo: 1980
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Brick Office Building (Mass 10)
Windows 20.5 %

Door 1.9 %

Combined 22.4 %

Building is in Uppsala, Sweden

Photo: 1993

Brick Office Building (Mass 10)

Windows 16.8 %
Doors 2.8 %
Combined 19.6 %

Building is in Wellington, New
Zealand. Note: windows are
narrower than those in German
buildings.

Photo: 1995

Brick Office Building (Mass 10)
Windows 9.9 %
Building is in Koblenz, Germany

Photo by Dave Fordyce, ARL
2004




Brick Office Building (Mass 10)
Windows 13.4 %

Doors 1.3 %

Combined 14.7 %

Building, a government office, is in
Bath, England

Photo: 1992

Masonry Industrial/storage Buildings: Venting
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Brick Industrial/storage Building
(Mass 13)

Windows 22.1 %
Doors 0.7 %
Combined 22.8 %

Building is in Norrokoping, Sweden.
Note arches over windows and joist-
end plates in walls

Photo 1995

Brick Industrial/storage Building
(Mass 13)

Windows 17.4 %
Building, in Shanghai, is concrete, note
pilasters. Uses open windows for

ventilation

Photo: 1996

Brick Industrial/storage Building
(Mass 13)

Windows 16.8 %

Building is in Stavanger, Norway. Note
arches over windows and small panes

Photo: 1976




Brick Industrial/storage
Building (Mass 13)

Windows 27.4 %
Doors 1.7 %
Combined 29.1 %

Building is in Helsinki,
Finland

Photo: 1976

Brick Industrial/Storage
Building (Mass 13)

Windows 6.4 %

Doors 7.9 %
Combined 14.3 %

Building is in Singapore, an

old “godown,” remnant of

British days (probably no
longer standing)

Photo: 1984

Large Masonry Buildings, Churches and Mosques
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Mosque
(Mass 12)

Windows
11.8 %
Doors 4.4 %
Combined
16.2 %

Friday
Mosque in
Delhi, India

Photo: 1967




Temple (Mass 12)

Windows 6.7 %

Doors 2.4 %

Combined 9.1 %

Building is in Bangkok, Thailand

Photo: 2004

Islamic Religious Building (Mass
12)

Windows 5.4 %
Doors 6.1 %
Combined 11.5 %

Building is in Chinai (Madras), India,
an example of the propagation of
Islamic Architecture to the southern
end of the Indian sub-continent.

Photo: 1967

Mosque (Mass 12)

Windows 1.6 %
Doors 6.8 %
Combined 8.4 %

Building is in Teheran, Iran. The
small proportion of venting is typical.

Photo: 1967
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Church (Mass 2)
Windows 17.2 %

Doors 1.8 %
Combined 19.0 %

Building is in Strasbourg, France. Windows
do not provide air circulation.

Photo: 2002

Church (Mass 12)
Windows 4.6 %
Doors 1.6 %
Combined 6.2 %

Building is a Roman Catholic Church in
Heredia, Costa Rica

Photo: 1994

Church (Mass 2)
Windows 14.1 %
Doors 4.5 %
Combined 18.6 %

Building is a Church of England
cathedral in Canterbury, England

Photo: 1993
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Church (Mass 2)
Windows 7.1 %
Doors 1.3 %
Combined 8.4 %

Church is in Koblenz, Germany

Photo by Dave Fordyce, ARL, 2004

Church (Mass 2)
Windows 8.3 %
Doors 1.9 %
Combined 10.2 %

Building is a cathedral in Chartes, France,
known for its stained glass windows.

Photo: 1995

Church (Mass 2)

Windows 19.1 %

Building is a cathedral in Paris, known for
its flying buttresses to support its tall,

narrow structure.

Photo: 1995
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Church (Mass 12)

Windows 10.2 %
Doors 3.1 %
Combined 13.3 %

Building is a Roman
Catholic church on St.
Thomas Mount in southern
Chenai (Madras), India

Photo: 1958

Religious Building (Mass 2)
Windows 2.6 %

Doors 2.2 %

Combined 4.8 %

This stone structure is in Jerusalem, Israel

Photo: 1983
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Framed Construction Buildings

Wood Framed Houses: Venting
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Wood Framed House (Framed 3)
Windows 11.2 %

Doors 3.1 %

Combined 14.3 %

House is in Stavanger, Norway

Photo: 1976

Wood Framed House (Framed 3)
Windows 7.8 %
Building is in Kuala Lumpur,

Malaysia
Photo: 1984

Wood Framed House
(Framed 3)

Windows 9.5 %
Doors 3.8 %
Combined 13.3 %
Building is in Imeln,
Sweden

Photo: 1983

Wood Framed House
(Framed 3)

Windows 7.9 %
Building in Helsinki,
Finland is of a traditional

style

Photo: 1983




Framed, Curtain Wall Apartment: Venting
(Framed 8)

Windows 17.6 %
Building is in Macao. Larger windows are for
daytime occupancy, smaller ones for

bedrooms and kitchens.

Photo: 1997

Framed, Curtain Wall Apartment: Venting
(Framed 8)

Windows 13.3 %

Building is in Lisbon, Portugal. Window size
varies, as in above photo.

Photo: 1991

Framed, Curtain Wall Apartment:
Venting
(Framed 8)

Windows 24.7 %
Doors 8.3 %
Combined 33.0 %

Building is in London, England

Photo: 1991

Framed, Curtain Wall
Apartment: Venting
(Framed 8)

Windows 39.4 %

Building is in Rotterdam,
Netherlands

Photo by Glenn Schumacher, 1980
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Framed, Curtain Wall Apartment:
(Framed 8)

Windows 39.4 %
Building is in Panama City, Panama

Aluminum frames separate large panes in
each module.

Photo: 1999

Framed, Curtain Wall Apartment:
(Framed 8)

Windows 34.1 %

Building is in Hong Kong. Each apartment
unit is fully vented at its outside wall.

Photo: 1983

Framed Heavy Clad Hotels: Venting

Framed, Heavy Clad Hotel (Framed 6)
Windows 20.4 %

Building is in Denver, Colorado

Each guest room has a window.

Photo: 1996
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Framed, Heavy Clad Hotel (Framed 6)

Windows 16.2 %
Doors 4.7 %
Combined 20.9 %

Building is in Tunis, Tunisia, classic hotel
from French colonial days

Photo: 1984

Framed, Heavy Clad Hotel (Framed 6)

Windows 18.8 %
Doors 1.9 %
Combined 20.7 %

Building is in Ho Chi Minh City (then
Saigon). Shutters in windows are typical
in tropical areas.

Photo: 1958

Framed, Heavy Clad Hotel
(Framed 6)

Windows 12.1 %
Doors 1.4 %
Combined 13.5 %

Building is in San Jose,
Costa Rica. Windows use
wooden sashes.

Photo: 1994

Framed, Heavy Clad Hotel
(Framed 6)

Windows 17.4 %
Doors 1.4 %
Combined 18.8 %

Building is in Singapore, the
famous Raffles

Photo 2004
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Framed Heavy Clad Hotel
(Framed 6)

Windows 30.9 %

Doors 1.1 %

Combined 32.0 %
Building is in Hong Kong

Photo: 2004

Framed Heavy Clad Hotel (Framed 6)

Windows 14.9 %
Doors 3.4 %
Combined 18.3 %

Building is in Tokyo, Japan. Its replacement
is a framed, light clad structure with larger
windows.

Photo: 1984

Framed Heavy Clad Hotel (Framed 6)
Windows 12.4 %

Doors 1.6 %

Combined 14.0 %

Building is in Paris, France

Photo 1992

Framed Heavy Clad Hotel (Framed 6)
Windows 21.8 %

Building is in Colombo, Sri Lanka. Smallish
windows are similar to those seen in Brick

hotels.

Photo: 2004
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Framed Light Clad Apartments with Infill Windows

Framed Light Clad Apartment
with Infill Windows (Framed 8)

Windows 15.6 %
Doors 3.3 %
Combined 18.9 %

Building is in San Jose, Costa Rica

Photo: 1994

Framed Light Clad Apartment
with Infill Windows (Framed 8)

Windows 12.4 %
Doors 3.4 %
Combined 15.8 %

Building is in New Delhi, India.
Window setback provides valuable
shade

Photo: 1967

Framed Light Clad
Apartment with Infill
Windows (Framed 8)

Windows 21.5 %

Doors 6.1 %

Combined 27.6 %
Building is in Guilin, China

Photo: 1997
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Framed Light Clad Apartment with
Infill Windows (Framed 8)

Windows 19.9 %
Building is in Cairo, Egypt

Photo: 2004

Framed Light Clad Apartment with
Infill Windows (Framed 8)

Windows 9.9 %
Doors 2.2 %
Combined 12.1 %

Building is in Tel Aviv, Israel

Photo: 1999

Framed Light Clad Apartment with
Infill Windows (Framed 8)

Windows 14.6 %
Building in Gibraltar

Photo: 1991
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Framed Light Clad Curtain Wall Hotels: Venting

Light Clad Curtain Wall Hotel (Framed 9)

Windows 13.3 %
Door 2.0 %
Combined 15.3 %

Building is in Uppsala, Sweden. Small size of
rooms are apparent from the window spacing.
Windows tilt vertically to open.

Photo: 1992

Light Clad Curtain Wall Hotel (Framed 9)
Windows 10.7 %
Building in California

Photo: 1989

Light Clad Curtain Wall Hotel (Framed 9)
Windows 44.2 %

Building is in Macao (now China). Windows
occupy most of end wall of each guest room.

Photo: 1996
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Light Clad Curtain Wall Hotel (Framed 9)
Windows 23.8 %

Building is in Edmonton, Alberta, Canada.
Mullions separate windows.

Photo: 1982

Light Clad Curtain Wall Hotel (Framed 9)
Windows 14.3 %

Building is in Sydney, New South Wales,
Australia. Window style falls into the class of

“minimum.”

Photo: 1992

Light Clad Curtain Wall Hotel (Framed 9)
Windows 24.4 %
Building is in Shanghai, China.

Photo: 1996
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Framed Light Clad Infill Wall Hotel: Venting

Light Clad Infill Wall Hotel (Framed 9)
Windows 33.2 %

Building is in Bangkok, Thailand. Sliding
glass window/door provides access to deck

for each guest room.

Photo: 2004

Light Clad Infill Wall Hotel (Framed 9)
Windows 15.9 %

Building is in Singapore. Again, note
window-glass window/door for entry onto

deck.

Photo: 2004

Light Clad Infill Wall Hotel (Framed 9)
Windows 35.3 %

Doors 2.6 %

Combined 37.9 %

Building is in Guilin, China. Note mullions
separating guest rooms.

Photo: 1996

Framed Light Clad Curtain Wall Office Building: Venting
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Light Clad Curtain Wall Office Building
(Framed 10)

Windows: 50.0%

Building is in Bangkok, Thailand. Open
tilting windows suggest either building has
no air conditioning or occupants choose
not to use it.

Photo: 1983

Light Clad Curtain Wall Office Building
(Framed 10)

Windows 42.4 %
Doors 1.4 %
Combined 43.8 %

Building is in Stavanger, Norway.
Windows are in a spandrel pattern.

Photo: 1976

Light Clad Curtain Wall Office Building
(Framed 10)

Windows 32.2 %

Building is in Manila, Philippines. Spandrel
pattern is seen again.

Photo: 1981

Light Clad Curtain Wall Office Building
(Framed 10)

Windows 16.3 %
Building is in Uppsala, Sweden

Photo: 1994
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Light Clad Curtain
Wall Office Building
(Framed 10)
Windows 28.4 %

Building is in Haifa,
Israel. Spandrels.

Photo: 1999

Light Clad Curtain Wall
Office Building
(Framed 10)

Windows 56.7 %
Doors 2.7 %
Combined 59.4 %

Building in Tel Aviv,
Israel. Photo: 1999

Light Clad Curtain Wall Office
Building (Framed 10)

Windows 28.5 %
Doors 3.7 %
Combined 32.3 %

Building is in Prague, Czech
Republic.

Photo: 2004

Light Clad Curtain Wall Office
Building (Framed 10)

Windows 56.3 %
Doors 1.5 %
Combined 57.8 %

Building is in Koblenz, Germany

Photo by Dave Fordyce, ARL, 2004




Light Clad Curtain Wall Office
Building (Framed 10)

Windows 58.8 %
Building is in Hong Kong. Another
example of the popular spandrel type

of window pattern.

Photo: 2004

Framed Light Clad Infill Wall Office Building: Venting
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Light Clad Infill Wall Office
(Framed 10)

Windows 28.3 %

Doors 1.7 %

Combined 30.3 %

Building in Lima, Peru
Photo: 1980

Light Clad Infill Wall Office
(Framed 10)

Windows 17.2 %
Doors 2.8 %
Combined 20.0 %

Building is in Manila,
Philippines. Note again the
provision of shade for
tropical area buildings.

Photo: 1981

Light Clad Infill Wall Office
(Framed 10)

Windows 25.9 %
Building is in Salzgitter,
Germany. Tilt windows are

seen.

Photo: 1999
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Light Clad Infill Wall Office (Framed 10)
Windows 17.7 %

Doors 1.9 %

Combined 19.6 %

Building is in Chenai (Madras), India.

Photo: 1967

Light Clad Infill Wall Office (Framed 10)
Windows 34.9 %

Building is in Salzgitter, Germany. Visible
partitions as seen through windows reveal

different size office units.

Photo: 1999

Light Clad Infill Wall Office (Framed 10)

Windows 11.3 %
Doors 1.3 %
Combined 12.6 %

Building is in San Jose, Costa Rica. Again,
smallish windows are seen in a tropical
environment.

Photo: 1994




Light Steel Framed Industrial/Storage Buildings: Venting
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Steel Framed I/S
Building (Framed 20)

Windows 5.2 %
Doors 8.7 %
Combined 13.9 %
Building in Bangkok,
Thailand. Photo 2004

Steel Framed I/S
Building (Framed 20)

Windows 4.1 %
Open end.
Building in Tokyo,
Japan.

Photo 1967

Steel Framed
Industrial/storage
Building (Framed 20)

Windows 5.1 %

Building is in
Salzgitter, Germany
Minimum lighting but
maximum security

afforded by small
windows.

Photo: 1983
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Steel Framed
Industrial/Storage
Building (Framed 20)

Windows 7.2 %
Building is in
Switzerland, near

Zurich

Photo: 2004

Steel Framed
Industrial/Storage
Building (Framed 20)

Windows 2.1 %
Doors 20.4 %
Combined 22.5 %

Building is in Uppsala,
Sweden

Photo: 1992

Steel Framed
Industrial/Storage
Building (Framed 20)
Windows 2.9 %

Building is in Uppsala,
Sweden

Photo: 1992




INTENTIONALLY LEFT BLANK.

358



Bibliography

Brannigan, Francis, “Building Construction for the Fire Service”, National Fire Protection
Association, Boston, MA, 1979

Kharrufa, Sahar, “Reduction of Building Waste in Baghdad Iraq”, Building and Environment
Journal

Macaulay, David, “Unbuilding”, HMCo 1981

Maheri, Mahmoud R., Naeim, Farzad, and Mehrain, Michael., “Performance of Adobe
Residential Buildings in the 2003 Bam, Iran, Earthquake”, Earthquake Spectra, Volume 21,
No. S1, pages S337-S344, December 2005

World Housing Encyclopedia Reports (many countries worldwide) over several recent years
Other references available upon request

Publications and reports by Richard Ellefsen

“A Method for Inventorying Urban Morphology”, Fourth Symposium on the Urban
Environment, American Meteorological Society, Norfolk, VA, 20-24 May 2002, pages
29,30, with Ron Cionco

“Design for a Remote Sensing Project for USAID, Peru” (with R. Campbell and S. Sader)
Resources Development Associates, 154 pages

"Monitoring the Areal Growth of San Jose, Costa Rica," Proceedings of the Fourteenth
International Symposium on Remote Sensing of the Environment, Environmental Research
Institute of Michigan, Ann Arbor, M1, 1980

“Urban Terrain Zone Based GIS for MOUT,” published in the Proceedings of LIS/GIS ‘94,
Bethesda, MD

"Use of Vertical and Oblique Aerial Photography to Inventory Building Surface Materials,"
Development of Extrapolation Procedures for a Materials Distribution Data Base (a report),
Life Systems, Inc. Cleveland, OH, December, 1986.

359



Glossary

360



361



362



363



Index

Adobe 47, 58
buildings, geographic distribution 58, 62
construction method 11, 59, 61, 62-65, 70
dimensions 8, 58, 62, 66
material 62, 67, 69
venting 60
wall thickness 62, 68
Ashlar stone walls 48, 49, 55
Bibliography 359
Bonding (brick)
English bonding 67, 77, 265
Flemish bonding 70, 114
Box wall construction 157, 158
apartments 157, 159, 167
construction method 163, 164, 165, 166
floors 163, 165
walls 163, 164, 166
Box-wall apartments 157-167
construction method 163-167
elevation 158
floor plans 159-162
Box-wall hotels 168-172

construction method 170,171,172

364



elevation 169
floor plans 170-171
Brick infill walls 237-239, 246, 262, 263, 265
brick wall thickness (double brick) 246-247, 262
Brick over block 133, 137, 142
construction method 133, 134, 140-142
Brick walls 75, 76, 78, 83-84, 92, 96-98
abutted brick walls cross-section 93
differential thickness 110, 114, 116, 119, 121
five-story building cross-section 114

brick wall thickness 77, 78, 80, 81, 88, 92, 96, 98, 100, 102, 108, 109, 111, 118, 188,
192,204 , 213, 238, 239, 246, 247, 265

differential thickness, 93, 96, 98, 100, 102
five-story building cross section, 96

Brick dimensions
kiln-dried, 77,78, 83, 84, 91, 93, 96, 102, 109, 118
mud-dried, 62

Building properties table 8§, 9

Central pylon building 231-236
cladding 235
construction method 233-236
mass construction pylon 231, 233-236
office floor plan 233

steel beam connections 236

Cladding 46

365



heavy-cladding example (hotel),198, 204

heavy-cladding example (office), 213

light-cladding example (apartment building), 214, 215

light-cladding example (hotel), 219

light-cladding example (office) , 226, 227

central pylon office example, 233-235

industrial/storage building example, 286, 287, 290
CMU (Concrete Masonry Unit) Blocks

dimensions 119, 121, 122, 125, 127

rebar placement 122, 123, 132

CMU construction 119, 120, 123, 127, 130, 131, 134, 136, 140, 141, 255-257, 260, 262,
263

use in infill walls 255-257, 262, 263
use in load-bearing walls 123, 126, 127, 132, 136, 137
Concrete poured-in-place construction 143, 145, 147, 148, 150, 151
use of pilasters 148, 149
Construction type, materials used 14-15
Corrugated steel roofing 267, 277, 286, 287, 290
Courtyard Houses 78-84
construction 78-82, 83, 84
women's courtyard 80
roof 82
articulation with rooms 80
Curtain wall 28

Domes

366



adobe house 58, 60, 63
Mosques 110, 111,113,114
Door dimensions
personnel 267,268, 277
truck 116,267,268, 277
Double brick walls (infil) 246, 247
English bond (brick) 77, 83, 265
English bond (adobe) 67
Facing 134, 142
Flemish bond (brick) 114
Floor plans 43
apartments 94, 95, 145, 159-161, 259
churches 54
hotels 99, 170, 171, 200-203, 220-222, 224
houses 50, 61, 73, 74, 80, 88, 89, 121, 135, 139, 176, 185, 191, 216, 240, 241, 251,
252
industrial/storage buildings 117, 130, 131, 154, 269, 274, 279, 288, 292
mosques 111, 124
offices 103, 207-210, 228, 233, 264
school 283-284
stores 66, 108, 126, 150, 179, 195, 264
Framed Construction
definition 10, 18
function 15

materials 14

367



Military Operations in Urban Terrain (MOUT) significance 10
Framed Construction flow chart 11
Glossary of terms 360-363
Half-timbered buildings 174-182
construction method 175, 176, 177, 179, 181, 182
elevations 175,179
floor plans 176, 180
materials 176, 177, 181, 182
Headers 68, 77, 84
Heavy cladding 198, 204, 213
Hof-style building 92
floor plans, ground floor 94
floor plans, upper floors 95
Industrial-storage buildings 115-118, 128-132, 266-280, 286-293
brick 115
framed construction 266, 271, 276, 286-291, 293
Infill walls
brick 237-239, 246, 262, 263, 265
CMU 255-257,262, 263
terra cotta 248-250, 271-273
windows 26
Light steel framed construction 286-291
Light well 95
Lintels 56, 65, 364

Mass Construction

368



definition 10
function 15
materials 14
Mass Construction flow chart 11
Mass versus Framed construction 18
Morphology 10
Mortise 364
Mosque orientation 112
Mullion 27
Pediment, shaft, and capital 198
Pilaster 365
Post and beam construction 175-177, 182
Purlins 182, 365
Rebar placement in CMU walls 122, 123, 132
Roofs 29-43
roof pitch/land use 30-38
roof material 40-43
roof types 29-32
Reinforced concrete framed buildings 214-230
construction methods 215,217, 219, 221, 223, 224, 227, 229, 230
floor plans 215, 216, 219-222, 228
Reinforced concrete framed buildings with infill walls 237-280
construction methods 237-239, 242-250, 253-257, 260, 262-268, 270-273, 275-278, 280
floor plans 240, 241, 251, 252, 258, 259, 261, 264, 269, 274, 279

Reinforced concrete framed school 281-285

369



construction methods 285
floor plans 283, 284
Room dimensions 43-46
Rubble stone walls 48, 49, 55
Shear walls 10, 11
Spandrel 27
Steel framed construction 197-198
column spacing 204, 211, 212, 215, 223, 224, 229, 230, 234
connections 212, 236
Stone buildings
houses 48-51
institutional building 52-57
stone over concrete 143, 147
stone wall thickness 50, 51, 54
window to wall ratio 21
Stone lintels 56
Stretchers 68, 77, 84
Stud walls 186, 187, 192, 217, 221, 224, 230, 288
Sun-dried brick 47, 58
Tenon 177,179
Terra cotta block infill walls 248-250, 271-273
Tilt-up buildings 152-156
concrete wall thickness 156
construction method 152, 155

Triple Brick walls 77,91, 118, 265

370



English bonding 77, 265
Flemish bonding 114
Urban Terrain Zones classification scheme 294-315
Urban Terrain Zones types 299-315
Venting explained 17
measurements and dimensions 21-26
proportion windows to walls 21-25, 72, 120
venting types 26-27, Appendix A 317-357
Wall thicknesses
brick 8, 93,96, 98, 100, 102, 108-109, 111, 118, 188, 192, 204, 213, 238, 239, 246, 247
CMU 119, 121, 122, 127
heavy cladding 204, 213
light cladding 219
stone 48, 50, 51-57
Wattle 177
Web reinforcement 166
Windows
dimensions 25-26
proportion of wall area 21-25
Wood framed houses 183-192
floor plans 185, 191
siding 184, 186, 187, 192
wall construction 186-188, 192
Wood framed store 193-196

construction 195, 196

371



372



