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Earthquake Behavior:

1- The presence of walls in upper
stories makes them much stiffer
than the open ground story.

2- The upper stories move almost
together as a single block.

3- Most of the horizontal
displacement of the building
occurs in the soft ground story
itself.

4- The building swing back-and-
forth like inverted pendulum
during earthquake shaking.

5- The columns in the open

ground story are severely
stressed that may lead to collapse

of the building.

(b)

Small dhsplacemant Detween <

Large displacement bofween Jl

How will this building
behave under strong
ground motion?

Earthguake
oscilations

SHff upper storeys:
S sal oors
Soft ground storey: -

focrgation amd firs! Moor

Grownd siovay colinmns severely stressed]
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Design Design

Figure 4: Reinforced Concrete Building Design:
the beams must be the weakest links and not
the columns — this can be achieved by
appropriately sizing the members and providing
correct amount of steel reinforcement in them.
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Figure 10. Examples of vertical irregularities (from Bangladesh)
that can induce undesirable torsional effects (source: M. A. Noor).

IOV saa e lSLiania sVertical Irregularittiess seddl lililleas slallie

undesirable Torsional Effectsdialla sas s

el sisalliannil j1aSligs Silavie -

alite ,alCan) Hasll Silanie HSIAISEL]) jelat

Figure 11. A building with ground floor open on one-side twists during
earthquake shaking (source: Murty 2005).
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Figure 12,
Vertical members
of buildings

that move more
horizontally
sustain more
damage (source:
Murty 2005).
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Figure 15. RC frame building with masonry infills in Algeria (after the 2003 Boumerdes
earthquake): (a) masonry infill walls fail in both directions; (b) Masonry infill wall failure
showing diagonal cracking due to compression strut action (pholos: S. Brzev)
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Figure 16. Infill walls influence the behavior of a RC frame: (a) a bare frame; (b)
infill walls must be uniformly distributed in the building; and (c) if the inflls are
absent at the ground floor level this modifies the load paths, which is detrimental to
earthquake performance (source: C.V.R. Murty).
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Figure 24. Typical building with a soft ground story
in India (source: EERI 2001).
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Figure 17. A building with short
columns at the basement level in
Cyprus (source: Levtchitch 2002).
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Figure 18. Examples of
common building types
_ with short columms

r (source: Murty 2005).
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Figure 19. Captive column damage from (a) 2003 Bourmerdes, Algeria earthquake
(photo: M. Farsi), and (b) 2001 Bhuj earthquake in India. (source: EER])
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Figure 20. Captive columns are common in RC buildings when
partial height walls adjoin columns and the walls are treated as non-
structural elements (source: Murty 2005).
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Figure 22. Pounding can occur in adjacent buildings located very close to
each other due to earthquake-induced shaking (source: Murty 2005).
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Figure 23. (a) Pounding between a six-story building and a two-story building in
Golcuk, Turkey causing damage in the column of the six-story building, (b) Detail of
pounding damage in a six-story building shown in figure (a). (source: Gulkan et al.
2002).
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