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ABSTRACT / Landslides are a significant and expensive
hazard in urban areas, however, a universal methodology for

classifying the damage to buildings has not been adopted
This article proposes an intensity scale for structural damage
caused by subsidence, compression, or extension of the
ground during landslides and offers a checklist of site obser-
vations that could be made by planners, engineers, archi-
tects, surveyors, geologists, or gemorphologists.

Introduction

Ground failure by landsliding is recognized as one
of the most significant geological hazards affecting
urban areas. In 1976 the annual cost of landslide
damage to buildings and their sites in the USA was
variously estimated as $400 million (Krohn and
Slosson 1976) and $500 miilion (Schuster 1978), while
the cost of damage to private property alone repre-
sented 30—-50% of total damage costs attributable to
mass movement (U.S. Geological Survey 1982).

Urban areas are occasionally zones of particular
vulnerability to landslide damage: mass movements in
the largely built-up areas of Allegheny County (Penn-
sylvania), Hamilton County (Ohio), and the San Fran-
cisco Bay region (California) cost, respectively, $4 mil-
lion, $5.2 million, and $5.9 million each year from
1969 to 1978 (Fleming and Taylor 1980). In Orange
County, California, 40 major bedrock landslides
caused more than $40 million of damage to urban
property (Gray 1984). Similar examples in other coun-
tries have been documented by Zaruba and Mencl
(1982), while in the Marche Region of Italy, where the
intensity scale described below was developed, 122 of
246 urban centers have been damaged by mass move-
ments, including the regional capital city, Ancona,
which suffered a $740 million landslide in December
1982 (Alexander 1983a).

The frequency and significance of urban landslides
indicate that it would be helpful to have a standard for
recording and classifying the damage, which could be
used by scientific researchers and by engineers and
surveyors acting for municipal authorities. In major
urban landslides, damage is not necessarily localized or
restricted to a few buildings; therefore it would also be
useful to have a scale for comparison between levels of
damage in different local areas. The author proposes
the following scale and damage survey checklist not to
produce a definitive classification scheme but to stimu-
late further improvements in methodology, such as
those applied to earthquake intensity scales since their
inception in the late 1700s.
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Scope and Limitations

Among natural hazards earthquakes were the first
to have their effects classified by a descriptive grada-
tion of intensity. The foundations of modern scales
were laid by De Rossi in 1879, Forel in 1883, and Mer-
calli in 1902 (Bolt and others 1977). Similar scales have
recently been determined to classify the effects of tor-
nadoes (Fujita 1973), hurricanes (Weatherwise 1974),
and tsunamis (Soloviev 1978), although flood and vol-
canic eruption damages cannot be classified simply.
Taxonomy has, however, been applied to the mor-
phology, dimensions, and substance of landslides
(Skempton and Hutchinson 1969, Crozier 1978,
Varnes 1978), and methods have been devised for
making standardized inventories of widely distributed
slides (Carrara and Merenda 1976). The damaging ef-
fects of mass movement do not appear to have been
classified in any formal way (cf. Sieberg 1932). In fact,
attention has been directed towards planning to avoid
urban landslide disasters rather than assessing their
impact (Leighton 1976).

A landslide damage intensity scale is probably not
feasible with respect to rural areas, where the signs of
damage may be sparse, and where the classification
depends too much on slope form, lithology, and the
nature of the vegetation cover, which are controlling
variables rather than effects. The scale proposed here
refers to landslide damage by subsidence, translational
or rotational movements, or slow thrusts, rather than
by the impact of avalanching debris, which is also an
occasional hazard to urban areas (Alexander 1983b).

It should be noted that, although the scale and
checklist refer to the possibility of repairing damaged
buildings, reconstruction will depend first on being
able to halt, drain, and stabilize the landslide, and sec-
ondly on using an appropriate level of technology and
expenditure on the repairs.

Intensity Scale

The following scale has been developed from
fieldwork at the site of the 1982 Ancona landslide,
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Figure 1. Landslide damage of grades
5, 6, and 7 in italy: A. Hospital in rein-
forced concrete, Ancona (grade 5). B.
Houses in rubble masonry, Tricarico,
Matera (grade 6). C. Total destruction of
the urban environment, Craco, Matera
(grade 7).

central Italy, which involved 3.41 km? of land and
about 475 buildings (Alexander 1984), and by
adapting post-earthquake building inspection forms
used in Italy (Lagorio and Mader 1981, GNDT 1934).
Figure 1 shows three examples of landslide damage,
which can be related to the severer parts of the scale.

Grade Damage Level

0 None
1. Negligible

Explanation

Building is intact.

Hairline cracks in wall or
structural members; no dis-
tortion of structure or de-



2.

4.

5.

Light

Moderate

Serious

Very Serious

tachment of external archi-
tectural details.

Building continues to be ha-
bitable; repair not urgent.
Settlement of foundations,
distortion of structure and
inclination of walls are not
sufficient to compromise
overall stability.

Walls out of perpendicular
by 1 to 2 degrees, or sub-
stantial cracking has oc-
curred to structural mem-
bers, or foundations have
settled during differential
subsidence of at least 15 cm;
building requires evacuation
and rapid attention to en-
sure its continued life.

Walls out of perpendicular
by several degrees; open
cracks in walls; fracture of
structural members; frag-
mentation of masonry; dif-
ferential settlement of at
least 25 c¢m compromises
foundations; floors inclined
by up to 1 to 2 degrees, or
ruined by soil heave; in-
ternal partition walls  will
need to be replaced; door
and window frames too dis-
torted to use; occupants
must be evacuated and
major repairs carried out.

Walls out of plumb by 5-6
degrees; structure grossly
distorted and differential
settlement will have seri-
ously cracked floors and
walls or caused major rota-
tion or slewing of the
building (wooden buildings
may have detached com-
pletely from their founda-
tions). Partition walls and
brick infill walls will have at
least partly collapsed; occu-
pants will need to be re-
housed on a long-term basis,
and rehabilitation of the

Partial Collapse

Total Collapse
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building will probably not be
feasible.

Requires immediate evacua-
ton of the occupants and
cordoning of the site to pre-
vent accidents with falling
masonry.

Requires clearance of the
site.

Checklist

The possible motives

for surveying landslide

damage are administrative (to issue post-disaster evac-
uation orders), planning (to estimate the need for re-
construction and repair), scientific {to assess the extent
of the phenomenon), and engineering (as groundwork
for reconstruction plans). Items from the following
checklist would need to be used selectively in order to
derive information suited to any one of these specific
purposes.

A

L.

[N

The Building—Administrative

Address; ownership and occupier details; tem-
porary evacuation details (if known).

Number of stories; number of wings (if appro-
priate); number of rooms; approximate
ground floor size (m?; number of residences
or business units (as appropriate).

Use: residential, commercial, industrial, office,
public service (hospital, church, police station,
etc.), brief description.
Approximate age: pre-1900,
19451964, 1965 and after.

1900—1944,

The Building—Construction

Materials used in vertical construction: rubble
masonry, ashlar masonry, pisé (cobb, adobe,
etc.), tuff or tufa block (or compressed fibre/
aggregate block), wood frame, steel frame,
reinforced concrete (wall, cylindrical, or rec-
tangular column, prestressed member), mixed
construction.

Materials used in horizontal construction:

a. Stone or brick vault, wooden beams, steel
joists, mixed construction.

b. Reinforced concrete—flat plate, beam and
girder (two-way slab), flat slab with drop-
panel and capital.

c. Type of roofing: mansard, pantile, rein-
forced concrete, thatch, metal, etc.

Foundation (if visible or known from records):

none, continuous rock, earth or sediment,
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10.

11.

12.

13.

14.

16.

17.

18.
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rubble, short pile, long pile, reinforced con-
crete (raft and columns, cantlever, wall or
pedestal footing).

Type of architectural details: garage, cornices,
steps, patio, porch, terraces, balconies, re-
taining walls, etc.

Common facade or f{frontage with other
buildings?

Presence or absence of cellar, detached or
linked garage, barn or stall.

Regularity of plan-form: rectangular, square,
circular, irregular, etc.

Orientation of building (°N), direction of hill-
slope (°N)

The Landslide

Landslide event:

a. Previous event: stabilized/potentially active
(date?).

b. Current event: potential/active.

c¢. Unknown.

Dominant type of ground movement: subsi-

dence or heave, extension or compression,

translation or rotation; scarp, scarpette, bowl-

shaped scar, mudflow, other.

Position of building with respect to landslide

(Varnes 1978):

a. Above crown

b. Headscarp (crown zone of depletion

scarp)

c. Intermediate step or
scarp

d. Neck

e. Flank

f.  Foot, toe, or basal
fan

zone of accumulation
g. Compression ridges
h. Other.
Has the landslide been mapped by geologists
or planners? Have mass movement processes
been monitored at or near the site? Do base
maps, aerial photographs, or remote sensing
images of the site exist?

The Damage

Maximum vertical movement (cm), maximum
horizontal movement (cm), and their direc-
tions (°N).

Maximum inclination of (a) walls, (b) basal raft
or foundations (in degrees); direction of rota-
tion: upslope, downslope, parallel to the con-
tour, diagonal (°N).

19. Direction of slew (if any): clockwise, anticlock-
wise (degrees).

20. Dominant type of cracking:
a. Horizontal, diagonal, vertical, network, X.
b. Compression, dilation, relative slip (for

each elevation—front, rear, left, right).

21. Damage to window and door apertures: com-
pression, distortion, cracking of sill, lintel or
jamb, shattering of glass and splintering of
wood, etc.

22. Grade of damage (0-7): none, negligible,
light, moderate, serious, very serious, partial
collapse, total collapse (see scale).

Acknowledgments

This research was supported by the Graduate
School of the University of Massachusetts. Valuable
help was given by the Amministrazione Regionale
delle Marche and Comune di Ancona (Italy) and by
Dr. Leonardo Polonara.

References Cited

Alexander, D. E., 1983a, The Landslide of 13 December
1982 at Ancona, Central Italy: Report to the International
Disaster Institute, London, 91 p.

Alexander, D. E., 1983b, “God’s Handy-worke in Wonders”
—landslide dynamics and natural hazard implications of a
sixteenth century disaster: Prof. Geogr., v. 35, n. 3, p.
314-323.

Alexander, D. E., 1984, Preliminary assessment of architec-
tural damage caused by the 1982 Ancona landslide: J.
Ekistics, v. 51, n. 308, p. 452-462.

Bolt, B. A., W. L. Horn, G. A. Macdonald, and R. F. Scott,
1977, Geological Hazards (2nd ed.): New York, Springer
Verlag, 330 p.

Carrara, A., and L. Merenda, 1976, Landslide inventory in
northern Calabria, southern Italy: Geol. Soc. Amer., Bull,,
v. 87, p. 1153-1162.

Crozier, M. J., 1978, Techniques for the morphometric anal-
ysis of landslips: Z. Geomorph., v. 17, n. 1, p. 78-101.
Fleming, R. W., and F. A. Taylor, 1980, Estimating the costs
of landslide damage in the United States: U.S. Geol. Surv.

Circ. 832, 21 p.

Fujita, T. T., 1973, Tornadoes around the world: Weather-
wise, v. 26, n. 2, p. 56-62.

GNDT, 1984, Scheda di rilevamento lesioni ai fabbricati abi-
tativi esito del sisma dei giorni 7-5-1984 e seguenti: norme
per la compilazione: Rome, Gruppo Nazionale per la Di-
fesa dai Terremoti (CNR), 26 p.

Gray, C. H,, 1984, Landslide hazards in California: Calif.
Geol, v. 37, n. 8, p. 171-172.

Krohn, J. P, and J. E. Slosson, 1976, Landslide potential in
the United States: Calif. Geol, v. 29, n. 10, p. 224-231.
Lagorio, H. J.,, and G. C. Mader, 1981, Earthquake in Cam-
pania-Basilicata, Southern Italy, November 23 1980: Ar-
chitectural and Planning Aspects. Berkeley, Calif., Earth-

quake Engineering Research Institute, 88 p.



Leighton, F. B., 1976, Urban landslides: targets for land use
planning in California. In Coates, D. R., ed., Urban geo-
morphology: Boulder, Colo., Geol. Soc. Amer. Sp. Paper
174, p 37-60.

Schuster, R. L., 1978, Introduction. In Schuster, R. L., and
R. J. Krizek, Landslides, analysis and control: Washington,
D.C., Transportation Research Board Special Report 176,
p. 1-10

Sieberg, A., 1932, Erdbebengeographie: Handbuch der Geo-
physik, Band IV, Abschnitt VI, p. 688—1006.

Skempton, A. W, and J. N. Hutchinson, 1969, Stability of
natural slopes and embankment sections. Proc. VII Int.
Conf. on Soil Mech. Found. Eng., State-of-the-Art Vol,, p.
291-340.

Landslide Damage To Buildings 151

Soloviev, V., 1978, Tsunamis. /n The assessment and mitiga-
tion of earthquake risk—natural hazards: Paris, UNESCO,
p- 118-139.

U.S. Geological Survey, 1982, Goals and tasks of the landslide
part of a ground failure hazards reduction programme:
U.S. Geol. Sury. Circ. 880, 49 p.

Varnes, D. J., 1978, Slope movement types and processes. In
Schuster, R. L., and R. J. Krizek, Landslides, analysis and
control: Washington, D.C., Transportation Research
Board Special Report 176, p. 11-33.

Weatherwise, 1974, The hurricane disaster potential scale:
Weatherwise, v. 27, a. 4, p. 169, p. 186.

Zaruba, Q., and V. Mencl, 1982, Landslides and their con-
trol: New York, Springer Verlag, Chap. 12.



