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Figure 4: Flow of seismic inertia forces through
all structural components.
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the SHORT COLUMN problem 450 pounds
400 pounds ’

the stiffness of a column 50 pounds 7 height L
varies approximately
as a cube of its length F

[— — height 2L

j—
——— the short column is half the height
%E but takes 8 times the load of the

Wlong column

A very important aspect of stiffness in lateral force design is that
earthquake forces are distributed in proportion to the stiffness of the
resisting elements
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CONFIGURATION
regular and irregular

irregular

regular

Regular configurations are essentially symmetrical in plan and
elevation, with no setbacks in elevation or complications in plan. An 2
irregular building has geometrical complexities of plan, elevation, or
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Figure 2: Simple plan shape buildings do well
during earthquakes.
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Figure 3: Sudden deviations in load transfer path
along the height lead to poor performance of

buildings.
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Light Side
of Building

Earthquake
Ground Shaking

Figure 3: Even if vertical members are placed
uniformly in plan of building, more mass on

one side causes the floors to twist.

vy
of Building

STRESS CONCENTRATIONS

Vertical Axis about
which building twists

£ rthquake
Ground

Movement

(b) Building on slopy ground

% wall

Wall

(c) Buildings with walls on two/one sides (in plan)

Figure 4: Buildings have unequal vertical
members; they cause the building to twist

\  about a vertical axis. y

The most serious condition of vertical irregularity

is the soft or weak story, in which one story, usually
the first with taller, fewer columns, is significantly
weaker or more flexible than the stories above.
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STRESS CONCENTRATIONS

the soft story collapse mechanism

soft story

overstress

PRINCIPLES OF SEISMICITY AND SEISMIC DESIGN

A

on Building

Total Horizontal Earthquake Force

Horizontal Movement of Roof of Building
relative to its base

(a) Building performances during earthquakes:
two extremes - the ductile and the britile.

m Structural Detailing
Strength and Stiffness Degradation ng%= BT .
2 g . ¥, -

Bond or insufficient
anchorage failure

BRI NANYANG
|8, # il(! 1 Nf )!.l }t_‘i |E '.:\J'
'95‘? UNIVERSITY Problem Statement 5




Moment-curvature relationship for RC in flexure
A
" Steel yields M-¢
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To maintain ductile behavior, it is important for the joint zones to have: (1) Sufficient strength to
sustain the maximum actions that can develop in the plastic hinges (2) Sufficient resistanceB
stiffness degradation
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Causes for Failure of Building
during Earthquakes Y,

« Damage to load-bearing walls
* Doors and window openings
 Failure of ground

* Failure of roofs and floors

 Failure of columns and
beam-column joints

* Material and Workmanship
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Structural Strengthening

=Sliding along
mortar joint e
(b) PGA = 0.35 g: Upper portion of wall gave

<z

(b) PGA = 0.45 g: Ultim
- s

(c) PGA = 0.35 g — The left portion toppling (d) PGA = 0.35 g: Total collapse

—

(d)PGA=0.8 ¢g: other view of collapse

(c) GA =0.80 g: Upper portion collapsng
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Canvas can keep
brick walls sturdy
during quakes

strips take longer to
crumble than normal ones
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Collapse of mud
and stone walls
Beams prone to
collapse due to

Failure of wall the loss of support

corners \\_>

__,Vertical cracks in the

walls
Diagonal cracks above
lintels Out-of-plane
collapse of a long
_ wall
Diagonal cracks
Vertical cracks at the wall corners
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Basic principles for the seismic design of buildings

"

Reinfored Structural
conerets frame masanry wall

J| Il B Avoid mixed
systerms of

:I -: columns and
structural

‘ - masonry walls!

—

Basic principles for the seismic design of buildings

A
_h -
I -
Avoid «bracings of frames
with masonry infills!
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Cracking and separation of adobe walls — 1997

Out-of-plane wall collapse — 1996 Nazca earthquake, Peru
(Report #52)

Jabalpur, India earthquake (Report #23)

Total collapse of adobe walls — February 2001 El
Salvador earthquake (Report #14)
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l-smlg of adob aalpur eathuke, India

(Report #23)
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Phote 13, Excavating around the footing. Photo 14. hardening the surface and installing
the dowels,

. -~
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e UMVERSITY Photo 15. Installing the main steel. Photo 16. Completing the jacket.
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