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1.0 EXECUTIVE SUMMARY

N '

This work, Characteristics of Urban Terrain, expands uypon findings dis- =3 -
played 1n a jrevious sutdy (nggg_gyifhing Characteristics, Ellefsen, 1977) -
completed for the Naval Surface weapons Center, Dahlgren, Virginia. Results
* reported here are far more detailed in every respect. For instance, exact
' figures are gyiven for such building . - scteristics as thicknesses for axterior
walls and interior partitions of varyi.g types; the previous study provided
data within ranges. Data reported carlier were subjected to intensive analvsis 3
and are presented here in expanded form, both graphic and tabular. Broad, new :
conceptual notions concerning the environmental setting for buildings were
oxplored, measured, analyzed, and presented in a variety of graphic ways.
Findings which have potentially very high value for consideration of conduct-
ing military operations in urban areas are presented,

Two principal subjects are examined. The first concerns urban buildings
and 11 subdivided into the two soctions of (1) architectural characteristics,
and (2) characteristics of walls, The second major svction treats various
forms of areal patterns such as building pla-ement, street widths, lines-of-
s1ght, and open spaces. :

1.1 SUMMARY OF RESULTS
Key findings are described under the chapter headings used in the report.

‘ Graphs and tables provided in the text provide specific data.

1,1.1 Aranitectural/structural Characteristics of Buildings

well demonntrated throuyhout the report is the binding relationship which
exists brtween a bullding®’s architectural/structural form and the arrangement
of its interior. Equipped with a knowledge of a building's type of construc-—
tion, its function, and its outside appearance, it is possible to predict the
nature of its inter:or with a high level of reliability. Numerous liagrams
ilJlustrate theoretical sizes and arrangements of rooms, hallways, #nd service
; modules, These are supported by data from measured, reported real cases.
' Average sizes of rooms, per function, add further evidence.

! In a similar vein, generalized findings are presented on the nature of
building venting. Based on projections on building construction characteris-
tics and function, it is also possible to establish principles concerning
size, shape, and patterns of a building’s windows and doors. Diagrams illu-

. strate the situation, and ancillary data from measurcments lend support. 75
) 1.1.2 Characteristics of Building Walls "
{
1 i A major eacly concern among military planners examining the nature of o

4 urban terrain has been the constructional type and thickness of building walls. "_
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The pofaible need to breach walls (or to usu them in a defensive posture)

has required data on their nature. These are provided in the study for build-

ings of all of the subtypes of the two major clagses of frameless and framed.

For example, thicknesses of brick walls (for structures of varying heights) .
are given, as are data on several types of cladding for framed buildings,

1.1.3 Urban Spatial Patterns

The fair portion of a city's arva which is not built upon has a high poten-
tial military significance for it is the area important in circulation, ground
and air traffic, and supply and deployment. The chapter i{dentifies these
areas, describes their nature, measures them, and places them in a military con-
text. Key attention is pald to line-of-sight characterjistics both along and
acrass strects and across opoh spaces. Data are provided, such as the figure
{taken from measurements in 16 international study cities) that nearly two-~
thirds of all strcets have widths ranging from 15 to 25 m.

Important difterences in linc-ot-sight distances occur, however, within
the city. Diagrams illustrate the tyj» : of situations which occur in resi-
dential areas of various types, commer. 1al-industrial districts, and newly
built outer-city units.

Special emphasis was given tO a test case, Bremen, FRG. Neasuropants were
made of along-the-strvet lince-of-sight resylting in a general mean of 162 m
(for the older section of the city). For the same arca, the across-the-streset
line-of -s1ght distince was 17.4 m,

Lines~-of-si1ght distance data were used to address the problem of the suit-
ability of employing shoulder-carried assauvlt weapons. Extreme narrowness of
some of the streats entertaina the risk that there are areas in some cities
where weapon usage of certain types may be precluded. Same variations occur,
however, at corners and street intersections. Drawings indicate ths nature
»f the situation,

An attempt to develop useful methodology to apply to large numbers of
cities was made by providing data on the ratio between surface gpace on the
street to building floor space. Theoretically, the higher the proportion of
floor space to street, the greater the degree of difficulty to potential mali-
tary operations. Bremen and Casablanca are measured test cases,

Another coraideration of nor~built-upon arca was presented regarding the
nature and pattern of open spaces within a city. Quite remarkatly, for the 16
cities atwdied, open spaces near the center of a clity demonstrate a high level
of universality. Mean sizcs and mean distances apart vary but little. Knowl-
edge of this phenomnnon could be useful to military planning.

Yet another example of spatial patterns in the city is expressed in the
investigation of the nature of the periphery. For two test cases, Brewman and
San Jose, Costa Rica, (represcnting two varied approaches to the problem of
urban oxpansion), 1. was seen trat there are meagurable dimeusions to the con-
tiguously built~up part of the city and to urban exclaves in the surrounding
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countryside, Urban exclaves can be considered as fortification "redoubts™ and
would probably play a key role in defense of a city's perimeter. Intervening
open spaces can be considi red to be a series of "moats™ (open fielda-of-fire)
which would have to be cronsed by an advancing force. Knowledge of the nature
of these phenomena, such as the types of buildings presunt, their density, and
an evaluation of their ruesistance, could be potentially very useful.

1.2 CONCLUSIONS

Afcrer full examination and analysias of the data gathered, the following
cenclusions were reached:

a. Characteristics of buildings and their scttings have potentially high
valuc to the possible nacds of military activity in urban terrain,

b. Universals among cities are more important than local differences,
Cities of & given size are similar despite the general nature of the country
in which they are located.

©. Building characteristics are strongly tied to the form of construction
and to the intended function, and these vary but little from place to place.,

d. Tho basic classification system (vmployed in the earlier study) is
sound and should be applied 1n any further use.

e, The interior characteristics of a building may be predicted by observ-
1nq salient features of the exterior.

f. Buildings facing strect corners frequently have a character which may
be of considerable importance to tactics planners.

g. A definite order oxists in wall thicknesses and construction form for
walls of various types regardless of where located,

h. The nature of cladling in framed buildings, although generally light
in stiength and resistance, could Le more important than formerly considered.

i. It is now possible to forecast the total amount of wall breaching
which might be necessary in a given sector of a city.

j. The interior partitions of buildings are fairly universal in character
and their potential role in intrabuildin, military operations can be known.

k. A definite order exists in the pattern of non-built-upon space within
the city.

1. Average lines-of-~sight are related specifically to certain types of
buildings and to certain functional zonecs.

e mmaa,

idony- gy
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m, Little diffcrence occurs from place to place (one large city to another
1 large city) in the world regardless of the nature of the countries.

n. Patterns of urban development at the odge of the cuty do vary region-

ally and are in accordance with natioral policies and cultural differences.
Military planning needs to take note of thes:' and to study regional variation.

1.3 RECUMMENDATIONS

Analysis of the findings has led to the development of several recompmenda-
tions. They aro:

a. Full assessmont should be made of 3just where and how much breaching of
walls might poasibly be required. Application of data from the study (plus
methodology developed) would allow the making of such an evaluation.

. Building settings, relative to the wall breaching, should be considered
to determine the type of weapon and tactic which would be required.

c. The documented universality of rpen spaces should be brought fully into
tho planning procoss as it bewars vpon t.ansportation, tactics, and logistics.

d. An index which relates street arca to floor space should be developed
for a number of cities and situat.ons.

e. A refainoment should Ix duveloped which empluys thw varisbles ot declin-
ing militaiy usage with increasing u:ilding hejght and the fortifiability of a :
structure. !

f. Further consideration should be given to the possible implications
of satreet intersections and corner building configuratjions.

9. All of the types of walls identified {n the study should be simulated
and used in test firangs of weapns, This includes varying weapons and both
walls and partitions.

. h. Consideration should he given to developing a match between type of
' target and weapon and warhead to be used.

i. Consideration should he given to cladding (both light and heavy) which
! is applied to framed buildirgs. Some of the heavy cladding could cause more

: difficulty than had previously been supposed and should be tested. Angles at
which concrete cladding is placed (some of which reaches 20 cm in thickness)

on exteriors of modern buildings could alasc present a prablem.

j. Building venting (windows and doors) should be simylsted and used in
test firing at various angles arnd distances to determine their potential as
targets and what bearing they have apon weapon sighting,
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k. Attention should also be given in a testing situation to the charac- =
ter of building interior partitions. Some are possibly more resistant then 1
previcusly thought. Another need is to relate them to possible tactical
situations.

1. The cones-of-fire based on given minimum arming distances, linea-of- b
: sight, and angles of obliquity need to be considered in a testing situation. B

m. The findings should then be furtheir related to the expected locations
where they might be fired to determine relationships of adjacent rooms to
the back-blast problem.

n. A}l the component spatial features of a city should be considered in
tactics planniny for advance upon {(or dofense of) a city. “"Redoubts” and
“Moats” should be examined further for additional c.ses.

9. Training &reas, vither models or simulated full size, should consider
the findings ‘of the study to aid in desigh and planning.




2.0 INTRODUCTION

This study is the second in a series, Ths first was Urban Building
Characteristics (Ellefsen, 1977) which appeared as a published research report
written for the Naval Surface Weapona Center, Dahlgren, Virginia. The study
pruserited portinent data on building charauteristics and their settings for
16 selected internatioral cities. Data were derived in part from published
sources in architecture and structural engineering and in part from observations
made in the vield. That study scrved several supsequent purposes for various
members of the community interested 1 military operations in built-up areas
(MOBR) ¥, It also resulted 1n the flagging of several arcas of interest requir-
ing further study and procuresent of sdditional data. All of these and more
were investigated ain this study.

The methad employed was to direct the rescarch to pointed questions con-
cerning the three topics of (1) building architectural characteristics, (2) wall
configurations and Jimenuiony, and (3) spatial patterns of urban phenomena.

All were examined, measured, analyzed, and related to specific matters of mili-
tary concern. In the coursc of study, many new items of data were found and
ysed in addition to the use, further manijpulation, and analysis of data from
the criginal study. A high level of detail was emphasized throughout. 1In
examples of real citirz, precise measurements were made of such features as
atroct widths, horizontal lines-of-sight, and wall thicknesses. Detailed
published engineering sources wre eought and used.

In the coutse o! sceking to provide specific answers to tasks specified in
the contract, several screndipitous results surfaced. These, in turn, led to
some new thinking about the nature of the city as a potential site for ailitary
operations. Sect against intercsts indicated by users at meetings of the Mili-
tary Operations Rescarch Society and clsewhere, several ideas were generated
concerning innovative ways to examince the urban environment to attempt to
learn more about 1ts characteristics relative to military needs.

Thus, there results from this study a partacular set of data designed to
answer specific contract reguirements plus material which could be useful in
helping to answer a variety of questions raised in the MOBA community. Some
of the conclusions concerning these latter itoms are tentative, suggesting yet
further investigation.

Some of those questions relate to urban tmildangs as potential targets,
some to the nature of the environment in which these buildings are located,
and rowa to the broad r spatial patterns of whole metropolitan areas, A few
examples will serve to fllustrate. It is postulated, for example, that such
a strong relationship exists between the interior arrangement of buildings

*The term MOBA is used throughout the study, not in ignorance of or disagree-~
ment with the term MOUT (Military Operations in Urban Terrain) but simply
bacayse it i8 universally understood.
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and their architecture that it is possible to forecast, with considerable pre-
cision, what to expect on tho interior of a building by noting salient points
of the exterior. For another example, the variety of building materials,
although great, replicates almost universally. Bacause of thig, it would be
possible to develop a sct number of target types which would meet all possible
tosting and trairing reeda, Yet ancther example is that the environmental
settings of buildings of certain types may be known and that this knowledge
could possibly bo treated by computer manipulation to arrive at the best possi-
ble sclutions to field problems.




3.0 ARCHITECTURAL/STRUCTURAL CHARACTERISTICS OF BUILDINGS

An understanding of the nature of buildings, whether it be for military
purposes, civilian necds, or simply acquiring <cademic knowledge, can be
gained only through an appraisal of the multipiicity of factors which bear upon
design and structure. Acting in an interlocki:g fashion are parameters which,
in the 2ggregate, dictate the shape, size, height, structural characteristics,
function, and overall appcarance of a structure. The variations from time to
time and from place to place within each parameter plus the nearly infinite
combinatiors cause building forms to vary widely in the world's cities.

Fortunately, for purposes of clasaification, fairly universal conditions

have prevailed in architecture, structural techniques, and building function
globally for a long cnough period of time to cause basic, replicative patterns.
Many buildings have, in fact, been built in major cities by multinational
construction companics, further dispersing types and promoting universality.
At the very least, architectural designs and building techrnology have histcri-
cally been widcly transferred from one country to ahothecr, It is not surpris-
ing to find the same kind of structures in such disparate cities as Hong Kong,
Sa0 Paulo, and Johanncsburg.,

A diagram (Figure 1) is designed to illustrate how major parameters bear
upon the characteristics of a building. The architect's concepts and designs
{upper lcft) are widely recognized as being of key importance; note that an
architoct®s name or firm is normally credited before that of the construction
company. The architect's objectives are to produce an artistically pleasing
structure which meots his client's functional space needs while conforming to
the constraints of structural possibilities, costs, and other design regquire-
munts which are strictly codified and enforced by public agencies. Building
configurations also vary through time and indeed are often symbolic of a period.
The age of the heavy, ornate skyscraper of the American city of the first third
of this century is quite difforent from that associated with the low-rise
masonry structures of European citied of the latter nineteenth century.

The structural engincer alsu has a vital role to play in affecting build-
ing characteristics. He is primarily concerned with the atructural integrity
of the building but working within the cost limitations of his clients. He
attempts to produce, in an economic way, all of the design elemerts stipulated
by the architect., While classic confrontations have sometimes arisen between
_ the two, the net offect of compromise is important in underestanding the com-
i pleted building. The engineer is regponsible for selsesction of the materials
: of the structure. Beam and column configuration and strength plus the method
for tying them together are vital to the building's ability to withstand verti-
cal and horizontal forces. The thickness of weight-bearing walls and of decora-
tive cladding is also considered. Taken together, a knowledge of the physical
nature of the building is of vital importance to understanding ite military
significance. A structure's strength and weakne:s may be applied to military
planning problems.
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Function also plays an important role in forming a building‘'s characteris-
tics. Requirements for space in varying configurations result in geveral types
g of buildings. Fortunately, however, for purposes here the poasible functions
; . are relatively few in number and are universal. The need, for instance, for
storage space to support industrial and wholesaling functions is the same both 2
for developing and developed nations. Office and hotel space division is also %
essentially the same everywheore.

An understanding of the historical perspective is also important. Because .
of the longevity of buildings, virtually all cities have whole sectionas where E
buildings of a particular period are extant. Common in all of the cities pre- 7
viously studied are arcas where buildings of varying eras predominate. For
inytance, vestigiasl brick building areas are found in one section of a city,
heavy-cladded frame siryctures in another and tilt-ups in another. Each is .
vyalated to a particular span of ycars when certain designs and structural A
engineering practices were cmployed. Helping to segment time are the natural S
breaks caused by war, depressions, and rapid introduction and acceptance of
breakthroughs in building technology.

As a final jarameter in tle diagram, legal requirements and cultural pref- 2
erences have an impact on building configuration. Sometimes ag a result of
such major cvents as war and natural disasters, vhole sections of cities reflect
departures in building codes. Cultural preferences may manifest themselves in
building design which reflects symbolic nationatl characteristics. The "“heavy”
style of architecture of the Soviet Union and the use of the traditionsl pitched
roof in wmodern concrete-framed buildings in Germany are good examples.

3.1 GENERALIZFD SPATIAL PATTERNS OF BUILDING TYPES

The interplay of the above factors also accounts for a regionalization of
building types within the city., A principal force is the market place. The
extremely high value of the most centralized land in the center of the city
(the dowatown) has led to a process of constantly replacing older, saaller,
less economic structures with taller, more efficient buildings. The multipli-
cation of the finitec amount of available centralized surface space through SRS

: the device of adding more flours to a building has resulted in an ever taller )
skyline for most cities. To mect this need, framed buildings which could

reach heights of 100 and more floors replaced masonry wall, mass structures

with their inherent height limitations of but a few floors. New sections of R
cities always reflect the building technology of the period of their construc- .30
tion. WNew wholesaling and light industrial sections are today composed very - .

largely of either concrete-framed or concrete tilt~up structures,

The generalization can be made about cities throughout the world that
distinctive areal patterns of building types and functions exist. These
morphological/functional regions of a large proportion of cities are readily
identifiable and follow generally replicetive patterns. A generalized wmodel
of a modern city in a country with a fairly long urban hirtory consists of
the 20nes of:

11
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a. Tall, steel- or concrete-framed buildings with light cladding in the
centey of the city on the highest value land,

b. An adjacent area of framed (steel or concrete) buildinge with heavy
cladding. These are fairly tall but not as tall as the previocus class and are
located on land of slightly lass value.

¢. An area of masonry buildings, vestiges of a period whan a city was
composed mostly of such structures. Height is restricted to but a few floors.
Uses are varied and rents are considerably lower than in the previous two
classes.

d. An area of framed (usually concrete) buildings used for storage and
light industry. These have traditional central business district “"frame™ uses
such as the selling of office furniture, housing the printing trades, or being
warehouses.

e. Beyond this are the city's residential areas. Nearer to the center
are the older, often multiple-family structurva {(many of which are converted
from once single-family houses).

f. Yet farther away from the center is the newar industrial area composed
mostly of either concrute-framcd or concrete tilt-up bufldings.

g. Farthest away from the center is the sprawl of suburban housing.
Building architecture and structure are products of local styles and building
materials; sone are mass-construction (usually brick) while others may be
light framed.

The genaral types and their basic characteristics, as identified in
Urban Building Characteristics, are seen in Table 1.

Table 1. Principsl Building Characteristics

Type of
Construction Building Material
Frameless Stone
Prick
Concrete Block
Concrete Wall and Slab
Concrete Tilt-Ups
Framed wocd (Balioon)

Steel/Concrete (heavy cladding)
Steel/Concrete (light cladding)
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3.2 BUILDING INTERIORS

The arrangsment of interior apace within a building is a direct product
of its design, method of construction, uand intended function. Buecause these
parameters--an extension of thase discussed above in connection with the
entire buililing--are universal, it 18 possible to forecast the interior
arrangement of a building by knowing its constructional type and function as
identified by obscrvation from the outside. Numerous examples follow which ]
demonstrate the great differences in interior spatial arrangements. - S

3.2.1 Frameless Structures

Buil.lings whose principal structural strength is borne by exterior load-
bearing walls have interior arrangements which are not related to a supporting
frame {(ax it is with framed structures). Accordingly, there is great flexi- .
bility in the design and use of interior space, Function, rather than form, 3
becomes the predominate factor. The interior may be completely open and withe- L
out partitions or columns :f the function so requires (a gymnasium is a good 3
example). o

The simplificd model of a multi:story hrick building (Figure 2) demonstrates
the urinciple. The exterior load-bearing walls are thick enough to support
thcir own weight and that of the floors and roof; variations of thickness with
building height appoar in Chapter 4,0. A secondary support t2 floor/ceilings
is provided either by columns cr by load-becaring partitions in instances where Lo
fairly large intericr open spaces arc ruquired. ¥ —

Floor plans are thus primarily a product of the usage intended in the
original architectural design of the building. Due to the widesprecad use of
this form of construction all over the world for such a long period, examples
of almost every possible type of function may be found. Still, a commonality
is identifiable and scrves as a bise for the making of ugseful generalizations,

Brick structurcs are widely used for retail stores. In such use® there is
a demand for unrestricted open space for the display and gelling of merchan-
dise. Small rctall stores (a common situation along commercial streets where
each merchant holds access to the passing trade as essential, are invariably
80 narrow that the beams crossing over the twe gidewalls are sufficiently
short to support the roof load without the need for interior columns or parti-
tions. larger stores are multiples of this aminimum distance (no more than 3
7 to 10 m) and thus require columnn to augment the strength of cross beams. 20
Columns in such instances, considering that the buildings in which they are y
found were built in the last century, are cosmmonly made of iron.

Reference must also be made to the axioms which dictate the functional :‘
use of buildings. Mont of the brick buildings still used for office purpuses
in the U.S. were constructed before corporations were large e#nough to warrant
individual buildings. Multiple story buildings (almost invariably located
along major streets) were devoted to usage ae retail while upper floors were
designed either to be used for qeneral »ffices, if the buildings were located

13
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in arcas of commwrcial concentrations, or residenticl if away from such areas.
Thus, the common situation for buildings wider than 4 or S m was for them to
have a retail store or stores on the street floor with interior columns to
support upper floors. The upper floors were partitioned into small units,
either offices, hotel rooms, or apartgent rooms. The partitions of these were
ordinarily made of wooden studs covered with lath and plaster (see Chapter 4.0).

In parts of the world where brick construction is still practiced for
buildings of moderate height (two or three floors), the same conditions obtain,
In such cities, it is the commercial center which has the modern steel or
reinforced-concrete-framed buildings of greater height. Such structures pre-
sent the only way for builders to offset the high cost of land in city centers.
Thus, the brick structures are placed along lesser commercial streets. Again,
the ground floor is used for retail purposes and upper floors for offices or
human habjtation., Ground floors are more open, depending on building width,
and upper floor interior us:e is segmented.

The wide range of possibilities for arrangement of interior space is much
the same for reinforced concrote tilt-up structures as it is for mass construc-
tion brick buildings. Again, the strength of the load-bearing exterior walls
is augmented by steel (instead of the iron used in early brick buildings)
columns to support the roof.* For economic reasons, walls are kept as thin as
possible., Buildings of considerable size {for warehouses or structures for
light industry) which reach heights (nominally nho more than two stories) of 8
to 10 m have walls which range from only 14 to 25 cm in thickness.

To date, tilt-up buildings--although their form of construction offers
congiderable savings in labor costs over poured-in-place reinforced-concrete-
framed construction--have been used primarily for structures whose principal
objective is to provide large, open interior spaces. Storage is a common func-
tion (see Figure 3). 1In such structures, the usual single floor configuration
is desirable bacause of the use of forklift trucks to move and stack goods on
pallets. The narrow, aligned roof-supporting columns offer no serious impedi-

& ment to use. Light industry finds such quarters similarly satisfactory. 1If
© -3 ] any partitions are desired, they may be made of thin material. The modularity
’ provided is a plus in the confiquring of the space to meet client nceds. The

use of such structures for large retail stores is also facilitated by the type
of construction; interior support columns are readily enclosed by racks of
displayed wrchandise. The usual partition separating goods storage from sales
area is non~load-bearing and may be free-standing. The tilt-up form of con-
struction even lends itself to the forming of decorative aggregate on the

; exterior walls while the wall is under construction on the floor of a building
i under construction,

As the evolution of tilt-ups goes on, there have been several instances of
their use for offices and other forms of segmented interior space. 1In these

*Newest construction is employing pilaster (column~-like) members of reinforcaed
concrete which connect concrete panels and help to support roof loads.

15
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cases, which usually rise to two stories, heavy support is required for the
load of the second floor, though this support occurs within the tilt-up out~
side shell. Interior support varies with anticipated live loads of the second
floor. For example, offices expecting large loads of paper require heavy
support.

. Because of the recent age of tilt-ups, they are located almost entirely
in newly developed sections at the edye of the city, near dock areas, or
major airports. Many are found in what were formerly referred to as industrial
parks but, reflecting their increasing usage for offices, the name business
park is becoming common.

Anothcr type of mags construction with an even more predictable interior
design is the wall and slab. This type of construction is sometimes called
“cross-~wall” (Joodicke, 1962, p. 40) or "bax-wall principle” (Arregar, 1967,

p. 130). wWith its load-bearing interior walls (at the ex*erior of each cell
of which the satructure is composed), room sires are small. Further, the role
of the wall to act in consort with all the other identical walls of the struc-
turc means that there is no flexibility of interior space use. It is perma-
nent and fixed at the time of construction. The most appropriate function for
these structures is some form of human habitation such as an apartment or

. hotel; widespread usc of wall and slab structures for hotels all over the world
virtually turns the style into a c.iche. So very common is the interior
arranjement seen in Figurc 4 where individual cellsa (the guest rooms of a hotel}
flank both sidcs of a central corridor. The exterior wall is very often made
mostly of glass to allow light into an otherwise windowless room. 3Small bai-
Conies are commoin [Oor both apartiments and fancier hoteis. A lower cost varia-
tion on the theme for motel construction has outside corridors with two paral-
leling rows of wall and ¢lab cells in between,

In all these instances, room nhapes and sizes are fairly uniform the
world over., The shape is necessarily rectangular. For motels and hotels the
dimonsions are nearly the same everywhere (about 3 m wide and 4 m long, exclu- 2
sive of baths and closets). Shape varies somevhat when apartments use this .
, form of construction, with daytime occupance areas being larger than sleeping
: rooms. 1In Arregar's study (1967, p. 140-182) of 22 apartment buildings {both 3
] concrete~framed and wall and slab) in switzerland, FRG, France, England, and o
i Australia, the average size of rooms (1,861 total) was 17,2 m’. In the exam- 2
; ple of a high-rise wall and slab building in Neue Vahr {at the periphery of
Bremen) the individual flats ranged from 10 by 3.4 to 10 by 5.9 m.

Although they form a very small portion of the tntal buildings in cities,
stone structures deserve some mention for they are invariably important
buildings such as cathedrals or major government structures. Their style is
usually classic and they often employ the traditional stone arch to support by
ceiling loads, Since this form of construction has a more artistic appeal >
than that of & framed atructure, they are widely written about and illustrated
in architectural literature,
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The reason tor the vaulted ceiling, traditionally that of supporting a
large roof to cover broad interior space, usually means that the structure was
intended for public parposes and accordingly has only one major room as in a
church or perhaps an open space under a dome of an institytional building. The
partitioning of space inte lesser, smaller rooms usually follows the convention
ment ioned before with brick structures, Columns or partition walls may be used
to suypport the floor immediately above.

3.2.2 Framed Structures

As with the frameless structures, a relationship exists between interior
confiquration and framed structures. The uve of a frame to bear loads opened
the way for more flexible usage of interior space than was true of the masonry
buildings of before: today, framed buildings still offer more versatility in
use of interior space than is the case with wall and slab construction. Archi-
tects say that the framed buyilding pravides a better solution to the architec-
tural need for flexibility ain the planning of interior space. Joedicke (1962,
p. 40) says that “rooms can be given any desired arrangement.® This notion of
flexibility, however, refers to the options of placement of non-load-bearing
partitions. Even though this is so, the very format of the framed structure--
in its various subtypes--has tended to dictate a uniformity of interior space
arrangement to the degree that gencralizations may be made and that the plan
of the building may be inferrved from recognizing its salient external features.

This capability to predict is enforced by knowing that the interior
arttangeicint of a bullding is fully consideréed during the Gusign of every aspect
of the structure, Partitions, for instance, in the older steel-framed (heavy
cladding) Luildings were designed to be placed along beams and columns. The
sclection of a 4-nm interval between columns, for example, was related to a
desired room width of 4 m. Venting was also part of the total design package.
Window casings (varying in style and numbe. as indicated under the section of
the chapter devoted to the subject) were obwiously placed in between columns
and not across them,

The strong influence of the type of structure on interior space configura-
tion 1s seen in the cxample of ground and upper floors (Figures 5 and 6). 1In
this model, taken from observations in the Security Pacific Bank building in
los Angeles, it can readily be secn that a modern framed building which has a
central column providing part of its basic support and a series of load-’
bearing peripheral columns for the balance can have little variation in its
bagic interjor configuration, Even though there is a width of 12 m in between
central pylon and outer columns in which interior space can be arranged, there
are only two practical rolutions for office design on the upper floors. They
may elither be large, open-bay type units with direct access to elevators for
the entire floor or they may be divided into mmaller offices which require a
hallway around the pylon ftor access. The qround floor of this and similar
structures everywhere is often retained as a large opsn space. Such space may
be used as a lobby or for displays. Ceilings are generally high, usually the
equivalent of two of the upper floors.
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A goneralized model of the differences encountered betwen ground floor
and upper floor plana as they vary by building type (Figures 7 and 8) demon-
strates how the demand for space, relative to its cost, determines the inter-
nal configurations of building interior space. In the mcdel of typical ground ,
floor occupance in & representative central city area, several forms of com-
promise are manifested. The narrow shops exhibit the principle that success
in the market place is dependent on having some expusure to the passing trade; -
once attracted enough to entar a store, the custossr may be directed to mar-
chandise at the roar. Various devices are, in fact, amployed to gain full
utilizaticn of such narrow, inhersntly awkward shapes.

The larger stores are those which practice some fcrm of commodity com-
bining (as a department store). Their need is for a large amount of spacs
whosé cost is covered by the greater volume of business which results from
greater variety and general scale economies. Banks are in a similar situation
but traditionally occupy such quarters {or prestige purposes and the inherent
tryst associated with large size. ’

The hotel lobby {8 an interesting variant in that it has need for only
enough frontage to provide an entrance. The space roquired for the lobby and
registration services can be provided on lower cost space away from the street.
In such instances, the hotel customarily rents narrow shop space to help defray
costs,

The principles demonstrated here operate more or less independently of
Suilding type. The division of interior space is mcre stronaly affected by its
rental cost than by its form of construction. At ground floor levals, interior
space of both frameless and framed structuies is commonly subdivided in accor-
dance with use needs. Varying conatruction methgds ire emgloyed to allow this
to occur. For instance, tho density of columns (in a framed building) may be
higher for upper floors than for the ground floor. To do this, it is neces-
sary to distribute the weight of the upper floors on to a heavy spandrel bean
batween the ground floor and the second floor.

For upper floors, for virtually all uses except department stores, there
is a stronqg correspondance betwaen type of construction and room configquration.
A typical interior arrangement of three major types is indicated in Figure 8,

The steel/roncrete- framed building with heavy cladding, built in such great
numbers (cspecially in the U.S.) between 1890 and 1940, commonly had office
spaces subdivided by placing partitions along the aligmment of columns and
beams. Rooms, commonly, were from 4 to 7 m on a side (buth length and width).
The familiar view from the hallway was one of a ssries of evenlvy spaced entrance
doors (often with frosted glass windows). This subdivision into saall, indi-
vidual offices was in keeping with the high demand for general office space in
the era before the advent of giant corporations. In instances where suites of

"'---ot-!icna were required, it was common practice for a firm to rent a series of

adjacent offices. Connections were made internally and but a gzingle entrance
wa® selectod as the main one; & common sight is to see arrows on the other
entrances directing the visitor.
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Coincident with the introduction of light cladding (roughly following
World War II, although prototypes were in Europe in the 1920's and 1930's),
was the rapid growth in the size of corporations to the point where they occu-
pled all or much of specially built structures. An early, and famous example
is the Lever House in New York City begun in 1949. An accompanying change in
the philosophy of office arrangement from individual offices to open bays, with
but modent space separation, also occurred. These factors interacted with the
larger size of individual offices possible with the use of reinforced concrete
beams which allowed open bays to be as wide as 12 m for the entire length and
width of the bullding.

The case of the binding restrictiona on interior space arrangesents of the
concrete wall and stab building has boen noted previously. These structures
have little applicability for office use and virtually none for retail stores,
industries, or storage. They are most commonly uscd for hotels and apartments.

The influence of architectural factors on building interiors is illustrated
in detail in Pigures 4, 9, 10, and 11. 1In Figure 9, the office arrangesent in
the old heavy-cladded buildings and the new open style light-cladded structures
is contrasted. Even the placoment of office desks in the latter is meant to
convey the feeling of unstructured open space. Some partitions are necessary,
however, as seen in the casze of presence of rooms for conferences and such
office functions as duplicating or data processing.

Total areas must also be taken into consideration when evaluating interior
apace layout (see Figure 10). Considering that the attempt in designing a
building 18 to provide natural light tn every office, the ccmmon architecturail
solution for large bujildings is the provision either of wings, enclosed court-
yards, or smaller light wells. In this example, the service module in the
center connects matching halves of the building. Articulation hallways bisect
matching rows of offices, the inner of which receives light from ogfsn court-
yards. The concealment possib:ilities of these interior spaces are significant
in a military context. Their presence, however, may be inferred from astute
observation from the outside. Individual office sizes are near the standard
of 4 by 6 m (24 m°): with their ceilings of 3 m, they have a volume of 72 md.

The theme of access to natural light is follomed in more detail in Figure
4. The hallways, ir both cases, since they have a lower priority for natural
light, occupy the interior arcas. The more fully inhabited areas enjoy the
natural light. The inhereat darknesa of these hallways could pose a serious
prublem in a combat mituation.

The placement of service modules also has a role to play in interior space
configuration (Figure 1l). For efficiency thes. are commonly placed in the
center of the building. They may be doubled (or have several nultiples in
extraordinarily large structures) to serve rectangularly shaped buildings.
Whatever their placement, interior arrangement is affected. Soms recent design
has placed slevators in shafts on the exterior o¢ buildings as a safety pre-
caution in the evant of earthquake or fire which could seal off ianterior ele~-
vators and stairways.
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The anatomy of a representative German reinforced-councrete-framed, light-
cladded building (Figure 12) demonatrates the high level of relationship
which exists between the physical characteristics of the structure and how the
building is used. The general arrangement is typical with the ground floor
being devoted to shops, the middle section to offices, and the uppermost to
building services. The building dimensions are in keeping with Joedicke's
(1962, p. 54) statement that European of fice buildings commonly have fairly
narrow yrooms with partitions being about 2.5 to 3.3 m apart, He further states
that two conventional methcds exist for accomplishing this, 1In the first, the
office partitions are placed along the line of all weight-beariig columns. 1In
the second (that illustrated in Figure 12), half of the partitions are at the
columna; the other half are at non~weight-bearing mullions. Thay follow a
standard German module of 3.66 m between the mullions. These German standards
all carry DIN numbers (translated as German Industrial Standards).

The ground-floor retail shops are sepaerated from one another by partitions
placed at the structural columns whose centers are 7.32 m apart. Wide windows
for display purposes are at the ground level.

Office size is rigidly prescribed in Germany. According to a scale
(Joedicke, 1962, pp. 14-21), the following average areas are prescribed, in
accordance with the level of occupance. For a single office, 9 n? is allowed,
14 &2 for a double, 15.2 m? for three, and 18.6 m? for four. The windows in
the example suggest that the offices (with a width of 3.66 m) have depths of
four or more meters and are thus, in accordance with the formulas, designed for ;
two, three, or four occupants. Note that the windows are placed betwmen the
supporting columna and not the zmullions {n accordance with a method refeyred
to as "in-filled.”™ The use of spandrels in between, plus the beams, gives the

building a typical "banded” look. The type is very common in Europe and
elgevwhere.

i

3.2.3 Room Sizes, Detailed

Fortunately, for the purposes of this study, detailed specifications on
room sizes for particular functions are widely published, Architects, cos:
accountants, and developers are keenly aware of the needs for space for various
purposes, their costs, and acceptable minimums. Prescribed room size per func~
tion is, in turn, intertwined with design specifications for all othar related

items such as furniture, office equipment, window and door sizes, and modules
of wall panels and carpets.

Two gensral levele of interior space size prevail: (1) the large, unpar-
titioned open space associated with the functions of general public use such
as an institution or department store, and (2) that of manufacturing and stor-
age. The latter two also have standards but areas are generally =0 large that
they hold little importance to discussion here. The data on the smaller roums,
those used for offices of various typas and rooms used for functions of human
habitation, are the more significant for the purposes of this report.
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The results of studying a wide number of cases (reported on in Table 2)
veport average arcas for hotels, apartments, and offjices. DiChiara's purpose .
in conducting the study of 40 U.S. hotels (with an average of 200 rooms and
an average height of 10 stories) was to provide guidelines for new designs.
Hotel developers are keenly interested in matching design to need and thua to
building the most cost-effective amount of space. The success of the majeor
hotel chains is widely known and readily followed. Hotel management accounting
knows precisely the service and maintenance costs per area and matches these
to anticipated revenue. Because of this high level of calculation, there is 3
little deviation from the norm in modern construction. For recent buildings k-
and for future construction there will be a high degree of reliability in
inferring interior dimensions just by observing salient features of the exte-
rior. To some Jdegree, of course, the sizes indicated in the table are a resuilt
of current life styles and modes of transportation,

o i Cu gt

Table 2. Average Room Sizes by Function

Interhational Samples

Room Type Area (m’) )
Hotel Guest Room (U.S.)* 23.2
Botel Lobby 102.2
Hotel lounge $5.7
Hotel Rental Stores 223.0 ;f
Hotel Dining Room 139.4 v
Hotel Xitchen 102.2 &
Hotel Coffee Shop 74.3
Hotel Ol fices 13.9
Apartment Room** 17.2

U.S. Oftices

U.S. Private General 18.6
U.S. Semiprivate 25.5
U.S., Dental 11.1
Sample Europcan Offices 21.2

“Source: DiChiara, 1973 (40 hotels studied)
**Source: Arregar, 1967 (1861 European
apartment rooms in study)

Economic practicality is also the rationale for the existence of specific
dimensions on offices. Business concerns know precisely how much space is
required for each function. Government agencies have institutionalized the
procesg by formula. The General Services Administration of the U.S. govern-
ment even issues guidelines for office sizes depending on GS rank and duties.
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For instance, GS 12 and 13 ranks are allowed 150 ft? if they are in supervisory
positions, 100 if they are in nonsuparvisorial positions. GS l4s and 158 in

supervisory positions are allowed 225 ft? while their nonsupervisor fellows of

same rank are allowed but 150 ft2. The super ranks of 16, 17, and 18 are all .
allowed 300 ft?,

Foom sizes within apartments are similarly specified (ses example study in
Table 3). The table indicates how rooms of different functions vary in accor- 2
dance with the total size (and thus cost) of the apartment. In Europe, where . -
apartment dwelling is the mode for the majority of the urban population, large y
apartments sre fairly common and are designed, as the table implies, for fami-
lies with children as well as for singles and couples.

Table 3. Floor Areas by Function of Room .
Twenty-two Apartments: International Survey g

Type of Apartment

Type of Room lrm 2 m 3 rm 4 rm S rm Avg.
! Living Room - 19.2 19.7 18.0 29.1 21.5
i Dining Roow 6.1 9.0 10.4 4.1 14.7 10.9
‘ Parent's Bedroom - 14.7 15.2 16.5 15,9 15.6 _
i Children's Bedroom - - 11.5  13.1  12.8  12.5 -
: Kitchen 3.3 5.7 7.4 8.1 8.1 6.5 3
Bathroom 3.8 3.8 3.8 4.4 4.2 4.0 '
Corridors 3.3 5.6 2.5 12.5 13.6 8.9 ‘
Avg. Living Area 25.8 42.7 61.9 1.3 96.0 61.5 i

(incl. corridors)

3.3 BUILDING VENTING

Throughout this study the point is made that the characteristics of a
building are the product of its type of construction and its function. The
interaction of these two factors is nowhere more obviously demonstrated than
in the nature of a building’e venting, that is, in the dimensions and placement
patterns of windows and doors,

Examining first the influences of morphology, the statement may be made
that the constructional foum of a building limits the architect in his place-
mant of windows.

Frameless structures, those depending on the exterior wall to carry the
bearing loads of the building. impose the most stringent restrictions on win-
: dous, due to the fact that any opening or disturbance of the wall reduces its .
; structural intejrity; the strongest well would be one with no windows or doors
at all.
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Brick buildings, as th? most common example of the frameless form of con-
struction, manifest their limitations on windows in three distinctive ways.
(A knowledge of these provides a set of revealing keys for the field identifi-
cation of these buildings.) First, the proportion of the building facade
devoted to windows and doors must be kept small. On an average of 15 inter-
national buildings neasured (Table 4}, the proportion of glazing (not counting
the minor amount of apace taken up by the casing) is only about one-fourth of
+he total facade of a building (25.8 percent). Larger and smaller areas of
window relate to style choices, and in the case of fairly large puorcentages
(i the thirtiesg), it was undoubtedly nacessary to provide some sort of extra
structural support.

The second characteristic is that the windows in such structures must be
kept vertically aligned., 1In this way the loss of structural integrity is only
along the vertical alignment of the windows while the intervening space of
solid brick is given the task of carrying most of the load. A further reflec-
tion of th'y technique of providing wventing 15 that the windows are invariably
long, narrow rectangles. Window sashos of the American form arc generally ver-
tically slidiny from the middle while the European style iz to have the win-
dows hinge on each side with the two halves latching in the middle; a double
set ("storm windows®) is commonly used in the colder climate areas.

A clue to the problem of loss of structural inteqgrity is cormonly obnery-
able from the exterior of the building in the arching of one or two rows of
brick above the window. This traditional method of load support serves to
raestore some of the 1088 created by the window.

The third characteristic venting feature of brick huildings is the lack
of windows at the corner of the building. 1t is the corner of a mass type
structure which provides a high proportion of the load-bearing strength. Same
architects of frame buildings have, in fact, been criticized for not putting
windows out to the corner when they could (Joedicke, 1962, p. 88). Joedicke
says that frame buildings not only do not have such a need, but that the corner
columns arec often the least heavily loaded of all. He supports this by adding
that "concentration of mass at the corners is a typi a1l and neccasary form of
conatruction in masonry structures, in which the solia corner piers insure the
rigidity of the wall.”

An interesting response to this requirement igs seen in Eurcpean brick
buildings located on street corners. To provide windows facing out on an
intersection, the designers frequently allow for a corner ‘acade of the build-
ing which lies at a 45-degrec angle from the two planes of the structure (see
Figure 13). With a structure of moderate size, thais practice means that there
can be a standard size window along this angled facade while not disturbing the
structural character of brick wall on the "corners.® A corner window has a far
broader cone of vision (and thus field-of-fire) across tiw strect intersecticn
on which it faces than does a window nearest to the corner in an ordinary brick
building. The view from these angled corner windows also provides much longer
lines-of-sight down tihe streets they overlook.

e - .




Table 4. Venting of Steel/Concrete-Framed (lieavy Cladding) Buildings
Upper Floors--Stores, Offices, Hotels [
International Sample

Heavy Cladding Glazing
Measured Cases Relative Porcent of Relative Percent of
Number Countty Arca Total Facade Area Total Facade
' 1 U.5.A. 480 58.5 340 41.5
: 2 U.S.A. 2,730 70.9 972 29.1
3 PHIL 2,005 48.8 2,100 51.2 g
4 U.S.A. 3,450 48.) 3,695 s1.7 B
5 U.S.A. 1,220 78.2 340 21.8 -
6 U.S.A. 2,880 64.5 1,584 35.5
7 U.S.A. 1,070 77.5 310 2..5
8 U.S.A. L1t 72.9 414 27.1
9 U.S.A. 735 75.4 240 24.6 5
10 V.S, A 115 59,0 80 .0 EL
1n U.S.A. 325 54,6 270 45.4 -
12 U.S.A. 57¢ 70.4 740 29.6 3
13 FRG 960 54.1 8a1s 45.9 !
14 FRAN 496 7.9 140 22.1 X
j 15 FRO 1,306 72.9 a8e 7.1 ;
! 16 FRAN 1,710 59.6 1,160 0.4
17 AUSTRIA 1,425 70.0 610 30.0 o
1B UK 668 72.3 256 27.7 i
Average 62.3 37.7
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The venting placesent of othar types of 3ass construction buildings is
less vestricted by structural requirements. For the wall and slab structures,
the venting is commonly the entire exterior wall of ths individusl cell. Since
these walls provide the only possibility of gaining natural light into the
room, thoy are frequently composed mostly of glass. If, as is often true with
apartments, there is a balcony, a glass door (sliding or hinged) is algo pres-
snt. Since this exterior wall is not load-bsaring at all, structural strength
is in no way impaired, Tilt-up buildings tradit.crally have few windows. The
principal form of openings is large doors for handling bulk goods. 1If the
buildings are used for retail stores, an open glass front is expected. Those
used for offices will have some windows but still the principles of mainte-
nance of structural integrity are observed,

Commentators in the architectural literature freguently express dismay
that_the exterior style uf buildings, including the form of venting, built with
steel or concrete frames took such a long time after their introduction to
scray from the traditional forms associated with masonty buildings. The use
of heavy cladding (usually brick) on these framed buildinge continued from
their carliest days in the 1890's un-il construction temporarily ceased with
the onset of World War™Jl. Windows, too, were placed in between the columns
often in 8 manner quite similar to masonry buildings. The first depariure
from the traditional was in response to functions which required more natural
light, such as industries and ddpartment stores on upper floors. The breuk-
through architecturally, though, came in Germany in the 1920's following the
Bauhaus school of architecture led by Malver Crepius. Thess ventures iuto
light cladding, so common throughout the world today, a1ae attributed especially
to the period from (1924 (marking the end of inflation in Germany) and 1930
(the coming of the depression and the Nazis). These modeyrn styles were cri-
ticized by the Nazis (lLane, 1968) an being soclalistic: their answer wusc a
return to traditional (and thus sore rural) foras of architecture. The wide
acceptance of this traditional style may, in fact, be responsible for the con-
tinuation of the pitched roof for much new urban construction todsy.

Intsrestingly, many of thess light-cladded buildings constructed in Ger-
many in the 1920's lcok little different than ones being erected today. The
Schocken department store, bujilt in Chemnits (now Xarl MarkStadt in GDR) in
1928 has broad bands of continuous windows at aach floor separated by horizon-
tal bands of marble-: 1ished gpandrels. An apertment development built for
Siemans Electric Company in 1929 has a high proportion of glass in its walls,

The most important feature of framed buildings, relative to venting, is
that since the frame is providing all the structural strength to the building,
there is no restriction st all on the kind and manner of venting such a build-
ing can have. The amount of venting can range all the way from 100 parcent
glass to no glass.

Function has soae -ole to play in dictating the amount of venting. FPor
reasons of preserving privacy and for easiar insulation, concrete-framed apart-
ment buildings will ordinarily have fairly large windows for living rooms,
smaller ones for bedrooms. Other buildings, designed to house squipment
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rather than peoplc (a telephoneo central contrel building, for example) may
elect to have no windowz in which case the outer cladding is opagque but not
load-bearing.

3.2, 1 Function versus rorm

A whole hoat of reiationships governing amount and style of ventinc
revolve around the interaction of the shape of the building and its int: Wled
function. Several principles may be set forth. The application of these to
real~-world situations in cities could be of grear importance tu military plan-
nity, A knuwledye of what to expect in a city by knowing in advancs the ]
kinds and locationz of the various existing functions could be of great value. i

Of paramount importance in the dovelopment of a knowledge of the relation-
ship of function and form to venting i3 recognition of the fact that in «ll
cosmercial areas of a city there is a striking difference in both morphology
and function between tho sireet-level floors and the upper floors. At atreet
level, the roquiremont for axposure to the passing trade means that street
floors in these cosmercial sreas are virtually all used for coamercial pur-
poses, primarily the purveying of retajil goods and services. As part of this
exposuyre comes the universal use of large windows., They are used in part to
display the merchandise while gerving as an open invitation for the customer
to enter the establishment. The concept goes back to the bazaar whosa open
stalls permit the potontial customer to oxamine the merchandise. Windowless
fronts, by contrast, repol potential customers.

In the commercial (entuss (“downtowns” or central business districts) of
all cities, the streat-floor frontages are made almost entirely of either win-
dows or doors. This phonosenon continues along major arterials leading out
of the downtown until a point is reached where the street does not carry a X
sufficient numbar of potential customers to warrant commercial land usage., The
pattern reappears in neighbtorhood shopping areas, siniature cosmmercial areas in
their own right. Stores in modern, outlying shopping ceaters duplicate the
conditions of the downtown,

The reality of this phenomenon should be considered by military planners
bocause of its implication that relatively little wall breaching might be
required along commorcial strects, Measurements of the areas in cities where
the phenomanon existg would be useful for military planning.

Figures 14, 15, and 16 serve to iliustrate how function, within buildings
of the same type of construction, has a bearing on window number and placement.
Figures 14 and 15 together show three separate types of functions all using
steel/concrete-framed, heavy-cladded buildings (1890's to 1940's vintage).

All three exhibit the use of the ground floor for commercisal purposes. g
The street-level space in the hotel and the office building is divided into s
small shops and leased out. Certain affinity uses are associsted such as
travel agents and florists in hotel buildings and magazine and lunch counters
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in office buildings. The department store utilizes the ground floor to the
fullest for displaying and advertising warea available throughout its multi~
floored spacc. Note that in all three cases, the ground floor is taller than
any of the other floors. The need for high ceilings is seen in some cases,
such as occupance by a commercial bank office on the ground floor. Department
stores must offer a sonse of spaciousness in their ground-floor space {on which
they place a premium). Mszzanine filoors or partial floore are often found.
The possible utility of mezzanines for military usage poses some interesting
qQuestions. They are at a height above the ground floor great encugh to scan
the streets below and vet they do not follow the same requirements for exits
which defenders c¢f floors above face; far more space is at their disposal for
retreating if their defensive position were to become unienable.

The venting arrangesent for the floors above, explained on the diagrams
in Figures 14, 15, and 16, clearly demonstrates a direct relationship with
functional need. The cuest room of the hotel, in these older structures, typi-
cally has but a single window for light and ventilation. The excessive light
and noise in traditional downtown hotels from laiger windows was avoided in the
deeign,

Offices, on the other hand, sought more light for their workers and fre-
quontly had two or three window units per each office, located as they were
between beams and columns of the frame. Excessive light created temperature
problems in warm summer areas. The customary old solution was the provision
of canvas awnings; today, single-room air conditioners are often seen jutting
out from these windows,

The department store, with its extraordinarily large windows on every
floor, manifests the same commarcial notions that a werchandising concern
should display its wares tc the market place regardless of the hajight above
the street. Interestingly, in later years, these large upper windows ware
blanked out by painting them or covering them with drapes. Modern depaz tment
store planning emphasizes interior design and has few exterior display win-
dows, even on the ground floor. The term “window shopping” could becoms lost
from the vocabulary.

The relationship between windows and interior floor space for these three
typet is seen in more detatl in Figure 15. For the office building, there is
a pair of windows between each column (on each floor). Penetration of thase
wvindows by arms fire from the outside may be only into a single offices or may,
as with one of the larger corner offices in the diagram, involve more space.
In the case of the hotel, there is but one window per structural cell. 1In
the case of heavy cladding, the form of partition is reasonably resistant {(as
covered in detail in Chapter 4.0j. The numerous larger windows of the depart-
ment store provide access to large open spaces.

The theme of venting and function continues in Pigure 16 but with the
sddition of the introduction of the possible military problems posed by the
puilding's blank sidewall. virtuslly all buildings along a city street have
windowless sidewalls as they are designed to be placed against an izmmediately
adjacent building. Their exposure, y.on the razing or destruction by arms of
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the adjacent building, brings to bear the problem of wall breaching. If the
building in question is conetructed of bricks, therm is the problem (see
Chapter 4.0) of the lower floors of mu.tistory buildings being quite thick.
Even if the structure is steel- or concrete-framed, this hidden outer wall is
usually made of reintorced concrete at least i0 cm in thickness,

3.3.2 Dbata on Proportional Venting per Structure Type

Tables 4, 5, 6, and 7 present data taken from measuremants of photographs
of 713 d ‘rent buildings o1 four major types of use from cities in 13 countries.
The dat. jive a clear picture of the relative amounts of venting for the dif-
ferent types. The order is progressive in amount of venting going from the
average of 25.8 percent glaring (glass windows) for the brick structures in
Table 5 to the extreme cases in Table 7 where glaring forms close to half the
facado (at 47.5 percent) and the light opaque cladding (itself often glass)
forms the balance.

In the case of the brick buildings, any part of the nonglazed area {is
heavy brick wall (its thickness being a function of the story in question and
the height of the building). Buildings of this sort cbviously offer a high
level of both concealment and protection against small arms fire.

The heavy cladding offices and hotalas of Table 4 have an expected higher
ratio (37.?7 percent) of glazing. The nonglazed arca is composed of heavy clad-
ding {Chapier 4.0 has details) and consists cof reinforced concrete, hollow
tiles, and brick, Concealment and protection arc still high,

Tablea 6 and 7 record the differvncers between two of the basic methods
of sheathing a o dern building with light cladding mate;ials. In the first
case (Table 6), the method of "in-filling"” between structural columns and beams
is addressed. In such atructures, the framc mewmbers are visible from the out-
side, and the glazing and varying forms of opaque cladding are placed in between
them. The columns and beams form somn 14.6 percent of the total: of course,
in Table 7 the frame forms cssentially the same proportion of the total and
would be exposed in the event of even a modest amount of arms fire. It is
most lmportant to note that the proportion of glazing in both examples is
virtually the same. The suggestion could be made that the occupants of such
structures feeli too exposed, almogt unsafe unless there is some sort of an
opague panel extending from the floor up to about a meter in height. Office
furnishings up against fully glazed walls often present an awkward situation,
both visually and practically.

Table 7 examines buildings which truly gualify as having a “"stretched
skin™ or "curtain walls.® Even in these, many of the most recent buildings
observed have fairly small areas of their facades glazted. Theses smaller win-
dows are often a responge to 3 desire to reduce radiation of heat from the
building as energy costs 9o up. 1In others, such as in the Philippines example,
smller windows allow less of the hwat and glare of the tropics to enter the
building. Air conditioning efficiency is also facilitated.
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Table 5. Venting of Brick (Mass Construction) Buildings
Upper Floors~-Stores, Offices, Hotels
International Sample

Solid wall Glazing
Measured Cases Relative Percent of Relative Parcent of
Number Country Axes Total Facade Area Total Facade
1& 1 CR 236 78.1 66 21,9
2 FRG 104 81.2 24 18.8
3 FIN $1 79.7 13 20.3
4 U.S.A. 1 78.9 19 21.1
5 U.S.A. 426 74.7 144 25,3
6 FRG 336 72.7 126 27.3
? U.S.A, 112 60.1 72 3%.9
8 NOR 221 73.4 81 26.6
9 SWED 277 8l.5 63 18.5
10 U.S.A. 270 69.2 120 30.8
11 U.S.A. 127 82.5 27 17.5
12 U.S.A. 49  60.5 32 39.5
13 FRG 94. 80.3 23 19.7
14 CR 32 4.4 1) 25.6
45 FIN 59 61.4 37 28.6

Average 4.2 . 25.8
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Table 7.

Venting Of Stael/Concrete-Framed (Light Cladding) Buildings
Curtain Wall (Frame Obscured)
Upper Floors--Offices, Hotels

Internstional Sample

45

. —_ Opaque Cladding Glaring
Measured Cases Relative Percent of Relative Percent of
Number Country Area Total Facade Area Total Facade
1 U.S.A. 444 78.6 122 21.4
2 U.S.A. 17¢ 47.2 150 52.8
3 U.S.A. 238 61.3 150 38.7
4 U.S.A. 485 43.9 619 56.1
s FRG 2,112 73.3 770 26.7
6 FRG 1,794 43.7 2,310 56.3
. 7 FRG 252 43.4 328 56.6
! 8 FRG 1,205 $3.3 1,056 46.7
‘ 9 v 560 55.5 448 45.5
1 10 FIN 484 38.2 784 61.8
4 11 DEN 666 36.0 1,154 64.0
§ 12 PRG 820 68.6 375 31.4
] 13 NOR 1,925 52.4 1,750 471.5
; 14 CZECH 530 40.5 780 59.5
1% U.S.A. 4,030 $0.1 3,875 49.9
16 FRG 450 38.5 720 61.5
17 CR 945 51.9 875 48.1
18 PHIL 105 62.5 63 37.5
19 PHIL 476 70.0 204 30.0
20 SWED 210 54.6 175 45.4
21 PHIL 171 52.9 152 47.1
22 NOR 231 54.9 190 45.1
23 PHIL 558 60.2 369 39.8
24 U.S.A. 96 66.7 48 33.3
25 U.S.A. 668 74.8 225 25.2
| Average 52.5 47.%
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The use of these figurea cn the relative amount of the facade of a build-
ing devoted to glazing should be extremsly useful in development of principles
and training aids for building identification in the field. Recognizing these

salient featuies can provide important clues about the character of the interior
of the structure,

» The provision of absolute measurementa of window size presents a difficulty

‘ because of the variation in degign of particular buildings. §till, soma guid-
ance can be gained by examining the binding factocrs involved. One canstant to
be observed is that for floors above street level in a building, the height is
invariably around 3 m. Given further that there is a practical limit to having
windows extend downward to floor level, it may be presumed that they begin
about 1 m above the floor on thes average. An additional constant is that there
ig little advantage to having windows extend all the way to the ceiling. Doing
so would not extend visusl possibilitiea (mostly downward, anyway) and would
permit the entrance of excessive heat cnd glare., Given thess parameters, wir-
dow heights on buildings of any type should not excesd betwsen 1.5 and 2,0 m.
Width of the windows is, of course, another matter. As discussed at lsngth
earlier, the width has a strong relationship with function as well as with
structure for the frameless buildings. Nodules of up to 1 m wide are common
ir many buildings. 1In several measuremants made in Europe in 1976, window
widths in brick buildings were found to be around 80 cum.

FIIEDL AN T M TS W YIS ARG

With either modules of about a meter, windows in steel/concrete-framed
heavy-cladded buildings {in accordance with findings presented in Figure 1§
extend from 1 m wide in hotels to 2 to 3 m in offices to the full 6 to 7T m
s (between gtructural columns) in department stores.

Por the light~cladded buildings with their higher proportions of glazing,
the height of windows is usually within the 1.5~ to 2.0-m limitation estab-
lished sbove; but they frequently are in a continuous banding across the
building's facade and thus have no particular width,

T,
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: 4.0 CHARACTERISTICS OF BUILDING WALLS

- while the theme developed in the previous chapter concerned itself with =
the binding constraints of the combination of morphology and function on the !
nature of a building's architecture, the physical characteristics and dimen-

- sions of a building's walls are solely a function of the mode of construction.
The laws of physirs concerning the basic structural support of a vuilding
have no relationship to intendsd function. Certain requirements of strength
and support simply must be met to offset vertical and horizontal stresses.

This doesn't mcan, !owever, that varying functions do not occupy build-
inga of various types. The multiplicity of functions of any particular typ. 2
©t consatruction seen it the world today is largely a matter of inertia and
the fact that building are so enduring that reprrsentative examples of all
types are extant in th same city. When brick buildings were the common modu,
for instance, all manncrs of functions were placud in tham; some of them
remain todav. :

I

Y

e T

A fundamental ¢! ange i1n the form of building construction occurred at the
end of the last century when the developed nationas Legan to construct framed
instead of masonry buildings., This was largely a reaction to the rising value
v of land in central tusiness districts which made the inherently low-rise brick
buildinas uneconomi.. The continuation of that trend has resulted in the vir-
tual elimination of masonry structures from the central city. The net effect,
for military purposes, has beer the creation of a city center composed of .
frama bulluvings surroundvd by & ving of masonry strycturss. —

The following series of diagrams cffers detailu on the nature of the walls
of these¢ buildings. Masonry wells are treated first followed by the more
recently built framed structurces,

4.1 BRICK BUILDINGS T

The use of brick as a building miterial has many advantages and has been
widely applauded for its role in aiding uven primitive societies to meot fs
shelter and ceremonjal needs. On the plus side, the technology of building ;
with brick was simple and represents but a man-made versionrn of gathering and
Pilirg natural stonce. The mass form of construction provided rigad and
; ‘ enduring walls. The difficulty of providing a roof was overcome with the use
of wooden rafters and joists and, wore elaborately, with tha arch.

When mass congtruction is used, the weight of the upper part of the wall A
must be borne by the lower part. This load, ovar and above that of the load )
of the roof and the live load, can be provided for only when the basa of the

. wall is thicker than the upper part. 1In common practice (see Figures 17 and
18), a width of brick (10 cm, using U.S. standards end 12 cm for much of the
rest of the world) is added for each successive floor. For buildings of only
two or three floors in height, attainang the required thickness of wall is of
little consequence aither in the construction process or in the space required.
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wall width
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40¢e

¢

60co

70¢m

80¢ce

{interfor support columns)

6th floor

]
5th floor

4th floor

3¢ floor

2¢ floor

ground

flo.r

Figure 17. Typical wWall Profile
Six-Stoyy Brick Building '
1
L]

48




thickness

J0cm

40ca

$0cm

20¢n

10¢cm

éth floor

Sth flocr

4th floor

60ce

34 floor

70¢w

2d floor

80ca

grownd

floor

A

Figure 10, Prescribed Wall Thicknesses
Six-Story Brick Building
U.S. Example




In fact, one-story buildings may well be strongoer than they nsed to be bacause
of the need to usa at least a length and a width (a stretcher and g header) of
brick to achieve the desired interlocking binding.

Becaure of the loss of interior space which comes with increasing height, ]
brick buildings attaining heights of 10 stories or so become impractical. 1In 3
actual practice there are large numbers of brick buildings of three, four, and ;
five stories. ]

Discussion of the kind of problem to be encountered at ground-floor level ?
is instructive for purposes of military planning. Take, for example, a street
in a west European city faced by brick buildings of five stories. The ground-
: floor wall is 80.1 cm thick (refer to Table 8). If there is no commercial ;
land usage along the street, there will be little glazing for display window ]
purpases. Thus, if wall breaching is necessary at ground levels, the full
80.1 cm thickness must be addressed. EFEvan the second floor at a thickness of
70 cm presents a fairly hefty obstacle. Further consider that there are large y
areas of this type devoted to residential land use and that, as discussed under
i the heading of building venting, about 75 percent of all exterior space is
: 801id wall. Two problens immediately becowme apparent. Firat, thera is a con-
siderable wotal area of wall which might have to be breached. Second, the 3
damage caused by this breaching serves to create large volumes of rubble to
serve fortification purposes.

The figure of 80.1 cm for the thickness of a five-stery building in
Eutopm has been calculated uelng British standards {(Harrison, 1967, pp. 1-122)
in which he gives figures fcr “bricks of standard format™ as the following
(for the Bi itish Standard clay brick):

IV O T ORI P

length: 8-5/8 in. (9 in. nominal) = 22.9 c=
Width: 4~1/8 in. (4-1/2 in. nominal) = 1l.4 cm
Vapthi 2-5/8 in. (3 in. nominal) = 7.6 cm

(Ihe “nominal™ width includes mortar of a common depth of 3/8 in., or 1 cm).
Compressive strangths range from 7,000 psi for Grade B to 10,000 plus psi for
Grade A. Certain engineering types go up to 20,000 psi compressive strengths.

e e st it ] rimmae Bl T S i me AL aa. o o

These dimensions match measurements made on the continent but are slightly
; smaller than bricks commonly in use in southwest Asia which are 25 cm in lergth
) and have proportionately larger dimensions in width and depth.

New variations of traditional brick construction are being introduced in
Europe and should be given some considsration even though they currently form
but a very small proportion of all brick structures. These new developments
are being encouraged by the brick-making induatries as they attempt ¢o com-
pete with the variety of uses of other building materials, notably reinforced
concrete.

Oone variant from the traditional is the hoilow brick with a disension of
22.9 by 22.9 cm and 7.6 cm in thickness. The resulting wall looks like
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veqular brick but is 22.9 cm thick and has a hollow core. Other variations
come in depths of 7.6, 10.2, and 15.2 cm.

Other variationa are:

langth width Depth
0.5 cm 22.0 ¢ 7.6 cm
0.5 e 22.0 o 10.2 cm
34.6 o 4.3 om 15.2 cm

»

Concrete building blocks are alsn widely in use. The common British block
length is 45.5 cm: the width, 22.9 cm. They are available in Type A (a dense
aggregste material designed for use in blocks destinaed for the conatruction of
load-bearing walls and with a compressive strength of 1,750 psi) and Type B
(made of light-weight aggregate with a strength of 1,000 psi). Common thick-
nesses are 7.6, 10.2, 15.2, and 22.9 cm.

Concrete bricks {not hollow as are the concrete blocks) are also usaed.
They have the same dimensions as the cley Rricks (reported above). Compressive
strengths are 1,750 psi for Class A typos and 1,000 psi for Class bas.

4.2 WALL AND SLAB BUILDINGS

The origin of ths idea of using walls and floors tn support each other
ceana from the development of “flat slab construction®™ {(Condit, 1963, p. 243)
in which the floor slab rests directly on colusns and “behavaes somevhat like
a continuous beam.” It was reasoned that since horizontal slabs acted like
boams, vertical ones could act like columns. In an example of a2 10-story
building, cited by Condit (1968, p. 245), the floor slabs are 17.8 cm thick
and the walls are 20.2 cm thick. The only true outer walls in such structures,
both ends of rectangular boxes, have the same thicknesses as all the other
walls. Table 9 provides data on 10 cases.

4.3 TILT-UF BUILDINGS

Tilt-up construction buildings present an interesting problem to military
planners. On the one hand, with their large exterior wall surfacss with little
venting. thay present a large area of fairly heavy walls which aight have to be
breached. On the othezr, they may prove to have little military significance
because, being a product of modern plan ing, they commonly form a fairly sparse
pattern on the landscaps and are found wostly in the cutskirts of cities. With
such locations, there is a greater chance that they would not bs objectives
themselves or bar passage to other objectives.

Their physical characteristics are fairly standard. The outar walls,
although following the general notion of mass cotistruction, are not solely
responsible for supporting roof loads (plus any live loads in the case of
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Table 9. %Nall and Floor Thicknesases
Cast Concrete and Concrete Block
Wall and Slab Apartment Buildings

{cm)
Walls

__Measured Cascs Exterior Floors/
Number country (Incl. insulation) Interiors Ceailings

1 UK 30.5% l4.0 14.0

2 FGR 20.5 9.6 15.2

3 UK 30.9% 7.0 16.5

4 FGR 20.5 15.2 19.0

5 SWITZ 21.5 12.0 16.5

6 ITAL 19.0 13.5 14.0

? AUSTRIA 26,6 10.1 14.0

a FGR 24,2 10.1 15.2

Total 133.3 91.5 124.4

Averaqe 24,2 11.4 15.6

*Nata Source: Diaminz, 1268

two-story stiuctures)., Rather, interior columns support part of tha load.
Pilasters (coclumn-like members often used to connect reinforced-concrete
paneis) alsc form part of the outer wall and share in the load-bearing
function.

Wall thicknesses vary with the anticipated load. They are gensrally kept
as thin as possible to save costs. The amount of reinforcement steel is, of
course, another variable in the providing of strength. Some walls are but
14 cm thick, commonly ranging to 20.3 cm for single-story structures. The
heaviest walls {(those where a sccond-story load must be supported) reach
thickncsses of 25.4 cm. For walls up to 20.3 cm thick, there is the com-
monly used reinforcement steel in the form of a "curtain of steel®™ composed of
reinforcement bar ranging from 9 to 1) mm in thickness and formed into a grid
with 20.3-~cm centers. For thicker walls (those up to 25.4 cm), it is neces-
sary to have two layers cf reinforcement (see Figures 19 and 20) which are
placed just to the inside of the outer edge of the walls.

4.4 PARTITIONS WITHIN FRAMELESS BUILDINGS

Partitions in {rameless structures are non-load-bearing and are used only
to subdivide interior space. Their composition and dimensions reflect the
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mode of building at the time of their construction. For early brick structurss
lath and plaster were used., In the United 5tates, the common practice was to
place approximately 1.2 cm of plaster on top of 1.2 c» of horizontally placed
wooden lath strips (separated by a fow millimeters) which were nailed on to

10 cm studs. With such & treatment on both sides the total thickness was
about 15 ca,

Two different types of partitions are used in modern tilt-up or concrete
block buildings. If a fire-wall is required, they are made of (naminally)
10=-cm studs covered by fire-~-resiatant gypsum board and a coat of spackle and
paint or veneer panel. If there is need only to separate space, as into office
modules within a single establisiment, they are thinner and lighter; wood pan-
aling is commonly placed over lightweight studs.

4.5 STEEL/CONCRETE-FRAMED BUILDINGS WITH HEAVY CLADDING

It is worthwhile to recount that although framed buildings did not require
anything beyond the strength of the frame to conduct all of their load-bearing
functions, the uzse of a hoavy form of cladding (often brick) persisted for fouy
plus decades after the introduction of framed buildings in the 1890°'a. Part of
the reason was an initial lack of boldness, not broken until Gropius and his
followers introduced their "stretched skin™ exteriors in the 1920's. Another
froequently suggested reason {s the desire not to stray from the implicit sug-
gestion of strength posed by masonry buildings. whittick (1974, p. 105) in
cosmenting on the classical and Renaissance gtyled buildings constructsd in
England in the 1920's zays: “If one looks at the buildings of famous archi-
taects designing in the classical/Renaissance style in the decade following
the war, one would not be aware that they were built with a steel frame as the
essential structural feature.” Indeed, it is difficult today to make quick
and certain jdentifications of tuildings with brick facades. Clues, other
than the nature of the surface material, wmust be sought.

More steel- and concrete-framed buildings were constructed in the 50-
year period prior to World War 11 in Furopean citias than might be recognized
in the gencral descriptions of thesc cities which usually emphasize the low
skylines and large areas of masonry buildings., Steel framing, following U.S.
leadership in the field, was nsed fizrst followed later by a conversion to
concrete framing because of its lower possible costg. Many types of functional
uses were served: deparument stores, factories, offjices, and hotels. A few,
foliowing the German achocl, had light cladding but most retained the heavy
cladding.

Another reasonh for the retaining of heavy cladding was the protection it
gave to the frame. In his then contemporary book Skyscrapers, Starrett (1928)
captures the mode of thinking about construction processes of the day. He
presgnts details on the nature of the exterior cladding (ses Figure 21) and
states that this arrangement was required to seal the exterior of the build-
ing from the wuather elements. He describes methods of brick bonding employed;
in the diagram every sixth row is a row of “headers.”™ By another method, that
of "American Bonding“, there is a row of headers every fourth row. Absence of
these rows of headers implies a poor bonding.
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The total thickness of the wall in the diagram is 3% om but there are
examples of even thicker claddings. The Universal Picturea Building in New
York {Hamiin, 1952, p. 445) has 46 cn of cladding composed of 30 cm of brick,
a limestone venesr of 15 c¢m, and an interior panel of 1 .

Also of importance was the heavy cladding at street level where a decora-
tive stone was used instead of the brick used in the shaft (above the pediment
of the building). Starrett (1928, p. 198) =tates that there was often a 10-
to 20-cm-thick cover of stone vonee: backed by brick of another 20 cm. Inte-
rior materials added ancther 2 or 3 om.

Interior partitions of these structures were also heavier than partiticn
materiais used today. Starrett (1928) states that "in the earlier days of
skyscrapers, partitions were almost universally made of hollow tile, sometimes
7.¢ cm thick, somotimes 10.1 cm thick. 1In instances whare ceiling heights
were as high as 5 m (as in a public meeting room, hotel lobby, etc.), parti-
tions of a thickness of 15.2 cm were required. 1In additjon to these basic
thicknesses, there was a covering of about S cm of coabined lath and plaster.

4.6 STEEL/CONCRETE-FRAMED BUILDINGS WITH LiGHT CLADDING

Full advantage of framed construction is taken when the extericr walls
are made of light material. Not bound by the tradition of masonry construc-
tion which kept heavy cladding on framed buildings for such a long period,
nearly all multistory atructures erected in cities arcund the world in the
post World war 11 era have used a wide variety of light cladding. The effect
is that of "curtain walls” of light wmaterial. As discussed under the section
on venting, such cladding may be placed in consort with visible frame mem-
bers or it may be used to cover the frame. Ejther way the light cladding is
instantly recognizable. The predominance of such buildings, plus their great
heights, have allowed them to dominate the new skylines of major cities every-
where. The effect has been particularly dramatic in such places as major
wastern European cities where t.ese buildings ~ontrast sharply with low-rise
masonry structures. The contrast is equally strong in other traditicnally
low-profile cities such as Tokyo. Even New York City has had its older,
already high, skyline penetrated by such edifjces as the twin towers of the
wWorld Trade Center, the Scagrams Building, and the Pan American Building.
Iow-rise Boston is hardly visible for the large new high rises.

Once the departure from heavy cladding was made, innovation both in
materials and design resulted in a wide varjiety of exterior walls. Certain
principles obtain, however. First, as noted under "venting," these light-
cladded buildings give the appearance of having glass as a very high prapor-
tion of their total facade area. The actual clear glass area though is only
about one-half (refer to Tables 6 and 7) of the total; the balance is often
cosposed of opaque glass~like material designed to blend with the glazing
to give the appearance of a single, perhaps two-toned, reflective facade.

A second characteristic feature is the use of an insulation zone (con-
taining air or some insulating material) between the cuter and inner sides of
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the wall. Whiie the materials involved are ordinarily light in weight, the
net effect of the several types of materials of which the wall is composed f

could have significance in making determinations of how they might be pene-
trated by arms fire of various sorts.

Three examples are shown in Figures 22, 23, and 24 of the various types if
of material found. The first is a fairly elaborate example (the extensive £
use of aluminum pandals is because the building is the showpiece headquarters

office of an aluminum manufacturing company). It does serve to show, though,
how light materials cover insulation in a panel.

The second example (Figure 23) shows the use of double-paned glass to
serve the insulation functiocn., The elevation is an example of the obscuring %
of the frame by the light cladding:; the effect is a "glass tower." In such o
instan~e, reflective glass is often used partly for internal reduction of A
glare, partly for privacy, and partly for the dramatic architectural effect "
created. Conjecture on the appearance of thuse "glass houses™ in a combat
situation suggests that the atructure could quickly be “undresased™ to its
skeletal irame and look not unlike a high-rise parking garage.

Figqure 24 is an example of where lightweight concrete has been used as
panel material. As the material is not meant to be load-bearing, it is com~
posed of light aggregate to keep down the weight which must be borne by the
frame members. The matorial is still heavy enough, however, to pose a safoty
threat to anyone standing below during an earthquake. Thickness is alan

kept as low as possible (twin pancls of 7 ca on each side of the insulation
gone in wnis case).

e i AR oa .

Data on 10 examples from several countries (Table 10) serve to demonstrate
the wide variety of materials used in panels on 1light-cladded buildings.
Seven different inner wall materials and five types cof outer material are
used. Six different forms of insulation are amploysd. The relatively thin
17.0-cm average panei thickness matches the expected for such construction.

The thase of lightness is continued in interior partitions used in thase
buildings. The forms, however, are fairly traditional except for the substi-
tution of new methods and matarials. In Figure 25, lightweight, factory-
built metal studs are used instead of the old-fashioned wooden "2 x 4n0." A

sheet of motal lath substitutes for the old-astyle wooden slats. Plastering
remains conventional.

The drywall example (Figure 26) {follows more traditional lines with the
exception that gypsum board has replaced plaster. The use of a sound deaden-
ing board manifests the concern for sound insulation experienced when these
frame structures are partitioned into a numbexr nf off’ for several clients.

The summary table (Table 8) recounts all of the wall and partition
typea. The data ere placed in rank order with the thickest walls (of their
type) first. Thus, for load-hearing walls of frameless buildings, thickness
ranges from an average of 75.0 cm for stone buildings, 55.9 cm for brick struc~

tures, 24.2 cm for wall and slab buildings. and 20.4 cm for those of tilt-up
construction.
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3.20mm osbestoe- 7cm woolwood 1. 30cm plaster
cemaent panels on insulotion boards on 3/4 in,
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Figure 22. Fxample of a Concrete/Steel~Frammd Building
with Light-Cladded Curtain Walls
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Figure 24. Two-Story Example of Concrete Panels
on a Rsinforced-Concrete Frame
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A similar distinction is noted with the thicknesses of the heavy and g
light cladding of framed hbuildings in which the hesavy types averaged 35.6 cm
and the light types averaged 17.0 cm.
Interior weight-bearing walls are alsc given. Those shear walls found in v
brick buildings average 27.3 cm while those of the wall and slab structures
are only 11.4 ca. -
. 3
Interior partitions found in the older forms cf construction--brick and
heavy-cladded framed buildings--are hesavier than those of the new building
types of tilt-upe and light-cladded framed buildings. Thicknesses of parti- -
tions in the older types each average 15.2 cm while the later types average 3
10.8 cm.
..
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5.0 URBAN SPATIAL PATTERNS

A definition of the title of the chapter requires examination and explana-
tion of each of its component words, Urban is meant to include here all of the
contiguously built-up areas of a city comprising the central city, plus all of
the attached, or nearly attached, suburbe including modern concentrations of
“new towns® (self-contained areas designed for residential, commercial, and
industrial purposes). Spatial is used as an adjective here to indicate surface
spacc. Patterns are those replicative of universal arrangements of land uses,
building morphological chearacteristics, and the dynamic linkages of transporta-
tion lines which connect them with each other and the surrounding rural areas.
Throughout this study (and the previous one), emphasis is placed on the uni-
versality of patterns and not uypon local differences from city to city. It is
even acceptable to say that there is more similarity between major cities of
the world among countries of diverse aconomic levels than there is batween a
major city of a developing nation and the rural area of its own country.
Accepting the notion of replicative patterns and universality is essential if
sufficiently well-drawn generalizations are to be drawn for applicatior to
military planning problems,

Several universal constants obtain for cities throughout the world which
favor the formation of replicative spatial patterns. It ho.ds that if eco-~
nomic stimuli are universal, reactions to these stimuli will also be constant
even though a minor amount of local variation can occur.

The following five constants are identified. The first states that not
all the surface gpace of a city can be built upon. Obwious and essential non-
built-upon surfaces arc the streets which serve as linear linkages Letween
functionhal rones and permit articulation within them and between them. In
addition, there is an expressed necd in cities everywhere for a certain amount
of areal, rather than linecar, open space components. Upon examination some of
these open gpaces function mostly as land designated for ceramonial purposés
and as landscaped non-built-upon areas to provide spaciour settings for public
buildings. Ths landscaped grounds and public spaces in capital cities are
good examples., Their appearance ranges from the landscaped areas of the
Renaissance-Baroque styled washington, DC, to paved-over Red Square in Moscow,
Another major type of open space, some of which may be integral with the first,
is the provision of land for recreational purposes such as parks and athletic
fields.

The distinction between public-saector and privste~-sector space is signifi-
cot. Cities with a distinctive government function or cities in countries
w ere the importance of the state is omnipresent tend to have a higher propor-
t oun of publicly owned open space. Streets themselves are frequantly wider,
f 1tbacks are broader, and t! sre are more designated open spaces. More com~
tercially oriented cities have narrower streets and fewer open spaces becauss
of the greater emphasis placed on private-sector land ownership and usage.
Cities cf the Middle Ages werc good examples of having very little land in
public ownership. The planned, open style of cities built (or remodeied)
during the Renaissance-Baroque period yielded a much higher percentage of




[

publicly owned space. Newly built sections of modern compercial cities, which
have free-atanding skyscrapers standing amid landscaped grounds, are a modern
variant, even though the landscaped opan space is privately owned.

A gsecond constant states that the tallest buildings of a city are located
at the center; in the immediate ares of what is referred to g8 the "peak land-
value intersection.” Prom this peak of & profile "pyramid,” building height
decreases with increasing distance outward from the center; lesser peaks are
present, howsver, for “outer-city® cores. A further chuaracteristic is that
building density is higher ir the center of the city than elgsewhere, reflecting
the high value of surface space.

A third, and related, constant is that streets in the center of the city
4re narrover than those farther away from the city. Curb~to-curb dimensicons
may not be greater, depending on tha nature of the original platting of tha
city, but the distance between buildings facing each other across the street is
definitely greater away from the center becauss of setbacks.

The fourth constant, also related to streets, states that the significance
©f the centor of a city requires access to and from the surrounding parts of
the city and beyond, and this manifests itself in the presence of the conver-
gence of major arterials on thes center.

The fifth constant is that, in one form or another, the center of the city
is the area which has the greatest conceniration of cultural and governmantal
buildizgs. JGovernment, as well as business, serves the needs of the entire popu-
lace and both require a maximum of centrality.

S.1 STREET NIDTH LINES~OF-SIGHT

Street width is obviously a readily measurable phenomenon, This measure-
ent is also at ohce a measurement of across~the-street line-of-sight, The
proportions of certsin widths in 16 international cities (from an earlier study,
Urban Building Morphologqy) demonstrate the univercal adherence to the principlus
indicated above.

Data attained in the previous study are analyzed and presented in graphic
and tabular form {n Figures 27 and 28, and Tablcs 11 and 12. The pie graphs in
Figure 27 provide a + wary picture. The dominancs (Figure 27) of streets occur-
ring in the range of widths between 15 and 25 m is clear. The average for all
cities of this clams reaches nearly two-thirds (64.5 percent) of all streets
(actual figures are seen in Table 11). European cities, with their heritage
of parrov streats extending from Medieval times, reach a figure of 70.3 per-
cent. Cities of the Middle East, which aloo and traditionally have high pro~
pertiong of narrow streets (as in the medinas), sttain s figure of 61.2 per-
cent. That the tigure is not higher, considering the axistence of tortuous
alleys associated with asuch places, is & product of the large areas of new
planned suburban developments with their broad avenues which are aversged into
city totals. Asian cities, which have tha largest proportion of even narrower
strects (in the 7- to 15-m width class), continue with the concept of crowied,
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Table 12. Lines-of-Sight
Distribution

Sixteen International Citjies
Lines-of-Sight (m)
City 7-15 15-25 25-50 15-50 Total
Stavanger - 2,213 2 4 2,219
Bremen 377 2,756 1,489 393 5,015
leningrad - 6,300 2,024 180 8,504
Budapest 4,208 14,424 - 2,156 20,788
Istanbul 1,077 254 n 77 1,479
Casablanca 48 3,820 1,032 244 5,144
Cape Town - 1,447 214 603 2,264
Jerusalen 93 1,154 197 474 1,918
! Madras 1,368 3,549 1,460 - 6,377
? Bangkok - 5,620 1,480 - 7,100
Singapore 232 1,616 514 - 2,362
| Canton 1,388 1,952 - 24 3,364
3 Secui 5,040 1,532 2,184 24 8,780
Guatemala City 2,294 928 - 166 3,3es8
San Francisco - 1c, 045 156 1,79 11,997
Charleston 16 2,628 8 98 2,750

REGIONAL SUMMARY

EUROPE 4,585 25,693 3,515 2,733 36,526
MIDDLE EAST 1,218 5,228 1,300 795 8,541
AS1IA 8,028 14,269 S,638 48 27,983
ALL CITIES 16,143 €0, 238 10,831 6,239 93.449

harrow strects and high population and building densities. The explanation of
the sxtraordinarily high figure for the two U.S. cities in the study--
Charleston, WV, and Ssan Francisco, CA--with streets in the 15- to 25-m cate~
gory is that both of these cities are aberrancies on the American scens due
largely to their physical iocations in eithar a narrow river valley or at the
end of a peninsula.
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The second most significant street width is the narrow 7- to 15-m class
with an aggregate for all cities of 17.2 percent, Much of the total cormes from
significant areas in Asian, Middle Eactern, and European cities, all of which

. have vestiges of patterns of extremc age comprising their total.

The third class, in rank order, is that of streets of 25 to 50 w in width
(11.6 percent as seen in Table 11). Cities of the Asian region rank highest
here. The explanation is that they have experienced heavy growth in their
suburban areas in recent years in the form of planned, residential areas where
the goal has been to alleviate the high densities aasociated with traditional
central cities.

The smallest element is that of areas with the c¢xceptionally broad line-
of-sight distances in the range of from 15 to SO m, These situations cccur
primarily in the large area “outer-city"™ type developments located in the
urban periphery.

. Detailed data for individual citios appear in Figure 28 and Table 12.

: Certain cities deviate quite broadiy from the generalizations. Localized

; : reasons can bae cited for significant variations from regional norms. Begin-
ning in the upper left corner of Figure 28, Stavanger, Norway, is such a small
city (both in area and population) that virtually all of its streets fall into
the 15- to 25-m class. The fairly large area of 25« to S50-m-wide streats in
Bremen i3 a result of that city's oxtensive rebuilding following the last war.
leningrad, because it is a planned city, has no streets in the narrowest class;
Budapest, reflecting 1ts medieval character, has a fsirly high proportion.
Istanbul, because of its longevity as & major city of Roman, Byrantine, and
Ottaman Turkish cmpires, expectedly has a large proportion of its total ares
devoted to narrow streets. Casablanca's famous Medina, with its extremely
narrow alleys and byways, accounts for kut a very small portion of tha greater
city with its extensive area of broadly set planned housing units. Cape Town,
by definition, has virtually no narrow streets and instead manifests an inter-
national mode. Jerusalem's old quarter accounts for its share of narrow
stroets but the rest of the city is wholly modern. Madras has sizable arsas
of former “native quarter” settlements with narrow streets but also has a high )
proportion of 1ty arca devoted to wide avenues, a vestige of colonjial daye. ;
Bangkok and Singapore display similar characteristics. Canton, expressing the é
more expected Asian pattern, has 2 high proportion of narrow streets. The 3
situation in Secul is even more pronounced. The proportion of narrow streets ;
in Guatemala is the result of its being platted in Spanish colonial form

rather than having evolved from a village setting as with the Asian cities.

The high proportion of 15~ to 25-m streets for the two U.S. cities is a clear
expression of American standardization and an evolution and growth of cities

which has occurred almost entirely in the industrial/commercial age.

All the generalizations above are supported by weasuremsents which appear
in Table 12.
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5.2 INTRA-CITY VISIBILITY

Although the initial conceptual view of lines-of-sight in a city is simply
that across streets, more intensive examination of all of the types of patterns
of occupance of urban land quickly reveals that there are numeirous situations
where the concept of buildings linem up along a street does not apply. A more
open aspect is found especially in newer, planned developments located either
in redevelopment areas or in new, planned projects at the edge of the city.
Streets and drives serve theso areas but the impact of their planned arrange-
mént dominates. Buildings are arranged ir accordance with strict plans and
are separated from ona another ir all directions.

Very aimply put, there arc just three basic patterns of placement of
buildings on urban lots. They are (1) aligned attached, {2) aligned detached,
and (3} nonaligned detached. The firat is found typically in downtown areas
where buildings are set wall to wall so that each may gain maximum exposure to
' the street {the right sjde of Ficure 29 is an example). The second is seen in
[ a detached housing residential area (Figure 30, left side). The third, the
i nonaligned detached, is becoming more common and appears in outer~city develop~-
ments (Figure 31), in planned unit development residential areas and in rebuilt
' central city areas.

The following discusres the lines-of-sight associated with seven different
spatial patterns found in representative cities, Three of these are contrast-
ing pairs. They are dosigned to compare lines-of-sight betwean gections of
cities and between cities of different ccountries and regions. Another, Figure
11, represents a typical "Outer-City"™ development.

The first pair (Figure 29) contrasts the sharp diffe.ences in line-of-
sight diatances which exist bhetwesen a modern downtown redevelopment area and
a tightly knit traditional central busineas district. The former, in San Jose,
CA, represents a planned development in which free-standing buildings have
been placed on "super blocks" in an area in which the U.S. tiousing and Urban
i Dovelopment Department razed an old section of the city. Buildings are ateel/
concrete-framed structures and are separated by wide streets and landscapead
grounds. In this example of nonaligned detached placement, lines-ot-sight are
in all directions, not just across streets.

The pattiern in San Jose, Costa Rica, by contrast, is typical of Spanish
colonial cities with its square blocks (one mensana in size, 80 varas, or
paces, onh each side) and narrow streets (of about 10 m wide). Buildings com~ ]
pletely cover the blocks in most cases; non~built~upon spaces are but minor
courtyardas and places whare buildings have baen razed. The only significant
open spot is the block occupind by the dosmtown's principal plarza.

Lines-of-sight were drawn betwsen buildings in the California example and
acrose streets (and the plaza) in the Costa Rican example. Thase distances
were then averaged. The mean distan~e of 66.8 m for the San Jose, CA, axample
igs considerably greater than the 18.8 m average for San Jose, Costa Rica.
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A most important consideration in this comparison is recognizing that the
two radically different patterns are frequently found side by side within the
same downtown, central city area. Reasons vary. 1n some instances there has
been planned redevelopment of decayed parts of the central business districts;
U.S., urban redevelopment areas are good examples. In other instances, such as
in cities which suffered heavy atructural war damage, newly styled areas with
their free-standing buildings stand in marked contraat with older, more tightly
knit forms. 1In yet other cities, growth has bsen so rapid that there are siza- A
ble arcas of new forms which have beon appended to the older.

Militaiy plarning isplications are clear. Operations in the open-style
{nonaligne: detached) type of area, with its long lines-of-sight, permit the
use of diffcrent tactics and woapons than those which sust be employed in the
. high buyilding density areas, Other aspects of military planning are also
4 potentially involved., Communications, logiatics, transportation, and air-

’ support actaivitices all mugt cope with the basic differences in these two types
of urlan environments.

The same goenoral theme is jpursued in an exanination of the varying situa-
tions with two levels of building density for whoiesale-industrial districts
{(Fiquro 32). Tho higher density of structure~ in the Berkeley, CA, example
S typifies what 1s oftan found in older, fully developed districts. The high
. ) deneity of (often smaller) buildings traditionally occurs where such districts
’ were placed along rail lines. Such high concontrations pecmittsd economic
séivicing by rail spurs. Because these districts were located close to other
major scctions of a city, therc was a further desire to have them ar concen-
trated as possibile Lo contain auch laind uscas and (o permit Lhe higlest possible
accessibility by mass surface transportation. Reduced distance to the major
market, the central city, was ancther constdersaion in their planning.

The Santa Clsia, CA, cxapgle typifics modern &reas, These are composed
of fewer, usually larger, buildings and are sct farther apart than the older
types. They arwy ordinarily located within plained industrial/business parks,
Access to {reeway interchanges s favored over that to railroad lines. Because
of the need for space for motor trucks, there are wide roadway arterials withirn.
The provaision of large parking lot. for the automobile-driving commuter workers
uses yet greater amounts of space.

The net result 18 a pignaficant difference in the lengths of lines-of-
gight. 41.4 m for the high-densrity exa g'le and 58,9 m for the low-density one.
Implications for military planning are similar to the situation encountered
for the previous comparison but to a lesser degraee. The probable differences
in types of buildings found in the two must he considered. 1In the higher-
density area, older forms of construction are the mode. Ste=] and concrete

' buildings are common. These have large window areas and generslly light clad-
ding, somctimes only sheot, corrugated steel. The low-densi'y area is wmore
likely to consist almost entirely of reinforced concrete tilt-up strtures,

although mure g. in the United States than elsewvhere. Thus, while 11 - -of- -

sight are shorter 1n the higher-den-ity area, penetrability of walle . = * De
easier.

L B, B
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Contrasting residential areas are examined in Figure 30. The low-density
example in Cupertino, CA, is typical of single-family detached housing suburban
aprawl (aligned, detached). Houses are sat back fram the curb a distance which
is as great as that of the street itself (12 m). Another 15 m of soparation
occurs between the rear alevations of houses on baordering lots., The etructures
themselves are 18 m daep. Streets are intentionally curveq to be pleasing
acsthetically and to slow vehicular traffic flow, Line-of-sight meagurement
consists of across-street Adistances, at corners, and across back yards. Tha
product is an average of 32.0 m,

The situvation in the high-density example, a neighborhood in San Francisco,
CA, (alignad, attached) displays the more traditional mode of rectangular
blccks and straight streets. HMHouses occupy the full width of their lots giving
a visual impression of comeon wall constiuction even though each building was
erectaed independently.

Open space in the area consists of the streets and the narrow hack yards.
The average of measurements made acress them reaches a figure of only 24.7 m.
While this example cowes from the United States, the form is common in Curope
and lines-of-sight are similar.

The final example is that cf Neuo Vakr (Figure 31), a planned outer-city
development in Bremen, FRG. A mix of aparusent uildings of various sizes and
types occupies a woll-planned, arranged site (nonaligned, detached). Broad
avaonues, walk ways, landscaped grounds, and athletic f£ields separate the build-
inga. Some Jdistancos between buirldings arg extiasvrdinarily wide, enough so to
cause the mcan line-of-sight distance to reach the figure 59.5 m.

Table 13 summarizes the line-of-sight distances for all of the examples
Mogt tignificant is the great range found. %The existence of large areas
within cities with line-of-sight distances ranging from 32.0 to 66.6 n serves
to cause the modification of the sometimes held notion that all urbar situa-
tions consist of solidly packed ranks of buildings with no setbacks facing
relatively narrow streets. The spatial pattoerns of modern cities are much
wore vatried than such an image contends, Accordingly, a variety of situa-
tions and urban environments must be connidered by military planning.

In a search for the finost level of detail possible for evaluating surface
lines-cf-gight, precise measurcments were made in the old city {(Altstadt) of
Bremen of both street width and visibirlity along streets. The street pattern
and the widths are typical of many European cities which gt{ll reflect charec-
teristics which were established in the Middle Ages and have changed little
since with the exception of soe street widening and realigmment in postwar
rebuilding. Availability of large-scale, accurato asps and serial photography
plus field verification assure that tha measurements are accurste.

The map (Pigure 33) indicates the horirzontal along-streat, wmeasuremsnts
made., They are the longest, clear lines possible wither across an cpen gpace
or before a curve in the street causes & visual obstruction. A total of 92
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measurements were made using the linear measurement device on a Numonics elec-
tronic planimeter/digitizer. The gross length was 14,936 m, the mean langth

] was 162 m; and the median was 125 m. Measured lines-of-sight ranged from 33 m
to 516 m.

An extremely accurate measurement of across-the-atreet lines-of-sight (see

3 Table 14) was achieved for the same area (Altstadt) in Bremen by first measuring

the width and length of 66 aeparate streets. The total length of street in

! each width class could thus be calculated and the collective msan established,

1 By thie process, the resulting mean was 17.4 m. The standard deviation of

] +7.7 m indicates a small range betwesn the narrowest and the widest streets.
Exploving the measurement of both length and width in the calculation provides

: a more comprehensive, reliable figure than reguylts from the simple sampling of

1 widths alone. It should serve better to provide the kind of parameter required

: by military planning.

i Table 1l4. Across-the-Street Linee-of-Cight

mp -

Streets .
: No. wWicth (m) length (m) Pexrcent of Total
g 3 9 230 3.1
; 12 10 1,240 16.6
b 6 1 80 7.8
: 13 i 31,850 24.6
E J 1% 29 3.9
[
' 4 18 760 10.”
2 -0 200 2.7
5 5 22 470 6.3
2 25 320 4.3
9 30 1.%30 20,5
g Mean Stregt Width: 17.4 m
g Standard Deviation: 17.7 m
2 Distribtion
3
* 12 om {10a |18 |22 {id]e]?
] 5 5 0
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The distribution chart in Table 14 slows the rank ordering of street widths.
It demonstrates a bimodality in which the narrow 12-m and 10-m streets collec-
tively account for 41.3 percent of all streets, while the broadest lines-of-
sight in the measured area (30 m) accounted for 20.6 percent. Thase latter
lengths are accounted for by the lines-of-::'ght across the squares and market
place in the very heart of the city.

In a broader test (Figure 34) horizontal along-the-street measurements
were made for an area which is virtually all of the built~up area of Bremen.
In this test, the configuration of streets was regionalized. Regions where
open, unobstructed lines-of-sight along atraight streats did not reach S00 m
were placed in one class. (The distance of 500 a was selected as the nominal
accurate range for small arms fire.) The situation causing lines-of-gight
not to exceed 500 m occurs where there are short streety connecting parallel-
ing arterials and where there are T-shaped intersections. The average line-
of-sight for all streets in this class was 230 m (Table 15} in a sample of
154 stroets. Thoy are concentrated largely in a zone just beyond the old,
original center of the city, an area built up mostly during the nineteenth cen-
tury. The areas with lines-of-sight greater than 500 m are assocliated mostly
with post World War 1! surburban developments and the industrial and dock areas.

Table 15. Surface Horizontal Lines-of~-Sight

Bremen, West Germany

Street
Average LOS Sample Area ansity
Street Type (m) No. Strects {ha) per ka
Straight
Strects legs 230 154 399 40
than 500 »
{urved Streets
less than 500 m 159 136 68 200

The curved streets with lines-of-sight less than 500 m had shorter aver-
ages (159 m). Their location on the map (Fiqure 34), located as they are both
in the oider central city and the farther reaches of suburbia, expresses ‘wo
spattal phenomena. In the old city, the curved streets are vestiglal from

the Middle Ages; in suburbia they are planned designs for model residential
coammnitios,

A comparison of densitics of these two classes yielda further intexest
(Table 15). Am might be anticipated, tho donsity of straight streets is far

less--at 40 strects per km?--~than the curved streets where there are 200 per
km* .

1t is suggested that measuresents of this type provide military planners
with a useful means of evaluating the Jdifficulty of operatfions within the city. .
The use of such index figures as street densities has possible utility in -
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several ways. The mapped featurea provide necessary spatfal information,

especially in evaluating ingress and egress. Potential areas of difficulty of

defense and offense can be delimited. Comparisons with numerous cities would %
sarve to establish the sort of replicative generalizationa with which to develop = S
doctrine and training. 1

5.3 CHARACTERISTICS AND PROBLEMS OF LINE-OF-SIGHT IN LIMITED
VISIBILITY URBAN SITUATIONS

Concern has often been expressed over the potential restrictions which the
highly concentrated sectors of the urban cnvironment could piace upon the .
exployment of shoulder-carried assault woapons. One potential difficulty is
Qeen to result froe firing such a weapon across streets which are narrower than S
the recommended safe arming distance of the warhead. Another difficulty is P
perceived in attempting to fire across and down a street to a point where maxi- -
mum angles of obliquity woculd be exceeded. That the urban environment does &

1 posc these kinds of restrictions is confirmed by measurements made in this and i
f the provious study completed for NSWC (Urban Building Characterigticsg). ’

The potential problems to be confronted are shown graphically in Figures 1S
and 16, In thesec examples, two assumptions are taken: (i) that the minimum
arming distance is 15 m, and (2) that the maximun allowable angle of obliquity
is 45 degrees. These figurcs are, of course, taken only as working numbers. =
3 The plotting of other higher and lower numbers might prove useful; the values
E Joed here are held to = representative of the problem. g

PO

Using these parameters (Figure 35), the full width of a target (between 9
the limits of obliquity) may be acgyuired when street widths exceed 15 m. Por £
a street 15 » wide, the width of the target (between the 45-degree angles) is
30 m. This effective target Zone widens with increasing distance until {on
the diagram) it reaches 40 m at a distance of 20 m fvom the firing position.

For street widths below 15 m, the size of the target which may be acquired
within the given parameters rapidly becomes smaller. The shaded area in Fig~
ure 35 represents the area where adherence to minimum arming distance and
obliquity will not allow usage of the weapon. Examining street widtha lying

| hetween 11 and 14 m in detail (Figure 36), we observe that the potentially

i acquirnd target wiadth diminishes quickly from 8.6 m for a l4-m wide street to
L 5.5 m for a 13-m street, to 3.0 ®» for a 12-m street and then to 80 m for an

l 11-m street. For utreets which are narrower than 11 m, there is no possibility

: at all of acquiring a targrt. All of these figures presume a firing position

{ at the front face of one building looiing acruss tha street at a target build-
ing. GCbviously, target acquisition width could be increased by firing from
within a room. c(onsideration of such an operation opens the whole question of
gaining entrance into buildings, facing back-blast andi noise problems, acquir-
ino firiag positions on upper floors, and breaching partitions laierslly within -
buildings and oxterior walls of adjoining hkaildings.

The restrictions posed by narrow street situations have ootential signifi-
cance to tactics and doctrine planning and development. If given the validity

=15




butway wnuyutw jo uoTIROT1ddY fuOT3IT

A3nbyTao 3o sarbuy +igeidescoy puv esueisiqg

arnboy 38davl/yIPIM I0I3S  ‘g¢ dxnbyg

R

Rt A e

K BTRWEET T

(w)

euoz

1081wy

L LIREL FYY |

ks b

87

-




AT

T v,

LSBT TIL I YA

-

TOORERT

ML ek o o mAmamcas e -

L.
——

T TTWE CITTRY
—a— g

& pI-10 3O sYIpTIM I9IIIS

§9u0) uorIjsinboy jsbaepy 9t @anbig
dJ d4 44 d3 uotlisod
Bussdzgdd
sio)op u|

suoIsSueWQ IV

8A

e




SRS T T W W ECTTTUCW L AR LTI VR T BRD S FAA R Y Y e TRy PR

rr u‘,' T e I L T e T At it T At & R e = o
B v
g A

of the parameters sssumed, an assault weapon cannot be used sfticiently in such

situations, the suggestion is clear that alternatives should be sought. Of

course, the proportion of all cities in the world which present such restric- .
- tions is relatively smal)l. Reference again to Table 1l reveals that only 17.2

percent of the area of the studied cities lies within the 7- to 15-m street 3
E width range, These do vary regionally, however, and cities within certain ,\__
k . regions (FPigure 28) such as Asie and Latin Awerica, have sizable portions of '
cities with narrow streets. Such : - ctions alsc are found in smali, but impor~
tant, cores of cities such as was demonstrated in the case of the Altstadr of -
Bremen (Table 14). 3

A taak i3 perceived here for military planners to evaluate the internal
: street geography of cities of interest and to determine just how important to
; the total mission operations would be in the narrowest confines of the city.
The unanswered question remaing: are these narrow atreet areas different in X
b xind or only different in degree? And, do they require spocial cousiderations 3
for all types of military planning, weapons development, tactics, logistics, B

etc.? iy,

v

Special attention needs to be given to street intersections for it is here
that the visibility situation is significantly difierent than that encountered -
. in the “across-the-strect™ conditions., The ability to see down, across, and
aluong two ntpects (see Figure 17) gives these corner positions a big advan-
tage ag f.ring positions, The example contrasts the "normal® corner, where
structurz2e are built right up to the corner of the lot, with a building which
has an angled (“"double”™) corner. For the latter, aot an uncommon situation,
the visibility cone is conasiderably greater than that of the normal corner.
The bigqgest sinqgle advantage of %he corner situation for the defender is the
virtual elimination of the minimum arming distance problem for all but the
narrowest of struets. Angles of obligqu :y still impose restrictions, however.

1w

" e YW —— A JHTYS P B L TR R e

Bremen was cxamined to determine the incidence of types of intcrsection

; {(Figure J8). C(ross-shaped intersections formed the largest proportion of the

P total. 1Intersections where a street dead-ended into an arterial ("T" inter-
: sections) are similar situaticons. Angled "T" intersections and irregular

; intersections present a more comprlex line-of-signt problem.

5.4 STREET AREA TO BUILDING FLOOR ARIA RATIOS

Y]

The conceptual view of a city does not cor st of buildings and streets
independontly but rather of the collective ix  :8sion of the twe in combina-
tion. The concept is traditionally developed from the viewpoint of the cbserver
who i8 located, primarily, on the street looking at the profile of the build-
ings bordering it. The view i3 three dimensional, of course, but within this
the horirzontal plane of the street and the vertical of the buildings dominate.

I W TOYEP I WO I S - e

Given that the streets and the buildings are the two primary elements of
the urban environment, a means is presented here to quantify the relationship
between them with a view toward developing ratios which could serve to indicate
degrees of intensity. In crowded downtown situations, in reaction to the
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desire to make maximal use ot high-evalue land, buildings cover virtually all ;
space cxcept that roguired for the strects necessary for articulation.  The

ground-floor arca of Llocks 18 obviously greater than that of the streets which

scrve them, When a multiplication of surface space is considered, as results - g
from construction of multistery luildings, the total floor space vastly exceeds

that of the non-lLuilt-upon ground space represented by the streects (and some )
open spaces) .  Measurements of street and tloor arcas of adjacent buildings oJ,
an the acvorpanying Jdiagrams provide a series of ratios.  Plotting of these on

mape of real cities (Mremen and Casablanca) jrrovades spatial patterns of these

phenomena.

A potential military walue 15 anticipataed,  From the attachers point of
view, the streets represent the obwvious lines ot acceas and the buildings
represent the objectives, When, as 1% common, the buildings are multistory,
it 15 the total floor space which can become the objective, Thus, from a -
purcly hypothetical point of view, when the streets ate nsrrow and the build- ot
1ngs tall, the ratio ot floor space (jotentially occupied by the cnemy) can &
far excewd the arca of the accens routes (the streets).  This means further
rnat the defenders can be disper sed over a considerable amount of space while :
the attacker as concentrated o the strect. e

5.4.1 Metlhod -
The end goal ot the methol wan to arrive at a ratie of strecet area to
floor arca., In jparticular, this means establishing that for a square meter of
sticet space tlerte werle x siuare moters of floor space in the buildings facing b

that street.,

Jitiving at thesce tigares required manipulating previously gained data on .
the average ustrect wiith and the avelage number of floors for buildings. To 5
these werr adlied reasurements of lengths of Lireets for cach building and
strect reagion.  Vning these data (sce Table 14), the ratio of strect area to
building flour arca was Jdetermined by relating total Btreet area (width time
length) to total buirlding floor arca (derived by multiplying the average
number of {lovrs by the arca of ground covered by buildings.)

>.4.c Finding:

Table 16 jresents the data in order of descending ratio density, The
highest ratios occur where concrete-framed buildings average seven stories high
and face streets which average 11 m wide. The lowest ratios are found where ~
brick buildings average four floors and have {rontage on streets which average !
20 m in wadth. 9

The ratios acguire a greater significance when plotted in a real-worlid -
situation (the map of Bremen, Figure 39). Highest ratios occur, expectedly,
in the center of the city (the old section with its high-rise buildings and
narrom strevis)., Two large arcas of the second highest ratios are found,
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howevey, farther out (note that not all of the city is mapped in this example~~ ? R
2 lower ratio suburbs lie beyond). These second highest ratio areas result from s
] large areas of L.ick buildings averaging four stories high facing fairly narrow
. streets. The lowest four ratios (all nearly the same values) are found both in

and near the center and out at the edges. k-

. Several military inferences are possible to take upon examination of the oy
arval pattern presented here. For one, while the center has potentially the ¢
most difficult arca, 1t also has some of the lowest ratio areas. This is -
probably common to many cities considering that the centers often have repre-~
sentatives of both the old and the new. The implication is that military orera-
tions in the center of a city could ke difficult in one place, easy ir another.

The presence of such a high ratio (16.2) for much of the area on the east :
and north of the mapped scgment is also not uncommon, representing as it does 'y
the large areas of middle-height hirick structures (mostly apartment houses) 3
whivh lie out beyond the city core. These could pose a surious threat to
ingress to the center.

The remaining lowr ratio arcas are where there are such low~rise byild-
1ngs as factories, warchouses, and smaller residences all facing either wider
streets oy non~built-ypon spaceus for storage, railroad tracks, etc.

This analysis of the city is but a step toward developing a more complex

g index which could indicate potential difficulty of conducting military opera- i

: tions 1n cities., One addition to the formula to create the index would bhe the f--—
impact of type of building relative to its height, For example, each floor 3
of buildings with load-bearing walls (brick) c¢ould well be a formidable obsta-
cle. laght-cladded framed buildings, Ly contrast, offer little protection to
defonders 1n their upper srorics.  Accordingly, these buildings (and all
others) could be given an appropriately weighted factor. Height alone may not
be as important as the ratios sugqgest. If doctrine, both defensive and offen-
sive, called for not using or being concerned about uypper floors, then a
weiglting (actor could be introduced, The amount of weighting cculd come only
as a result of a full analysis of all factors. The end product, an "index of
the degree of complexity,.” could be applied to a numbezr of test urban situa-
ti 19, The results could prove to have high value.

X

%.4.1 The Casablanca Example

The same method was employed in an analysis of Casablanca. Again street
length measurements werce added to data acquired earlier and re’ios were

computed.
Some of the results were similar to those found in Bremen; some varied. '{:]
. The high ratio of 39.3 (Table 17; in Casablanca reflects the presence of a ‘

larger area of tall buildings than is found in Brewen. Decause of the rules
followed in determining the ratio, the tall (average 13 story) buildings,
although lccated on streets averaging 20 m have enough area (both ground and
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floor space) to yield a high ratio. As befits theory, the region of these high
ratics is located in the heart of the city (Figure 40). Areas of second high-
est ratio (22.5) are associated with high-rise apartment buildings located in
scveral locations outside the center. As with Bremen, there are large areas

of brick buildings with an average height of five floors and situated on aver-
age 20-m-wide strects., These form nearly 44 percernt (in total floor area) of
all types., Low ratio arcas are composed mostly of low-rise warehouse and fac-
tory areas and single-story residential structures.

¥Yor Casablanca, the same fijures are manipulated into a theorotical model
format (Figure 41). In the model, band width is proportional to the amount of
floor space of cach type. Mcan digtance outward from the center of the city
is also vmployed. The mode) provides a better sense of order than the map.
It suggests that the most difficult (highest ratio) arcas occur in the center
Lut that there exists a fairly low ratio area immediately around this high
ratio core. Other high ratio .reas occur in rings yet farther out from the
center, It may be anticipated that the construction of such models for a wide
number of cities could lead to tho development of generalizations about the
structure of vities which could have possible utility to military planners.
It is quite probable that there would be relatively little variation for mod-
eled cities within a single cultural region, such as western Europe. The con-
structing of models of numerous West German cities could prove fruitful.

5.5 OPEN SPACE WITHIN THE CI1TY

Fmphasis on line~of-sight visibility within the city has been placed on
the streats, both across them and along them., Another important camponent of
intra-city visibility is the open spaces. Mozt of these occur by design and
are ordinarily landscapcd parks or areas set aside for ceremonial purposes or
to provide opcen vistas across which to view edifices which are designed to be
symbols of power and authority. There are classic examples of large open
spaces of parkland such as Central Park in Rew York. Ceremonial areas such
as Hoscow's Red Square and Mexico City's Zocolo are common. Landscaped back-
drops such as the Mall 1in Washingten, OC, or near the Eifel Tower in Paris
also occur.

There 115 potential military siqnificance of these open spaces in that they
arc areal, angular features rather than linear, as with city streets. Accord-
ingly, several characteristics accrue. Being non-built-upon (with the excep-
tion of monuments and the like), they provide broad open fields-of-fire to and
from the buildings surrounding them. As large as they are (8.5 ha in the anal-
ysis reported on in Table 18), they provide space for the deployment of such

tools as tanks ard artillery which may not i ? able to operate on city streets.
They also obviously provide space for troop assembly and material storage.
Most are also capable of providing areas for helicopter landings and takeoffs.
Because of their nature, they are normally devoid of utility lines for aea-
thetic reasons although trees and monuments are often present.
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41. Model of Ruilding Floor Arca Relative to Street
Casablanca
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Data pruesented in Table 18 were derived from maps of open space in the
originil work Urban Buildiny Characteristics. Because city size varied (both
N in population and area) and because the amount of area varied (the amount of
) territory covered in each city was a product of available aerial photography),
the data were standardized here by measuring the open spaces only for an area
lying with a 2-km radiug from the centor ot each city.

} Several measurements were made.  Farst, the arca of cach open space was

; moasurcd. They were counted and averaye areas were computed. The proportion
of total open space within the 2-km circle was also calculated. Their average
distance acruss was measurod as was the average distance scparating all open
spaces,  Samples of phenomena neasured appear in the maps of sample cities
from ecach reglon (Figure 42),

The most 1emarkable finding (fram Table J8) is that the open-space charac-
teristics of the studied cities are 5o slmilar., The similarities are: (1) the
number of open spaces and thu average size show little variation; (2) the aver-
age si1ze Of open spaces {for cities in REurope, the Middle East/North Africa,
and Asi1a 13 vory nearly the same with areas of 7.9, 8.1, and 9.3 ha, reapac-
tively; (3) their averaye distance apart 15 also quite even varying only from

' approximately 3150 to 4906 m; and (4) Jdiutance actoss also varies little ranging
from about 273 to 321 m. The two U.S. cities have both fewer and smaller open
spaces than their foreiygn counterparts. This may be somewhat aberrant due to
the physical settings of both San Francisco and Charleston. The former is
crowded on to the end of a hilly peninsula where space 1s at a premjium and the
latter has an analogous jposition along the narrow flood plain of the Kanawha

v as o
A Vet .

The consistency and universality demonstrated in the table has interesting
military implications. It amplics that open spaces are a dependable feature
and may be s0 considered in tactics planning. The network (hased on average
distance apart) 1s also a fa-t of potentially high value.

The few deviations from the norm can be reoadily explained. The high
average sire of units 10 Bremen stems largely from the presence of the large
park lying within 2 km of the cicy center. Other cities have extraordinaraly
larges ceremonial areas, for one reason or another., Jerusalem has its reli-
gious arecas, Madras has vestiges of grand city planning from British colonial

Y days, and Bangkok has traditional ceremonial open-space features commonly
B found in a capital city.

¥ 5.6 NATURE OF THE URBAN PERIPHERY

Much of the discussion on potenlaal military operaticis in bujilt-up areas
has concerned itself with the intengively developed center of the city.
Studies have tended 20 emphasize the maltistory buildings and the relatively
narrow streets on which they are found in downtown areas. Even the conceptual
image of fighting in cities, as gained from World War II experience anud from
watching film tootage of fighting in such places as Stalingrad and Berlin, has
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qenerally bLeen one of the wiban orvironment as being composed of tall buildings
(usually of masomiy constructicn) with no sctback from the straet. Much of the
tactics planning and the development of doctrine has also posited the urban
epnvironment 1n this way.

Increasingly, a necd 13 being expressced to consider the whole city, that
18 the ontire metropollitan area comprising not just the concentrated center
but all of 1ts other components as well. The metropolitan area (defined as
the entire contiquousnly built-up area) is composed of city center, industrial
districts, open spaces, engulfed, cnce-independent urbai. centers, large areas
of housing and their commercial sorvice clusters, and "outer citjes”™ (those
plannod concentrations of residonces, officos, factories, etc., found usually
near thoe periphery of major cities). Several compelling reasons have been
broughit forth by military planners which suggest that there is a strong need
tuo gain a better understanding of all of the component parts of metropolitan
arcas,

Thare 18 fi1yst the suspiction that adherunce can no longer be given to the
traditional Jdoctrine that fighting i1n cities should be avoided, This uncer-
tainty stems from the simpie fact that cities have so mich total area that
they block prejected routeways acrossa the countryajde. This is indeed inher-
ently true when it is considered that not oply have cities expanded areally
but that they are occupying ever larger proportiors of level, easily crossed
ter "aan. Add to this the further concomitant characteristice that cities, by
nature, arce often located at some strategic junction point such as a road
junction or river crossing. 1In such a pos:tion, these expanded metropolitan
areas pit astride the natural routeways, blocking sdvance or retreat,

A8 a coruvllary to expanded areal size, there is the fact tlat even if
city centers <an bv avoided there may still be a neceanity to conduct some
military operatiaonsg at the edge of 4 <ity in the very process of trying to get
around 1t. At the voiy least, certain outliera of urban development may sit ;
astride a projected route. The physical nature of these outlying urban areas Y
is quite varied ranging from agricultural villages to industrial complexes. A
knowledge of them :g esscntial to military planning.

i apaanin

Yet another concern for the peri) hwry of cities is the announced doctrine
of the Soviets (Homeslcy, 1977) that, in the event of conflict in northern
Furupe, they would attespt to take, hold, and fortify the edgas of cities to
prevont ..TO forces from penetrating into the hearts of cities to use then au
defensi bastions, Fvaluations of the edges of these cities could provide
vital bavkground informalion for the preparation of contingency plannirg.

In a similar vein, thore is a need to know what urban features would be
encountered in advancing into thc core of the city from the periphery. Spatial
patterns and building morpholojy -haracteristics need to be known, at least in
a theoretical way. in order to know wha' to anticipate in an actusl situation.

Finally, there is the comprehensive desirc to attain a synoptic view of
all of the environments which Ovvur in metropoiiva.. areas Lecause it cannot
be known what, if any, section of the city cun ' {gnured, all envirnnments
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nust be examined. And, not only must the characteristics of each eclemcnt of
the metropolitan area be known but the spatial relationships among them must
be known ag well,

5.6.1 Method

The concept of declinisig building ai.d land-use densities from tha center
of a city outward 18 universal. Required ia quantification of this concept
to provide a base for making replicative generalizations to be employed in
military planning. The accapted mothod for making these required measurements
is to aelincate fcatures of interest on maps and then to measure and analyze
these., This in turn involves determination of the gpatial pattarns encoun-
tered ard measurements of the morphological charactsristics of the urban fea-
tyres 1nvolved.

The following maps, diagrams, and tables (Figures 43 through 50 and
Tables 19 through 21) are examples of various types of measurements of urban
peripheral phenomena for sacveral spatial and morphological characteristics,
In the process, several moasurement and graphic techniquea are introduced.

The nature of the building tyjos and their quantities which are found
along a transect line from city odge to center 18 expressed in Figures 43, 44,
ard 45, Two views Of the city are shown., In the upper is a gore from a con-
centric ring =adel. The lower 13 a profile of Lullding height fram city edge
to city center. The height 18 an accordance with the scale on the left; the
width (1n both profile and gore) was determined by the amount of area of each
burlding type :n a ¢city. The distance outward from the cunter was obtained by
calvulating the mean daistance of all units of a type from the city center.

The e¢stablashing of meaningtul gencralizations on the patterns expressed
would require the construction of 10 of these modelr. Some characteristics
are, however, suggested in thogse presented. There are certain commonalities
in the models of Casalb:lanca and Bremen. Hoth have tall, "narrow” centers and
both have wide arcas of low, braick structurcs around the center. Both also
have a blip of tall structures about balfway out to the edge and both have
large areas of medium-height concrete structures at the periphery. Even though
those two cities occupy uite different environments, both are products of
Eurcopean concepts and planning; Casablanca's extensive growth in this century
is almos3t totally a product of French involvement at a time when Morocco was,
in fact, an integral part of the economy of France. both cities have large
areas of brick apartment buildingr lying just outside the center and both lave
areas of modern apartments of concrete construction located near the periphery.

These two cities are uite ditferent than the graphed data for San Francisco

which has, expectedly, a taller and more extensive commercial core. This core
actually is composed of two slightly separated centers, the latter listed as
steel (light clad} separated by an area of lower wooden and brick buildings.
The heignt of thc profile quickly drops off to one and two stories all the way
out to the edge. Some of these structures are concrete tilt-ups, located in
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Table 19.

Type of Area

Contiguously Built-Up
San Jose

Exclaves
Satellite Towns
Concentrated Urban
Sparse Sctt) ‘ments

Exclaves Total
Vacant lLand Among
Exclaves Lying between
Contiguous San Jose and

Line Connecting Exclaves

Total

San Jose's Urban Exclaves and vVacant Lands

L-'

108

Percent
of Total

1978

Average Total
Area (ha) Area (ha)

72 501

57 2,752

14 719

37 3,972

- 11,213

- 16. 564

8.3

67.7




Table 20. Pattern Analysis of
San Jose's Urban Exclaves
and Vacant Lands

1978
Average
Rumber of Total Average Pexrcent of Distance
Meas Jrements Exclaves  Area (ha) Area (ha) Total Area Cutward (m)*
EXCLAVES

Pirst Ring
of Excluves

Second Ring
of Exclaves

Third Ring
of Exclaves

Fourth Ring
of Exclaves
and Beyond

15 1769 11y 46,6 263
2% 487 19 12,8 1,720
23 754 3 19.8 3,104
36 790 22 20.8 3,752

*Average distance of all units in ring from Contiguously Built-up San Jose.

Average distance between nearest neighborg = 268 &
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Table 21. Spatial Characteristics of Contiguously
Built-Up Arca of Bremen and Its Environs

Type of Mean Area Total Area
Arca No. {ha) (ha)
Cont.iguously
Built-Up Area 1 -—— 5,182.5%
Exclaves N 8%.8 2,964.2

A. Mean distance of nearcst exclaves
from contiguously built-up Bremen . . . . . . . . » 615, 4 m

B. Maean distance betweon exclaves
{nearcst neighbors) . . . . v + ¢« ¢« ¢ 4 ¢ 4 o . .+ . 547.8 m

industrial parks, but moat are simply representative of the vast area of single-
family residential aprawl which occupies such a large amount of space in U.S.
cities. Such oxtensive caverage of the land is either precluded by a poor
economy in the case of Casablanca, or by administrative decree in Bremen. The
peripnery of U.S. cities is always ragged and has lower building densities

than is common in much of the rest of the world, although there are examples of
U.S.-type urban sprawl in latin Amarica.

There is considerable potential military application of models such as
these. The profile view is especially intoresting to planners of air opera-~
tions. They have a special need to know the height and location of tall build-
ings. Models help to develop generalizations about navigation hazards and
potential sites for enemy firing positions. The gore models could serve a use-
ful purpose for planners of both tactics and logistics.

5.6.2 Character of the Urban Periphery

The urban periphery is a dynamically and rapidly changing phenomenon
becaure of extremely rapid growtn which has occurred in cities throughout the
world gince World War 11. A good example is San Jose, Costa Rica (Figures 4o
and 47). During the period from 1945 to 1965, the urbanized area increased
by some 21 km. The rate increased rapidly during the next twelve-year period
(1965 to 1977) when the urbanized area added some 42 more lkm’. Much of this
growth was in the form of large planned urban units. Some were accretions to
the existing contiguously built-up area, but many were in the form of detached
urban exclaves lying from one to a few kilometers away.

Examination of the situation in 1978 (Figure 48) in San Jose, Costa Rica,
rceveals the nature of these outlying urban units. The satellite towns are
older, well-developed communities. These have well-established, high
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building-dcnsity coenters and ave but smaller versions of the old center of the
central city, High-density ("fully urban") develojments occur both at the edge
of theee old satellite centers and in isolated new developments. The term
fully urban is usyd to indicate that they have building densities fully as con-
centrated as those of the central city. Many are planned, residential tracts
with a full street network and have accompanying land uses such as shoppiny
centers and schools. The low-dunsity exclaves are those arcas vhere houscs
have been placed, in a string faghion, along roads, While often facing one
another across roads, the "urbanization™ is only one house deep.

A fact of xey military importance is the large numler of exclaves (see
Table 19). The presence of 106 exclaves for such a relatively small city is
important 1f 1t 18 considercd that these exclaves could, if fortified, form
a formidible bartiler to a force atiempting to advance from the countryside
to the ¢ty center, Also, they are large cnough {(at a 37 ha average) to form
a considerable impediment. This is esprcially true when it is realized that
they occupy positions along major access roads in and out of the city.

The line connectitg the outermost of these exclaves contains a conaldera-
ble amount of open arca lying amcng the exclaves. This gpace has, potentially,
both advantages and disadvantages. 1t is open area and thus allows more room
for military hardware and troops to operate. But, it also represente open
fields-of-fire for the Jdefenders located in the exclaves, 1In a sense, the
exclaves could perhaps be thought of, in the terminology of traditional forti-
fications, as "redoubts.®™ The open space in botween might be thought of as a
seriecs of "moats,” or more provecatively, as arcas of “no-man's-land.”

The notion of exclaves and open space as "redoubts” and "moats”™ is ampli-
fied I1n Figure 43, 1In this map, the same data from the previous map were
employed, but in this case an attempt was made to sre if successive rings of
urban exclaves coull be idoentified. Lines were drawn to connect them and
moasuremants were made (Table 20). As might be expected, the average size of
the innermost exclaves was larger than those farther out. These unita are
older and thus more completely developed. ¥Exclaves in the second, third, and
fourth rings were more nearly the same in size, reflocting their character as
housing developments and the like.

A figure of somec significance 13 the 268-m average distance separating
all exclaves. This sugqests that, on the average, virtually all of the open
space among exclaves 1s within range of even small arms fire.

A final characteristic demonstrated on the map is the shape and site of
the rings of open space. While this is & contrivance from reality because of
the presence of other open space between Uw exclaves, it does serve to show
aomething of the nature of the fields-of-fire to be anticipated. The local
variation on urban growth has caused there to be very narrow bands on the
southern and eastern sides of the city (those parts developed first) as opposed
to the wide bands to the west side where large new urban exclaves are currently
under developwent. The delineation of spatial data of this sort for a wide
varjety of cities would result in the identification of regicnal types. They
could then serve a supportive role to military planning.
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Comparison with one other city, Bremen, {Figure 50) illustrates *he strong
cuatrasts possible between citiea of one culture and another. European city
planners have buen much more restrictive, generally, than their counterparts in

. the U.S. and latir America, Agricultural land in Europe has been held to be
inviolate and is not considered as a commodity fram which a quick (and final)
profit can be made.

Examination of the rapped patterns for Bremen, (Figure 50) and San Jose,
Costa Rica, (Figure 48) demonstrates the point. Urban development in the rural
hinterland of San Jose has occurred so rapidly and to such a high degree that
the total area of exclaves (3,972 ha}) is nearly threc times that of the con-
tiguously built-up area {(Table 19). For Bremen (Table 21), by cont:ast, the
contiguuusly built-up area (5,183 ha) is far larger than the exclaves (2,954
ha). Not only is the cxclave area large i1n total but the average gize for
Bremen, at £9 ha, is larqger than San Jose's 37 ha average. Mean distance of
exclaves from the contiguously built-un areas and mean distance between exclaves
{ncarest neighborg) i{s fairly close,

- emp—

The military implicatinne are clear. Cities with a looser control of
perapheral growth, such as San Jose, provide i1ar more potential impediments to
ingress than would bLe true for cities of the Bremen type. Thers are more
"redoubts™ and more open fields-of-fire controlled by these. On the other
hand, the more solid phalanx prescnted by the outer boundary of urbanization by
a Bromern-type city could be addressed Ly a variety of weapons systems including
arwor, artillery, and aircraft all operataing from within the open countryside.
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6.0 CONCLUSTONS

4 The conclusions reached result from: (1) intensive study during the con- v
tract period, (2) preparing and deliverina reports of findings to NSWC, (3) meet-~
ings of the Military Operations Rescarch Society, and (4) conferring formally

\ and informally with colleagues in the MOBA community. Much of the study has

been exploratory and accordingly, some of the conclusions are tentative. Most,
however, arc positive. Other tentative conclusions, for subjects as yet not
fully explored, are given with certain caveats.

Conclusions are arranged in accordance with the chapter outline of the
atudy; ecach section is pre.eded by comprehensive conclusions. Subheads indi-
cate the arvas. Application of thesge <onclusions has led to the formulation of
a scerics of recommendations which appear in the following chapter.

6.1 COMPREHENSIVE CONCLUSIONS

The most general finding and conclusion is that the study items specified
in the contract are of vital importance to MOBA intereste. These items address
hey questions concerning the urban environment &s a potential locale for mili-
tary operations,

Most important i1s the overall consideration that urban buildings should not
be treated out of context. while tle study docs examine the physical character-
istics of buildings in detail and prescnts these in proper analytical format, a
greater gain is achicved by relating all buildings to their immediate environ- E
ment. Thus, the dimenaions of strrets or squares on which building are located
need to be known in order for military planners to presacribe appropriste weapons
and tactics.

The conclumion is reached that the organization ef the study serves, as
well as posafble at thie time, to meet these necdr. The architectural details
in Chapter 3.0 provide nccessary information on the relationship of building
atyle 10 such characteristics as venting and interior arrangements. The data
offered on walls and partitions in Chapter 4.0 are required as backqround for
weapons design snd testing and for tactics development. The findings in Chap- "
ter 5.0 on spatial patterns provide a base for what could be extremely impor- 9
tant work in the next phase of MOBA considerationsa, ;

The second s jor comprehenrsive conclusion 18 that more emphasis should be
] placed on obsurved and moasured universality among citiea of the world than on
. local differences. Although certain local distinctiveness in architectural E
form occurs due to the use of regional building materiels, construction tech- -
i niques, customs and traditions, these are but local variants of more general

i . building design parameters. The greatest variation ie seen in construction of

! detached housing, an enterprise which closely relates to local customs and modes
of living.
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First, among the conditions which support the notion of univarsality, is
the need for all buildings simply to stand and to resist vertical and horizontal
stresses successfully as well as providing protection from the elemsnts. In
addition, a very high proportion of all buildings in citive of ths developing .
world have either been built by European or American firms or their design and
construction have followed standards set by developed nations,

A second universal parameter is that buildings are constructed to serve
but a relatively few types of functions and that design and constructional
types are in accord with the intended function wherever tuildings are ezected.
Examples are: high-rise office structurea all of which conform to certain
standards in their provision of interior space for office functions; hotels
everywhere are concarned with providing uniform size quest room space; and
warehouses serve storage functions.

In addition to the functions of individual buildings, functional zones
within cities demonstrate nearly the same characteristics everywhere. Ths
binding principles of such things as access to rail transportation for hand-
ling induutrial and storage functions and the requisite ajglomeration econo-
mies which obtain for retail establislments in central busineas districte are
also everywhere applicable. As one example, space devoted to the public sector
in the form of streets is invariably small in downtown areas where land valuas
are the highest found anywhere in the city.

A third universai parameter ig tl. desire and need to be cost-effective
in building. Thir a8 obvious, considering that provision of space is but one
of the costs of doing businesa. For modern construction particularly, struc-
turel engineers have identified minimum safe levels of strength required to
serve particular needs and they generally 4o not prescribe using material and
methods which axceed these leovels.

The third comprehensive conclusion is gimply that in the course of con-
ducting this study soveral gaps in knowledge of the city surfeced. If military
plarning is to be conducted which will allow for all the possible manifestations
of urban fiqhting, numrrous aspects of cities must be examined in detail. Con-
clusions must then be drawn from these and placed into a program comprising
such important military considerations as weapons design and testing, tactics
and doctrine development, and logigtics and cremunications planning.

6.2 CONCLUSIONS ON ARCHITECTURAL CHARACTERISTICS

Several conclusions were reached. Some emcrge from the mesasurements made;
others concern methodology and approach to the subject.

The mout comprehensive counclusion is that the distinction bestwoen framed
and frameloss buildings offered in the first report, Urban Building Character-

istica, is sound and has several advantages. First, it has the valuable
quality of establishing in words the significant distinction (for amilitary
purposas} which existis batween the thick, load-bearing walls of the framaless




structures as opposed to the implicitly thin walle of the framed structures.
Considering the current importance attached to the necessity of hreaching walls,
this distinction is highly valuable. Secord, the considerable number of fiald
observations made in several countries by the author in and since the last
study confirms that the classification system works with real-world cases.
Further, the system has the desired attributes of being simple and direct.
These arc absolutely essential when in the field with all of its inherent Jis-
tractions of traffic, street activity, and signs. In practice in the field,
the basis of the system--frameless or framed--is applied as a first test. The
clues developed in the earlier work are then applied in a verificstion proce-
dure. Once the basic distinction has been mu.de, other cluas are entered into
the classification procedure to place a given building more discretely.

The second major conclusicn states that there exists everywhere a binding
relationship between a building's morphology (structure) and its function.
Dismissing the conversion of older structuies to some function other than that
for which they were intended, buildinga everywhere were designed to serve a
particular function and selection of the most appropriate form of construction
for that function was involved in all cases. Thus, wall and slab (box-wall
principle) structures are used for human habitation such as hotels and apart-
ments, concrete-framed buildings are used for offices, stores, etc., and tilte-
ups are used for storage and light industry. Some variations do occur, depend-
ing on local costs and available techrology. For instance, concrote framing
is used for the construction of warchouses in countries where labor is low cost
and tilt-yp techniques are not available.

The relationship between morphology and function also manifests itself in
several particulars concerning buildings. For one - -ample, the form of wventing
on the one hand reflects what is possible with a certain style of construction
and on the other on the needs of the intended function. Arrangement of build-
ing intcriors is another exazple. The setting alsc shows a relationship.
Bulldings for light industry are ususlly set apart from one another in order
to provide needed space for outside storage of raw materizls and finished
products.

Another conclusion related to function is tne universal occurrance of
broad venting at strect level for buildings facing commercial streets. This
comprises most of the streets in a downtown area plus outlying business arte-
rials. An awarcness of this phenomenon has a potentially very significant
impact on planning for such possibilities as the use of shoulder-carried
assault weapons. TFor a large part of the downtown area, at street level, there
ie little requirepent for wall breaching.

Yet another conclusion on the relationship between morphology and function
is the accord noted which exists between building exteriors and interiors. By
"reading® the character of the exterfior, it is possible to predict with a high
degree of probabllity the nature of the interior. This "reading” requires
placing into proper context observed information on both structures and func-
tion. 1n looking at a hotel, for instance, after having identified its struc-
ture as being (in this case) a heavy-cladded steel/concrete-framed structure
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and observing the pattern of the windows and determining that there is one per
quest room, it is but a matter of reason to infer the arrangement of these
rooms and the articulating hallways.

Of further import is ths fact that building interior designs are made in
accordance with certain standards prescribed by building designers. Reference
books, compiled for the use of these designers, specify such critical facts as
the numbar of square feet desired for all possible room functions. Guest rooms
in hotels, offices designed to accommodate x number of workers, and required
space to conduct busineses and industrial functions ars but a few examples.
Further, there is very little deviation from these standards anywhere in the
modern world.

Another conclusion concerns the incidence and importance of buildings fac-
ing street intersections., 1In numercus observed casea, buildings at styxe : cor-
ners have angled facades, that is, at 45-degree angles. Tha architectu-:’ goal
here is to break the harsh appearance of squared corners, to enhance building
style in an otherwise lacklustar setting, to provide more light for large
corner rooms, and to provide a ground-floor entrance which is more attractive
to potential customers than an ordinary cormer. The greater field of view
possible from such corner positions overlooking the intersection is potentially
of key importance in planning for military tactics.

The conclusion states further that such corner situations are found both
in framsless and in framed buildings. Origins are related, however, to masonry
structures which incorporated structural strength with design, as is discussed
in the main body of the text.

6.3 CORCLUSIONS OM WALLS AND PARTITIONS

Conclusions about such physical things as walls and partitions are derived
from evaluation of measurements of their dimensions. Taken from published
sources in part and from field observation in part, the body of data is well
defined.

A primary conclusion is that, for the materials identified in the early
report, a definite order existe. Brick walls, for instance, are constructed
in virtually the same mznner everywhere with the only variables being the
dimensions of the bricks employed and the form of bonding used. Adherence
must still be given to standards of thickness to maintain structural integrity.
The rule is followed everywvhere that such masa-constructed walls sust be
thicker at the kase than in upper floors and that progressive rates of thicke:-
ing are followed with increasing building height.

Universals also obtain for cladding of frased buildings, both heavy and
light. Even though such cladding ia not weight-bearing, it still must provide
a certain stiffening (for the heavy-cladded steol-framod buildings) and must
adequately protect against the weather. Accordingly, their composition and
thicknesses follow cartain prescribed levels. A subconclusion, and a somewhat
tentative one, is that an increasing number of the newest concrete-framed
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buildings have had a fairly heavy cladding applied to them. The reasons are
partly for style and partly to make these buildings more energy efficiant
whether that be for retarding heat loss or gain,

Another major conclusion is that knowledge of the city has now reached a
point where it is possible to determine the extent ot wall breaching which
might be necessary in MOBA activity. The proportion of walls to windows is
recorded in the text for a wide veriety of buildings. Interaction with the
known locations of these buildings (from the previous study) can produce the
kind of information needed by tactics planners to estimate just how much breach-
ing might be necessary in an actual combat situation. The tentative offering
18 that not as much breaching is required as had been previously thought. This
18 80 in part because of the high proportion of glaring in the downtown areas.
In addition those mass congtruction huildings, such ¢+ concrete-walled factory
and warehcuse buildings in outlying sectiuns of the city are generally found in
settings which are open encugh to permit the use ot some other weapon such as
artillery, armor, or air support.

The greatest requirement for well breaching might well come in areas just
outward from the commercial districts of citics i such areas as apartment
buildings, with “heir small proportion of glazing, or in certain warehouse and
light industrial functions located at the edge of the central business district.
Yet another need is where windowless sidewalls of buildings have been exposed
after neighboring buildings have been rared. ¢r, there i3 a potential need for
breaching through sidewalls in going from one building to ansther.

Concerning building interiors, there is the conclusion that partitions, as
13 the case with exterior walls, demonstvrate an order in dimensaiona and in the
nature of wmaterials used, These are universal in response to the need to accom—
plish the task of enclosing interior space in the most cost-cffective way. All
are reasonably light in construction and casily peretrated,

6.4 CONCLUSIONS ON SPATIAL PATTERNS

Conclusions here retlect the concern of the chapter for examining and mea-
suring the spatial patterns of urban features. Represented here are conclu-
sions, or generalizations, derived from looking at the configuration of the
city in new ways, Conventional studies offer little guidance.

The basic conclusion is that there arc identifiable and measurable spatial
patterns within the ci~y and that they display an observed order. Mecasurad
factors include such obvious things as atreet widths and the not so obvious
networks of open spaceg and the peculiarities of lines-of-sight and angles of
obliquity, Militarily useful generalirations resul! when these mecasurements
are aggregated and analyzed.

The more specific conclusion concerning line-of-sight is that a definable
and replicative order exists for each functional-cummorphological type of
area. Thus, average lines-of-sight are generaily uniform for such functional/
morphological areas as central business districts, wholesale/light-industry
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areas, and various types of residences. It is of special value to note that
little variation is seen among citics everywhere, especially within a single
cultural/economic region, e.g,, the Middle East.

A relatod conclusion is that there is a high degree of order connected with
the pwnomenon of open space within the city. Regardless of the region of the
world, open spaces occupy about the same proportion of total space for all cit-
ieg, are about the same size, and occur with about the same spatial frequency.
The obvious inference to be taken here is that these open spaces have a pattern
which may be relied upon as a constant in military planning. Their potential
as staging areas and suitability for air operations is high. They also come
into play in consideration of fields-of-fire.

Continuing the theme of line-of-sight analysig, evaluation of measurements
made in the study confirms that an order exists for both along-the-street and
across-the-strect line-of-sight distances. Street widths and patterns of
street configurations are related to functional and morphological zones within
the city. They achieve this universal order because of the nearly similar
response everywhere to such stimuli as tl.e desire to obtain maxismm utility of
surface space. For example, street widths in downtown areas are as nNarrow &s
possible t¢ save high-value space for buildings. Street configurations are the
product of planning {or the lack of it) at various periods in history. <Curving
streets rusult in one instance from a haphazard medieval development and from
another in a modern suburb planned with aesthrtics and traffic control primarily
in mind.

A special finding comes forth from the rtudy concerning the potentizl ytil-
ity of a shoulder-carried assault weapon in concentrated sections of the city.
In a hypothetical case, where strect widths are narrower than the ainimum arming
distance and where o limit or anglce of obliquity is established, it emerges that
thesre are some sections of some cities where such a weapon could not be used.
Not, at least, without making certain modifications such as firing at a target
across the street from an enclosed room or from a rooftop location.

Another broad area of conclusions concerns the vast area of the peripheries
of cities, A general conclusicn {s that the pattern of outlying developnents,
outside the contiguous mass of the city, varies regionally. Countries which
exercise little control over urban develeopment in the countryside (including
the U.S.) have numerous isoiated urban exclaves lying just beyond the main body
of the city. Other countries, with a standing tradition of not violating foeod-
producing adjacent agricultural land, have restrained such Jevelopmenta.
Germany, the study example, has allowed only controlled developments and these
are primarily accretions to the already built-up area. Some outlying conversion
of land use from rural to urban does occur, however, and thuse often resuit in
the tying of existing rural villages to the main body of the city by string
development along rcads. And, in some instances, in response to a high demand
for single-family housing, housing tracts have been allnwed to be built in the
countryside.

A tentative conclusion is that a knowledge of these peripheral patternt
could serve useful military purposes. Avenues of approach to a city sust
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consider tho existence of outlying urban exclaves., These exclaves could well
gorve as "redoubts” in a defensive posture. By definition, they often sit
astride major avenues of traffic and communication. Between these islands of
urbanization are open areas which must bu crossed in moving on a city. That
such open areas may be hazardous needs to be considered.

A further tentative conclusion concerning these urban exclaves is that
they exhibit some sense of replicative order, at least within regions, Further
study is required for confirmation.




7.0 RECOMMENDATIONS

The recommendations offered here are a natural outgrowth of the conclusions
which, in turn, were based upon an evaluation of all of the data presented in
the study. The recommendations are placed in the three groups of (1) full
consideration of all aspects of the urban environment, (2) weapons development
and testing, and (3) tactics planning and design.

7.1 FULL CONSIDERATION OF THE URBAN ENVIRONMENT

Responding to the original stated need to learn more about the nature of
walls in order to know what was required to breach them, this study and the
previous one produced information on wall composition and dimensions. In mak-
ing the required investigation, however, it was discovered that large areas of
walls as potential targets do not occur everywhere in the city. Accordingly,
it was concluded that they may not present the degree of problem that was origi-
nally envisioned.

This is not to state, however, that wall breaching would not be required
in a MOBA operation. Rather, the specific recommendation is offered that there
is a need to be able to estimate just how much breaching could be necessary and
where within the metropolitan area this would occur. We already know the gen-
eral locales. In downtown sreas these would be in instances where solid walls
have been exposed or where it might be desirable to penetrste the sidewall of
one building from within another building. In areas outside thw downtown,
larger, unvented wall surfaces are associated with nonbusiness functions, such
as apartments and warchouses. Thus, there is a need to manipulate data thus
far gathered and add enough extra data to be able to plot on maps of test cities
the areas where the highest probability of wall breaching would be necessary.
This information would bn oxtremely valuable to MOBA plannint in general and in
particular to weapons design, tactics planning, and logistics planning.

A subdivision of this recommendation is the suggestion that the nature of
the setting of buildings should be examined relative to the difficulty of
breaching their walls. That is, for each type of construction there proves to
he a recognizable spatial pattern. For axample, many modern high-rise build-
ings are free-standing, not abutted to their neighbors as was comaon earlier.
Brick buildings, by contrast, are usually on fairly narrow streets and touch
each other as they face the street. Close examination of these situations
could produca spatial data (in map and tabular form) which would aid military
planners in handling problems of minimumm arming distance, warhead capability,
and angle of obliquity.

Another recommendation is that full consideration should be given to the
remarkably replicative patterns associated with open spaces. Their number, pro-
portion of space occupied, size, and placement are 3o nearly uniform that some
practical use of this phenomenon can surely be made.
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it is further recommended that the information provided in the report on
line-of-sight distances, both along and across streets, be fully implemented
in the planning process. The two figures might be used in tandem in the crea-
tion of an index of difficulty of operations. Application of the method devel-
oped to more cities in general and to key cities in particular could well be a
wigse investment.

The findings obtained from examining test cases of urban peripheries should
also be placed into the military planning process. 1In particular, the concept
of urban exclaves serving as potential fortified “redoubts”™ could have merit and
should be pursued for more ~ases. Rolated is the problem of the intervening
open spaces which would have to be crossed in advancing upon a city. The degree
of hazard, or opportunity, these might present, deserves investigation. Such
data as the distances across these open areas could be placed into a military
use context to address problems of range, armor movement, potential alr opera-
tions, and cover for infantry. Of particular value would be examination of
enough additional cities, representing various regions of the world, which
would lead to the development of regional types. Such information could be
especially useful to USMC gleobal planning.

In a similar vein, another recommendation would bs the use of the gores
and profiles of modeled situations in the study as an aid in planning for
ingress and egress. Potential ussrs of this information are both ground forces
and alr-support forces. The generalized format of the data would serve well
for maater planning and for generalited training and doctrine development.

A final recommendation on the spatial character of the city concerns the
examination and consideration of the phenomenon, revealed in the study, of the
shape of buildings at street intersections. While only a minor variation archi-
tecturally, awareness of this situation could be very important to sovement of
perscnnel wnd vehicles along clity streets. While the nature of the phencmenon
has been identified here, there is a clear call for making absulute observations
in the field in key areas and producing charts which would reveal the cones of
vision and fire. Purthor analysis would lead to the flagging of areas of areat-
est hazard or possibility for both offense and defensec.

2.2 WEAPONS DEVELOPMENT AND TESTING

Evaluation of the data in the report leads tc the following recosmenda-
tions concerning such aspecta of weapons as minimum arming distance, angles of
obliquity, filring positions, warheads, sights, and right-hand wversus left-hand
usability.*

The general recosmendation, as seen clearly from the study, is that wea-
pons sh~uld be tested in as realistic a similation of real-world urban sjitua-
tions as possible. This recommsndation is broken down into the two subdjviszions

*Capt. Adolph Carlson, USA, from the Inf-nt.ry School, Fort knning. has studied
this prob.em in detail.
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of (1) testing againnt all types of targets, and (2) in all types of environmen-
tal situations.

Looking first at targets, it is rocommended that the following test activi-
ties be conducted, Firust, all the types of wallas described and measured in the
study should be made into simulated targets, and test firings against them shouid
be conducted. This recommendation is broadened to include a variety of whapons
in addition to the shoulder-carried assault wespon. The result of such testing
would be to match the tool to the task; the weapon to the wall material. Tmas,
test firings should be made against the various thicknesses of mass walls and
the various types of cladkiing for framed buildings. For the former, thick stone
walls might either be ignored--because of their rarity--or simply relegated to
heavy weapons. Brick wall targets, though, should be constructed in thicknesses
ranging from the "three-brick® wall (3 headers) to a “"five-brick™ wall. Respec-
tive thicknesses are 10 to S0 cm. Considering further that most bricks outeide
the U.s. have a larger unit size, the recommendation is that targets be con-
structed with "four-brick” walls having a total width (including mortar) of
approximately 45 cm, While consatructing such target walls is expensive, these
widths are common for the great number of multistory brick structures which are
found so widely virtually everywhere in the world. The thinner walls (the
30-cm variety) also necd to be tested as they would come into play in the vast
brick structure residential arecas of the world's cities.

Concrcte walls are also important. They occur in reinforced mass construc-
tion forms of scveral types of buildings and are universal in their occurrence.
The thicker, more heavily reinforced ones are found in mass-construction (load-
bearing) bujidings. Here. thicknesses reach 25 cm. Lighter oneg, in the wall
and slab structures and the tilt-ups, are as narrow as 15 om.

Reinforcemunt bar thickness and density vary widely and are prescribed in
response to anticipated building loads. Conservative testing, however, would
suggest that bar thickness be as large as number 5 (5/8ths of an inch} and that
densities be at least 10 in. centers. A single mat, placed in the center of
the wall, is considered tc be sufficient for walls up to 20 cm thick but for
those beyond there should bé a double mat, each place? just beneath the outer
and inner surfaces,

A major concern uncovered in the course of the study, huwever, is the
recognition of the potential difficulty posed by the various forms of cladding
on framed atructures. Pirst, in keeping with the larqge proportion these struc-
tures form of all bhuildings, any problems posed by these walls is common and
universal. Second, the strength (resistance to penetration) of these walls
could be greater than had been previously realized. For example, the variety
of naterials employed in the making of heavy cladding walls of the early steel/
concrete-framed buildings could present a problem. 1t is recommended that
walls of this sort be constructed and fired against to determine just what
effect the combination of bricks, insulation, hollow tile, «nd interior finish
woterial have on various projectiles. A further concern is the thicker than
anticipated aggrogate concrete cladding being placed on many of the naw concrete-
framed buildings. Although not load-besaring, they are nonetheless as thick as
20 cm, not counting layers of insulation and inside surfacing materials.
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Furthermore, since many of them aire placed at angles other than parallel with

the street (for decorative purposes and sun shading), thay pressnt unusual angloes

of attack when viewed from street levela. Simulation testing could be valuable

to determine such characteristics as deflection. .

Consideration in a testing procedure should also be given even to the lightest
of the light cladding materials. It would be interesting to know the offects
of thin materials (glass, plastic, insulation, metal) placed together, as they
often are, in composit combinations. What tools are required to penetrate them,

what happens toc the projectile, and what damage ensues are questions which could N
be answered.

Another recommendation involves building venting and its relationship to ‘e
woapon testing. (Reference should be made to tables in the text which provide i
the proportions of the exturior walls of various types of buildings which are 3
vented.) First, awarenuss of the amount of nonvented wall (and nct part of the :
frame for framed buildings) is uscful in knowing the amount of wall surface to
consider as a targ:t. Second, since these proportions vary with function as .
well as structure, the application of functional zone models to cities can serve S
to flag in advance locations within cities of potential wall targets. i

Another value ¢f data on windos venting relates to weapon sighting. °The
absolute and rclative sizes of windows and related angles of obliquity have a
bearing on the ability to hit them, presuming they could be targets.

It is thus recommended that a variety of window and door types be set up o
for test firing purposes. IXdeally, windows should be placed both at ground-floor

level and for one or two upper floors as well in order to evaluate best the prob-
lem of the vertical aspect of sighting.

A related snggestion is the possibility of building multistory test buildings
in which the floor/ceiling of a floor above is vigible through a window on the
floor below. Test firing could then be conducted through the window with the
intent of hitting the ceiling (floor of the story above). Composition and
dimensions of these floor/ceilings are known and could he used in the design of
such a target.

A type of target which has received little attention thus far in MOBA con-
siderations is the interior partition. By definition, of course, these are
casily penetrated; the torm wall breaching hardly seems appropriate. Yet, if
troops were to be engaged inside buildinga, the need for moving from one room
to anothear could very well require going through these walls. Again, materials
and dimensions are provided in this study and could he used to construct tar-

gets. It would seem valuable to astabiish the most cost-beneficial means to
accomplish the task. /s

Ve
The second major area cf’concern falling under the heading of weapons -
testing is that of giving full consideraticn to the nature of the environment !
in which particular typzs of targets are found in real-world situations. For
example, firing at brick buildings should bes conducted in the kind of environ- .
ment in which they are most commonly found. For instance, these buildings are '
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commonly located along narrow streets. This being the case, there is a call for
firing head-on from distances of not more than 25 m. In addition, high angles

of obliquity are the rule and firings should be made which test these. Similarly,
all building types have associated environments suggesting a variety «f firing
Jdistances and angles,

-

A recommended gencral technigue to approach the problem would be to conduct
a controlled test covering the whole range of relationships between minimum
arming distances and angles of cobliquity against all types of targets, The
findings could then be matched to probable occurrences of all poasible situations
i1 reality.

In a similar vein, ranges and accuracy should be tested invoking along-street
horizontal lines-of-sight; the parameters again being derived from real situations.
A possible result may be that characteristics of warheads and propellarnts could
be matched to different types of situations.

Another arca cf common concern in MOBA, that of firing from within rooms,
should be addressed in accordance with data supplied. As has been demonstrated,
ir the narrowest of city street sityations, therc are inatances when a shoulder-
carried assault wcapon might not be able to be used at all from the street. An
approach to the problem would be to invoke the cones of possible fire (examples
of which are demonstrated in this study) into a model which would determine the iy
number Of possible firing pusitions possible for a given aituation. These findings
could then Le rolated to known average room sizes to determine if within-the-room
firing was possible.

7.3 TACTICS PLANNING AND DESIGN 2

Many of the characteristics of the city brought forth irn thia study have
broader potential application than just the design and use of a single weapon.
Many of these characteristics are spatial in naturc and can be related to the
general field of tactics in which all manners of tasks and solutions are involved.
A number of recommendations can be extracted from the nature of cities as inferred
by evaluation of the data.

RSN e AR

~ gencral recommendation is that the models of city characteristics should
pe employed in devising means for either advancing upon a city or defending it.
A knowledge of such broad characteristics as the existence of ringa of brick
buildings surrounding the core could be employed in such planning. The network
of open spaces is another.

Several specific recommendations are offered as well. One concerns the
employment. of data on the configurations and dimensions of building interiors
demonstrated in the study. These plans, considered relative to their incidence

- of occurrence, could be used in theoretical planning and for the conctruction
of table-top models and training centers. Simulations of buildings actually
found in cities would seem desirable to achieve maximm reality in training.
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A by-product of the above could ke the development of means to move laterally
from within one building to another. The customary featyres from reality, such
as firs walls and doors, couid be simulated.

Another recommendation stemming from cbservation and from data in the study
is the consideratior. of the effect of light cladding on both defenaive and offen-
sive situations. The large amount of this material and its probable capability
to withatand light fire suggests that it could possibly be & significant factor
in MOBA situations. Composites reflecting architectural and structural forms
currently in use could be simulate! for training purposes. A rclated question
is the amount of rubble which such material could create. Its use i+ a defensive
posture should be ovaluated. :

A final tactics rocommendation concerns the avenues of approach to the city.
Full consideration should be taken of the understanding gained thus far of the
nature of urban developments at the city'a periphery. The occurronce of urban
exclaves devoted to such features as housing tracts, industrial parks, and air-
ports can be quantified and placed into a tactics planning context. Camputer
simulation would allow for testing a wide variety of tactics and material.
Table-top mndels would serve a training purpose.

From these data the degree of difficulty presented by a fortified city to
an advancing army could be evaluated. It is wholly possible that radically
new tactics could result from analysis of these models. Tha core of the city,
for instance, might prove to be more vulnerable than the periphery.

The final general recommendation is simply that studies of urhan charac-
teristics relative to military considerations are only preliminary and should
be continued and should be expanded both in number of cities studied and in
types of phonomena examined. They should also be rade more intensive. Given
enough of these studies with enough moasurements, there would be scope for making
the kinds of gencralizations which could be utilized with maximum erfectiveness
in contingency military planning.
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