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ABSTRACT

This report 1is concerned with the analytical studies
conducted to investigate the possibility of estimating the ground
motion <(and particularly its effective peak acceleration EPA)
capable of producing the observed building damage in the city of
El-Asnam during the earthgquake of October 10, 1980. For this
purpose the performance of canopies in a school near the city is
analyzed using different mathematical models, two different time
histories of possible ground motions, and different dynamic
analysis techniques. Although a small range of values for EPA
(i.e. from 0.28g ¢to 0.35g) is determined for the two ground
motions considered, many uncertainties exist in the determination
and use of EPA. It is concluded that the use of EPA as the sole
parameter by which the damaging potential of an earthquake 1is
jJudged can be misleading. Based on the canopy’s performance ¢to
the El-Asnam earthquake, an inelastic design response spectrum is
proposed. Finally, conclusions are drawn and recommendations for

future research are formulated.
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I a. INTRODUCTION

1.1 General

On October 10, 1980, a destructive earthquake of Richter
magnitude (M) 7.2 occurred near the city of El-Asnam, Algeria
(Ref.l1>. The epicenter was about 6 miles (10 km) east of El-
Asnam, with a focal depth of 6 miles. The duration of the
earthquake was between 35 and 40 seconds. No strong motion

records of the main shock were obtained.

The effect of the earthquake in the city can be summarized

as follows (Ref.l):

- In downtown El-Asnam, approximately 80 percent of the
buildings collapsed or were so significantly damaged that they
had to be demolished. Many deaths were caused due to the

Epllapsed structures.

- Nearly all damage observed in buildings resulted from
their response to ground shaking. The effect of surface faulting,
ligquefaction, landslides, fire, flooding, etc. was small but did
affect some buildings, aqueducts, irrigation distribution

systems, highways, and railroads.

- Most of the city’s adobe or masonry buildings collapsed.
Reinforced concrete buildings did not behave well, either, mainly

due to defects in building design and/or construction. Even the



R/C structures that remained standing suffered partial damages,

with masonry panel walls blown out of frame structures.
Furniture, equipment, and building contents shifted and
overturned.

One question that was raised by many researchers and
professional engineers concerned the kind of ground motion that
could have induced the observed damage. According to the
performance of different types of structures in this city, the
value of the peak ground acceleration (PGA) was estimated at more

than 0.40g.

It is already well accepted that PGA is not a good index to
measure damage potential. Recently the new parameter EPA
(effective peak acceleration) was introduced. Even though EPA has
several definitions (Ref.2), it will be defined herein as
follows: “the EPA of a given earthquake ground motion 1is the
maximum acceleration of this motion which is fully effective in
causing a structure to respond: a higher acceleration will not
increase the response of the structure and a lower acceleration

will decrease it."

Studies were conducted to determine EPA and answer the
question of whether EPA is a good index of the damaging potential
of an earthquake ground motion. These studies consisted of
detailed analyses of the performance of some school canopies
located about 3 miles (5 km) east of El-Asnam. These canopies,
which covered the corridors between one-story classrooms, had a
very simple structural system and suffered severe damage. Some of

the R/C canopies collapsed during the earthquake, while most of

FEA]



them remained standing but with severe structural damage to the
columns. It therefore appeared that the earthquake performance of
this simple structural system offered an excellent opportunity to
estimate the main characteristics of the ground motion and

particularly the EPA required to induce such damage.

Furthermore, if it was possible to determine the EPA, it was
of interest to try to formulate design earthquakes, based on the
computed EPA, that could be used for retrofitting existing
structures as well as for the design of new structures in the
rebuilding of the city of El-Asnam. According to present state of
the art in specifying design earthquakes, it was decided to

formulate them in the form of a design spectrum (Ref.3).

The investigation reported herein was initiated with the

following main objectives.

1.2 Objectives

The main objectives of the studies reported herein were: 1)
%9 use the observed R/C school canopy performance as a
transducer, if possible, to obtain an estimate of the EPA of the
ground motion that could induce such performance ; and 2) to
propose design response spectra that can be used in the design of
new buildings and in the repair and retrofitting of the buildings
that did not collapse, in order to prevent serious damage in case

of future earthquake ground motions.

1.3 Scope and Layout of Report

In Chapter 2, an overall description of the R/C canopy’s

]



structural system is given. The performance of the canopies to
the El-Asnanm, Algeria earthquake and their most adequate

analytical modeling are also discussed in this chapter.

In Chapter 3, the mechanical characteristics of the canopy
are estimated. First the mechanical characteristics of the
structural materials <(concrete and reinforcing steel) are
selected. Using these material properties the probable moment-
curvature (M-@) relationships of the canopy’s column cCross
section are obtained. The influence of several parameters that
affect these M-2 relationships, such as axial 1load, concrete
cover thickness, and buckling of longitudinal compressive steel

bars, are studied.

An analysis of the adequacy of the canopy’s design in

relation to the 1982 UBC Code Provisions is made in Chapter 4.

The dynamic characteristics of the canopy are estimated in
Chapter S, both assuming a generalized SDOF model and a 2DOF

model. Different damping ratios are considered.
e

The analyses conducted to estimate the EPA are presented in
Chapter 6. The types of ground motion considered are discussed
first. The idealization of the lateral resistance function, as
well as the determination of the displacement ductility are then
described. The EPA determination is done in three stages: (L
using the Bertero, et al. charts (Ref.4) to estimate the peak
ground acceleration PGA; (2) verifying the value of PGA with the
use of the nonlinear analysis program DRAIN-2D (Ref.5); and (3)

estimating the EPA by the "Clipping Method"™ which basically




consists of clipping the acceleration peaks of a given earthguake
previously normalized to a PGA found in (2), in order to study
the effect of clipping on response. The effects of several

parameters on EPA are also discussed in this chapter.

In Chapter 7, inelastic design response spectra are
suggested based on the analyses conducted previously for

estimating the EPA.

Finally, in Chapter 8, the results of the preceding chapters
are summarized and general conclusions are drawn. The chapter

ends with suggestions for future research.

o



rT . DESCRIFPTION OF R7C CANOPY

STRUCTURAL SYSTEM, ITS EARTH-

QUAKE PERFORMANCE AND Irrs
ANAILYTICAILIL. MODEIL.ING

2.1 Introductory Remarks

Each of the school canopies covering the corridors along and

between the classrooms were completely free of so called
“nonstructural components” (Fig.2.1>, which facilitated
considerably the mathematical modeling of this particular
structure. In other words, the seismic response of the canopies

depended solely on its bare structural system.

2.2 Structural Systenm

The structural system of each of the school canopies
consisted of a row of four cylindrical columns supporting a very
massive slab, 138 x 766 inches (3.50 x 19.45 meters) in plan, at
~
the top (Fig.2.2>. The canopy tributary weight to sach of the
columns was estimated as 26 kips (116 kN). The columns had 13.8
in. (350 mm) in diameter and their reinforcement consisted of 10

#6 longitudinal bars with circular ties #2 @ 7.2 in. (183 mm)

used as transverse steel.

Although it was not possible to obtain information regarding
the columns’ foundation, from the inspection of the performance
it was clear that the foundation had not suffered significant

movement, i.e., it acted practically as a rigid foundation. From

€



the way the canopy collapsed, as well as from the damage and
permanent deformation observed in the canopies that remained
standing, and from preliminary estimations, it became clear that
the only significant response occurred in the transverse
direction of the canopies. Therefore, only the response under a
horizontal ground motion acting in the direction perpendicular to

the longitudinal axis of the canopy will be considered herein.

It is important to mention that, since only some canopies
collapsed while others were only thrown out of plumb, the maximum
inertia forces of the structure were at the level of the yield
capacity of the structure. Moreover, the canopies that were only
thrown out of plumb did not collapse perhaps because of adjacent

buildings that held them up.

As may be seen from Fig.2.1, the structural failure of the
canopies was triggered by the failure of the columns at their
base in the transverse direction. This failure was, in turn,
triggered by flexural yielding of the main reinforcement followed
?z crushing of the concrete and buckling of the longitudinal
compressive steel bars. Some damage occurred throughout the
columns, especially at the top. The roof of the canopy sustained

no damage.

Before the modeling of the canopy is discussed, it needs to
be said that conceptually, the canopy’s structural system in the
transverse direction is not adequate for resisting earthquake
loadings. The large value of concentrated mass at the top,
together with the fact that the canopy was statically

determinate, made it a very inefficient structure to resist



earthquake excitations.

2.3 Mathematical Modeling of the Canopy

The actual structural system has been idealized as shown in
Fig.2.3. Although this idealized system has infinite degrees of
freedom, because of the relatively small value of the distributed
mass along the column (m) compared with the concentrated mass at
the top of the canopy (M), it can adequately be represented by an
equivalent two-degree-of-freedom system (2DOF), v1 and v2. in
which the translational and rotational masses are considered to
be concentrated at the top of the column of the canopy (Fig.2.3).
To study the importance of each of these two degrees of freedom
in the overall response, studies were also conducted in which the
system shown in Fig.2.3 was reduced to just a single degree of

freedom (SDOF) by neglecting v i.e. the rotational degree of

2’
freedonm.

A summary of the most important characteristics of the
canopy is presented below. Detailed computations are included in

~

Appendix A.

L = 105 in. (=2.67m) (: height of the column)

M = 0.065 k-seczlin. (=11 kN—seczlm) (: concentrated mass
at the roof)

m = 3.3 x 10-5 (k-seczlin.)/in. (= 0.23 (kN-seczlm)/m) (:
distributed mass of the columns)

107 k—secz-in. (=12.1 kN—secz-n) (: mass moment of

-
"

inertia of the roof?

EI = 6.28 «x 106 k-in.2 (=18000 kN—mz) (: flexural



stiffness of uncracked, transformed cross

column?
EI_ = 2.62 X 10° k-in.? ¢ = 7520 kN-mD)  (:
stiffness of cracked, transformed cross

column)

section of

flexural

section of



IrIxTx. ESTIMATION OF MECHANICAILL
CHARACTERISTICS OF CANOPY

3.1 Mechanical Characteristics of the Structural Materials

Each canopy was constructed of reinforced concrete.
Unfortunately, no testing data or design values were available
regarding the mechanical characteristics of the concrete and
reinforcing stesl. However, based on visual inspections of these
materials and on conversations with people who were involved in
the construction, the following probable mechanical

characteristics of these materials were assumed.

3.1.1 Concrete Stress-Strain Relationships. The fcllowing upper
and lower bound values for 28-day cylinder strength of the
concrets, f'c, were assumed:

Case M1 : £’

H]
W
<

ksi (21 MPa)
c

Case M2 : £~

P c 2.5 ksi (17 MPa)

For the two cases of concrete described above, stress-strain
relationships for both the unconfined and confined concrete were
considered, corresponding to the concrete outside and inside the

ties of the column, respectively (Figs.3.1 and 2.2).

Both the Park & Kent (Refs.6 and 7> and the Blume et al.
(Ref.8) stress-strain relationships for concrete were used to
investigate the effect they had on the moment curvature diagrams.

The Blume et al. relationship gave values for moments



approximately 10% to 15% higher. However, since the column ties
were not spaced too close, #2 € 7.2 in. (183 mm), and therefore
did not confine too well, it was concluded that the Park & Kent

relationship was more suitable.

The Modified Park & Kent curve (Ref.6) was also considered
but the additional sophistication was not justified for ¢two
reasons: 1) the amplification factor for f’c turned out to be
small (K=1.04) and 2) the uncertainties in the value of f’c
itself were large. Therefore, the Park & Kent concrete stress-
strain curve was used, assuming different relationships for the

confined and unconfined concrete (Figs.3.1l and 3.2).

3.1.2 Reinforcing Steel Stress-Strain Relationships. The
following upper and lower bounds for the yield stress, fy' were
assumed:

Case M1 : £ 50 ksi (350 MPa)

Case M2 @ f

40 ksi (280 MPa)

The assumed stress-strain curves, corresponding to the two

cases mentioned above, are shown in Figs. 3.3 and 3.4.

Although analyses were conducted for different combinations
of the values of the mechanical characteristics of the materials,
the values reported in this paper correspond to the following
combinations, which are upper and lower bounds of the values of
f’c and fy : combination 1 which corresponds to case M1 of
concrete and steel; and combination 2 which corresponds to case
M2 of concrete and steel. Furthermore, special attention is given
to the combination 2, considered to be more realistic than

combination 1. These two combinations will be designated from now



on as case M1 and case M2.

3.2 Computed and Idealized Moment-Curvature (M-9) Relationships
of Column Cross Sections

3.2.1 Variables Considered. Numerical computations of the MN-@

relationships were conducted using the RCCOLA computer program

(Ref.9). In these the variation of the mechanical characteristics

stated above and the effect of the following parameters were

considered:

1)__Different Level of Axial Loads P. Different levels of axial
load were considered in order to study the possible effect of
vertical acceleration, estimated to be as high as 1.0 g (Refs.l

and 10), on moment-curvature relationships.

The total tributary weight to each of the columns of the
canopy was approximately 26 kips (116 kN) at the critical section
(bottom of the column). Moment-curvature curves for axial loads
of 0, 26, and 52 kips (0, 116, and 231 kN) were obtained using
RCCOLA. The results obtained were very similar for each of these
loads (Figs.3.5 and 3.6). Therefore, a value of 26 kips was used
in subsequent analyses. In these curves, the maximum value of
the curvature, ¢lax' was controlled by a given maximum value of
the concrete compressive strain at the outer fiber of the column
cross section, which was selected as 0.06 in./in. A larger value
could have been chosen for this strain but, as described below,

buckling of the longitudinal compressive steel bars did not

permit the use of such high values of strain.

2) Different Cover Thicknesses. Field measurements of the cover



thickness showed some variations. Since the section was so small
(with a practically constant total diameter of 13.8 in. = 350
mm), any deviation from the specified cover thickness could
affect the M- relationship. Therefore, it was considered of
interest to study the effect of the measured upper and lower
bounds of the cover thickness on the behavior of the column
section. As Fig.3.7 indicates, the two bounds used for the cover
were 1.1 in. (27 mm) and 1.6 in., (40 mm). This gives as a
result, values of d’ varying from 1.7 in. (43 mm) to 2.2 in.
(56 mm), where d’ is the distance from the center of the
longitudinal reinforcing bars to the outside edge of the concrete

on the same side of the section.

As shown in Figs. 3.8 and 3.9, the main effect of an
increase in cover is a decrease of the yield and maximum flexural

strength by less than 10%.

3.2.2 Estimation of Behavior of Critical Regions of Colunmns.
Possibility of Buckling of Main Bars. The moment-rotation
egpacity, rather than the moment-curvature relation of critical
regions of reinforced concrete structures is important in
determining seismic response. The spacing of the circular hoops,
7.2 in. (1832 mm), was larger than the maximum spacing, 4 in. (102
mm), permitted by the 1982 UBC (Ref.l1l1l) for seismic zones 3 and 4
[2625 (f)> 4Bl]. It was also larger than the eight-bar diameter
which is required to prevent buckling, which for #6 bars implied
a distance of 6 in. (152 mm)>. Thus, the possibility of premature
buckling, after the unconfined concrete of the cover shell had

spalled, had to be considered. In some of the columns of the

-
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canopy that remained standing, there was evidence that the bars
had just begun to buckle. To study the effect of buckling of main
reinforcing bars on the behavior of the structure, it is
necessary to study the behavior of the critical region in the
area where the bar may buckle. The logical method is to find the
Moment ,M, -Rotation,8, relationship along a region of length equal
to the buckling length of the bar. To simplify the analysis it
was assumed that the moment and curvature were constant along
this critical region. Therefore, it is possible to interpret the
M-d of the critical column cross section as the M-8 of the
critical region by multiplying the curvature © by the buckling

length of the bar, in this case 7.2 in.

Based on this assumption, the curvature at which buckling
would start has been computed and is indicated in Figs. 3.8 and
3.9. It is not uniquely determined; instead a range of curvature
values was obtained which defined the uncertainty of initiation

of buckling. The determination of this range is discussed below.

It was assumed that, although crushing of the concrete might
have started at a strain of 0.004, the actual spalling started to
occur when the strain in the concrete (at the 1level of the

compression steel) was approximately 0.007 (Figs. 3.1 and 3.2).

The value of Es = 0.007 (> €Y) is in the yield plateau of
the steel stress-strain curve (see Figs. 3.3 and 3.4). Therefore,

the compressive force of the longitudinal steel bar is:
P = f A (Eq.3.1)

Buckling of the longitudinal compressive bars will start at

14
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a buckling load P, equal to:

b
Pb = (T12 Et I)/(KL)2 (Eq.3.2?
where Et = tangential modulus of elasticity of the
longitudinal reinforcing steel bar
I = moment of inertia of longitudinal
reinforcing steel bar
KL = effective buckling length

By noting that L=s (spacing of stirrups) and fcr=Pb/A (where

A is the area of the longitudinal bar), the following

relationship is obtained :

-

8 ¢ i1 D/4K) x -J(E /f
t,fcr " c

r (Eg.32.3)
where : D = diameter of longitudinal bar
fcr = stress at which buckling occurs
E = tangential modulus of elasticity at f
t,fer cr

A value of K=0.5 was initially assumed because it was
observed during the inspection of damage that the contact of the
-~

circular hoops with the reinforcing bars was good. The validity

of this assumption is discussed later.

Considering the Et corresponding to the onset of strain

hardening, it was determined that the corresponding Pb was
smaller than the value PY computed on the basis of the yield
strength of the steel bar. This indicates that buckling of the
outermost layer of longitudinal bars will start to occur at a

strain, along the entire buckling length of these bars, that is

larger than the yielding strain but smaller than the strain at



initiation of hardening. Consequently, the use of the strain
hardening value leads to an upper bound for the initiation of

buckling.

Therefore, in terms of average strain along the 1length
needed for buckling, the initiation of buckling occurred
somewhere in the interval 0.007 < Es < Esh (i.e., between the
start of spalling of the concrete shell and the initiation of

steel strain hardening). However, it is believed that buckling

initially occured at a point closer to the first value.

Figures 3.10 and 3.11 illustrate the M-@ diagrams for the
cases with and without considering the buckling effect. These
figures illustrate the sharp decrease in moment capacity once
buckling starts to occur. It was therefore concluded that
initiation of buckling was a controlling factor in the
determination of ultimate rotation capacity, Bu (represented by
the average ultimate curvature mu> and therefore of ultimate

displacement Y and displacement ductility /“3'

3.2.3 Idealization of Moment-Curvature (M-@) Relationship. The
M-8 relationship was idealized in order to use it as input data
for the DRAIN-2D computer program (Ref.5). The elastic/perfectly
plastic idealization seemed reasonable for the range of
curvatures investigated. No increase in moment due to strain
hardening was considered since buckling of the 1longitudinal
compressive steel bars occurs at an average strain which is
smaller than the strain at the onset of strain hardening. Also,

the tensile steel bars just reach the initial stages of the

strain hardening range. The idealized curves are presented in



Figs. 3.12 and 3.13, corresponding to the material property cases

M1 and M2, respectively (Section 3.1).

3.2.4 Estimation of Interaction Diagram M vs N. It has already
been mentioned that the effect of axial load on the moment-
curvature diagrams is small and can be neglected. However, it
seemed appropriate to compute the interaction curve, M vs N, in
order to graphically show the 1level of axial load being
investigated. The values of moments M correspond to the maximum
moment obtained from the M-@ relationship under a given load N.
The curve, which corresponds to material properties case M2, is
presented in Fig. 3.14. It shows that the range of axial loads to
which the canopy column could be subjected to, 26 *+ 26 kips (116
+ 116 kN), 1is much lower than the balanced load (approximately

145 kips = 645 kN).

3.2.5 Estimation of Column Shear Strength. Shear strength
evaluation becomes very important when investigation of the
structure’s failure mode is undertaken. The amount of shear that
can be developed in the critical region of a R/C member depends
upon the end moments and the loading conditions of the member. In
the case of the canopy column, except for the inertia forces
developed along its 1length (which were negligible as the
distributed mass throughout the column was very small), no other
load was applied between the ends. Therefore, this member is
subjected to a constant shear V along its length (Fig. 3.15). The

value of this constant V can be computed from V = (Mu+ﬁ Y/(L>,

b

where Mn and Mb are the moments at the two ends of the member.
Note that the canopy behaves as a cantilever with concentrated

lateral force and moment at its top. The applied moment is due to

4 =7



the rotational inertia of the roof and cannot be neglected.

The shear capacity V of the circular cross section was
computed wusing the RCCOLA computer progranm, which follows
recommendations by Capon & Diaz de Cossio (Ref.12). The shear
resistance, V, depends on the shear strength provided by the
concrete, Vc' and on that provided by the shear reinforcement,
Vs' Assuming the shear resistance of concrete to be effective,
the available shear strength was found to be considerably higher
than the shear resulting from the lateral force required to
induce flexural failure. However, based on the 1982 UBC
specification 2625 (f)> S, which requires that VC shall be
considered equal to zero when Pe/hg < 0.12 f’c. the column will
fail in shear before it starts yielding. As already pointed out,
inspection of the damage in the standing canopies and the type of
failure observed in the collapsed canopies, revealed that the
failure was of the flexural type. It was concluded that shear
strength was not a problem, even though according to present UBC

récommendations, it should have been the controlling failure

mode.



IvV. COMPL.IANCE OF CANOPY DESIGN
WILITH THE 1982 UBC SEISMIC
PROVISIONS

4.1 Introduction

This chapter is mainly concerned with analyses conducted to
investigate if the canopy design satisfied the minimum
requirements for seismic resistant design of the present Uniform
Building Code (UBC 1982). The reguirements corresponding to
seismic zones 3 and 4 will be used, since they are considered to
represent the actual situation in El-Asnam during the October 10,

1980 earthquake.

Some of the detailing requirements cannot be examined since
information regarding the canopy’s design and/or construction
details was not available; for example: anchorage of steel bars
at the base of the column, splices, tolerances, stirrup bends,
etc. Also, other important parameters <(such as material

properties) were not available (not even the specified value).

4.2 Material Properties

According to 1982 UBC, [2625 (d) 1 & 2], the minimum value
of f'c to be used in seismic zones 3 & 4 is: f’c = 3.0 ksi (21
MPa) .

Although values of f’c = 3.0 ksi (21 MPa)> and f'c = 2.5 ksi
(17 MPa)> were used in this study, the latter seemed to be more

realistic. Concrete of this low resistance is not permitted by
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UBC.

The values of fy used in this report, 50 ksi (350 MPa) and

40 ksi (280 MPa) are permitted by UBC,

It is important to mention again that neither the specified
values of f’c and fY nor the actual ones were available.
Therefore, the values used were estimated according to visual

inspection and personal information.

4.3 Concrete Cover

A minimum concrete cover of 1.5 in. (38 mm)>) has to be
provided for main reinforcement, ties, stirrups, or spirals in
the case that the reinforcement is not exposed to weather or in
contact with the ground [UBC, 2607 (o). Although the specified
cover 1is not exactly known, the measured covers (which were the
assumed covers in this report) varied between 1.1 in. (27 mm) and
1.6 in. (40 mm). Thus some of the measured covers do not satisfy
UBC requirements.

~

4.4 Longitudinal Reinforcement

The UBC 1982 edition requires that at least six bars should
be used for columns of circular cross section. In this case ten
bars were provided; thus, the main reinforcement complied with

the UBC.

UBC, [2625 (f) 21, specifies that the vertical reinforcement
ratio_f in tied columns shall be not less than 0.0l nor greater

than 0.06.



4.42 in2 (10 # 6)

(TT/Q)(13.8)2 = 130 in2

i

For the canopy column : As

»
]

0.01 ¢ _F <€ 0.06

Therefors, the longitudinal reinforcemant ratio satisfied

the minimum and maximum UBC requirements.

The minimum spacing of longitudinal reinforcement is limited
to the smallest of the following values:!: bar diameter, 1.0 in, or
4/3 times the maximum size of the aggregate (not known), [2607

(e)] and [2603 (d)]. These requirements were satisfied.

4.5 Transverse Reinforcement

According te UBC (2607 (m?> 3.], all bars in tied columnns
shall be enclosed by stirrups or transverse ties which are at
least No. 3 in diamster for longitudinal bars smaller than No.1ll.
In the columns of the canopy, # 2 ties were used (reinforcing 10
# 6 longitudinal bars); therefore, the UBC requirement was' not

satisfied in this case.

According to UBC, stirrups shall be spaced at no more than
ds72 (= 11.8/2 = 5.9 in. = 150 mm) throughout the length of the
member [2626 (e) 5Bl]. In addition, at critical regions, [2625 (&)
S5Cl, along a length of at least 2D = 2(13.8)= 27.6 in. (700 mm)
from the base of the column, the spacing s of the ties should

satisfy the following requirements:

a) s £ d/4 = 3.0 in. (75 mm)

il
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b) s € 8 8 = & (b/8) = 6 in, (152 mm)
long

c) s £ 24 @, . = 24 (2/8) = 6 in. (152 mm)
ties

d) s £ 12 in. (305 mm)

These UBC requirements are meant to ensure ductile flexural
behavior. Note that the canopy’s columns are subjected to
extremely low axial forces; therefore, they are basically
flexural members. If the columns of the canopy are considered
under UBC (2625 (£f)>]1, as members subjected to both axial and
bending stresses, the center-to-center spacing of the hoops shall

not exceed 4 in. (102 mm) (2625 (f) 4B].

The transverse ties used were # 2 @ 7.2 in (1832 mm);
obviously, UBC is not satisfied whether the column of the canopy

is considered as a flexural member or as a column.

The shear design of columns has to satisfy section [2625 (f)

S5} of UBC; i.e.:
A £ d_/ s = (V /8 -V (Eg.4.1)
vy c© u c
where Vc should be neglected if Pe/ﬂg < 0.12 f’c

In this case : Pa/Ag = 0.18 ksi (1.2 MPa) < 0.12 f’c = 0.30

ksi (2.1 MPa). Therefore, Vc = 0 and the previous equation

becomes:
A = (VI(s)/ (@) (f Y(d ) (Egq.4.2)
v u Yy c
From Fig. 3.15, Vu = (Md + Hb)/L = 2(800)(1.25>/(105) =

19.0 kips (84.6 kN).

M2
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Substituting the appropriate values, the required Av becomes
0.41 in.2 (270 mmz). The available Av is egqual to 0.067 in.2 (970
mmz). Therefore., the columns considered here should fail in
shear even before vyielding begins. Damage in the standing
canopies and the type of failure observed in the collapsed
canopies revealed that the failure was due to flexural yielding
and not to shear. Therefore, although according to present UBC

recommendations the shear strength should have controlled the

failure, shear was not considered to be a problem.

Although not required by UBC, it has been discussed in
Chapter 32 (Section 2.2.2), that the theoretical spacing of hoops

at which buckling will start to occur is given by:

s € (A D/4K ) x \/(Et,fcr/fcr) (Eq.3.3)

For the case of K=0.50 (which implies perfect workmanship)

T fy and Et.fcr=

& 6D =

and for Grade 40 steel (and further assuming fc

E i.s. the tangential modulus of strain hardening) : s

sh’
6 (6/8) = 4.5 in. (114 mm). Even for this case, it is seen that
the minimum spacing s for initiation of buckling is smaller than
the spacing used (7.2 in. = 183 mm) » which indicates the
importance of considering buckling effects in the analysis of the
canopy. In fact, as will be seen later, buckling controls the
response, i.e. it determines the maximum displacement v and

u

therefore the displacement ductility //AS.

It 1is interesting to note that if K is chosen equal to 1.0
(and if Eg.3.3 is used), buckling is determined to occur at a

strain in the steel somewhere between &y and ¢ as obtained

sh’

for the previous case with K=0.50. Therefore, the selection of

fi
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the value for K is not too important for the case at hand.

4.6 Concluding Remarks

The canopy design and detailing did not satisfy many of the
minimum UBC requirements for ductile moment resistant space

frames.
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V. ESTIMATION OF DYNAMIC CHARAC-—
TERISTICS OF CANOPY

S.1 Determination of Periods

S5.1.1 Generalized SDOF Model. As a first approach, the period of
the structure was computed using Raleigh’s Method (Ref.13), by
assuming a first mode shape W (x)=(l-cos(T x/2L))a, where a is

the top nodal displacement (Fig.5.1 and Appendix B).

In terms of the frequency of vibration:

L
* _LEI (v"(x))zdx

2, I (v' (L2

2 k
w =

- [
m¥ Lm (vix))2dx + M (viL))

(Eq.5.1)

The period of the structure (T=2T'/w) was initially obtained

for three cases:

- 1) Using a constant column stiffness corresponding to the
uncracked transformed section, EIuc: T = 0.46 sec.,

2) Using a constant column stiffness corresponding to the
cracked transformed section, EIcr: T = 0.72 sec.

2) Using EIuc constant for the top half of the member and

EIcr constant for the lower half : T = 0.64 sec.

The influence of the geometric stiffness on the period was
investigated and it was concluded that it hardly had any

influence on it (Appendix B).

i
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5.1.2 Two DOF Model. Considering the inertia forces shown in
Fig.2.3 (sea also Appendix B), and using elementary beam thsory
to determine the influence coefficisnts, the characteristic
frequency eguation is esasily obtained from which +the following
different values of T are estimated:

1) Using a constant column stiffness corresponding to the

uncracked transformed section, EIuC: Tl = 0.46 sec., T2 = 0,11
sec.

2) Using a constant column stiffness corresponding to the
cracked transformed section, EIcr: T1 = 0.72 sec., T2 = 0.18
sec.

Since concentrated small cracks decrease the stiffness EI
of the memher only at regions immediately adjacent to the cracked
saction, the overall stiffness of the entire structure will not
be greatly affected by these small cracks and the period will be
close to the one corresponding to the uncracked section
stiffness. Thus it is expected that initially (actually, before
or at the besginning of the earthquake), the period of the first
mode of vibration is closer to 0.46 sec than to 0.72 sec (unless
it is assumed that the canopy was significantly cracked before

the earthquake).’ ’

Based on the previous considerations, it was decided to use
a value of 0.30 sec for the first mode period in estimating the
peak ground acceleration (PGA) in the first stage of the analysis
(Chapter VI.). Ths above values were obtained assuming a fixed
foundation, which according to the actual type of construction

and performance of the structurs, appears to be a good

HXS
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approximation. Any rocking of the foundation would have resulted

in an increase of the period T.

It is interesting to note that the first mode period of the
2DOF and SDOF models (for both the uncracked and cracked cases)
ars equal. This is the case because both mondels have the same

first mode shape.

5.2 Damping Ratios

Considering that this is a very clean building consisting of
only the bare structural system, the damping ratic .f , for the
first mode of vibration has been selected as 2 percent. Howsver,
in order to study the effect of damping on the effective peak

acceleration, a value of § = 5% has also been considered.
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VI . ANALYSES TO ESTIMATE THE EF —
FECTIVE PEAK ACCELERATION
CEPAD

6.1 Introductory Remarks

Different approaches can be followed in order to estimate
the effective peak acceleration, EPA. The approach presented in

this report consists of three steps.

In the first step use is made of the charts developed by
Bertero, Mahin, and Herrera (Ref.4), for a one-degree-of freedom
system. This procedure estimates the peak or maximum ground
acceleration PGA necessary to excite the structure in such a way
that it just reaches failure (collapse limit state). Although
different types of hysteretic behavior can be wused in the
derivation of these charts, the ones used herein are based on a
linear elastic/perfectly plastic response of the system. For any
sélected dynamic characteristics (time history) of the ground
motion and any damping ratio, ‘f » the chartas can be constructed.
In using them, an estimate of the yield strength Ry and period T,
as well as an estimate of the available maximum displacement

ductility, /45 » is required.

It should be noted that the parameter which best defines
when the canopy reaches its collapse limit state is the rotation
at the critical region at the base of the column, since the

collapse of the canopy is due to the buckling of <the main



flexural reinforcement in this region. Whereas the maximum
rotation at the base of the SDOF cantilever directly relates to
the maximum displacement ductility ratio /Aé at the top of the
cantilever, this may not be so for the 2DOF case. However, as the
results indicate, even for the 2DOF model, the maximum rotation
at the base is related to the maximum displacement at the top of

the canopy.

In the second stage of the approach, after obtaining an
estimate of the peak ground acceleration PGA in the previous
step, inelastic time history analyses were conducted using the
computer program DRAIN-2D. These analyses were carried out with
ground motions normalized to values of PGA close to the ones
found in the first step of the studies, and using both SDOF and
2DOF models of the canopy. From these series of time history
analyses it was concluded that the inclusion of the second degres

of freedom significantly affected the dynamic response.

In the third stage of the studies, analyses were conducted
to find out the effect of "clipping”™ the acceleration ground
ﬁ;tion records used in the second stage. For sach of the selected
earthquake records, the variation of the response of the canopy
introduced by ‘*“clipping"” the peaks of the ground acceleration
record above a certain level was analyzed using DRAIN-2D. The
level of ground acceleration above which the peaks were clipped
was decreased until it was noted that the maximum response

started to decrease. This permitted the determination of the

effective peak acceleration, EPA.

Generally, EPA is less than the recorded peak acceleration,



PGA, because acceleration pulses of high value but short duration
have 1little effect on the response of most structures. In
addition, for structures strained into the inelastic range, the
number and order of the acceleration peaks, as well as the
duration of these pulses and of the entire ground motion, rather

than the peak itself, greatly influence the response (Ref.14).

6.2 Problems in Estimating EPA

Besides estimating the pericd and the damping ratio of the
canopy, it was necessary to decide on a number of parameters in

order to be able to estimate the EPA which gives rise to the

observed response. These are:

6.2.1 Type of Ground Motion. This is probably the main
uncertainty in the determination of EPA. Since no earthquake
record was obtained, it was decided to conduct this study, using
two types of earthgquakes considered to give an uppsr and a lower
bound on the inelastic deformation demands. The two records were
El Centro 1940 SQOOE and Derived Pacoima Dam 1971 S16E (Base Rock
Record). From the point of view of inelastic deformation demands,
and for structures with T > 0.4 sec., the El Centro record can be
considered as a record with relatively very short acceleration
pulses and consequently as one which will result in a lower bound
of inelastic demands. On the other hand, the Derived Pacoima
record is of the impulsive ¢type (intense and long-duration
acceleration pulses) and therefore will result in an upper bound

of inelastic demands.

1
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6.2.2 Idelization of the Lateral Resistance Function, R vs. vy
The derived M-0® diagrams shown in Figs. 3.12 and 3.13 have been
used to determine idealized lateral resistance functions, R vs.
vl' of the canopy. The linear elastic/perfectly plastic
idealization of the lateral resistance function, used in the
estimation of EPA, is shown in Figs. 6.1 and 6.2. The figures
correspond to a constant axial load of N = 26 kips (116 kN> and
to the concrete cover values given in the figures. 1In these
figures a range of possible values for vu is indicated: (3.5 in.-
4.3 in.?> = (88 mm - 110 mm? for material properties case M1,
Fig.6.1; and (3.5 in. - 6.3 in.?> = (88 mm - 160 mm?> for material
properties case M2, Fig.6.2. This range is limited by the value

of ﬁu » which is controlled by buckling of the longitudinal

reinforcing bars, as indicated in Figs. 3.8 - 3.11l.

It should be recognized that a decrease in the lateral
resistance R will significantly affect the response of the
canopy. For example, the relative accelseration Vr will increase

as R decreases, since for the case without damping:

- o _ . o = % _
mov_ o+ R =m v9 = v vg R/m (Eq.6.1)

Therefore, as buckling of the longitudinal compressive steel
bars takes place, the resistance R is expected to decrease with a
consequent increase in the relative acceleration ;t and therefore
an increase in displacement. Thus the initiation of buckling of
the main flexural reinforcement can be considered as the point
where the failure of the canopy will occur and as a limit for the
maximum displacement of the canopy. It was decided to consider

that buckling started at a vy equal to 3.5 in. (90 mm)> and 3.9

&)
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in. (100 mm) for the cases M1l and M2, respectively.

6.2.3 Determination of Displacement Ductility. According to the
procedure suggested by Bertero, et al (Ref.4), in order to
estimate PGA it is necessary to determine the value of the
maximum displacement ductility ratio, /AS », and of the idealized
linear elastic/perfectly plastic seismic resistance, R, vs.

displacement, v relationship. This has been accomplished using

1'

two different approaches, which are summarized below.

1) First_Approach: Park_and Paulay (1975) (Ref.7). These authors
offered an approximate solution for the relation between
curvature ductility and displacement ductility ratios in the case
of a cantilever column with a lateral load at the free end
(Fig.6.3a). Based on the assumed curvature distribution shown in
this figure, the following relation is derived:

( - - . )
Ly - [] ] . [ 8 -8)) [cL-0.5L r(3L (Eq.6.2)

2
l Dy (L

P where /AS = displacement ductility

Qy = curvature at yield

Qu = curvature at ultimate

L = length of cantilever

Lp = length of plastic region

As may be seen from Eg.6.2, this approach depends on several
parameters whose determination involves a large degree of

uncertainty. Among these are the following :

A) Curvatures @ and @

_______________ y-209.@ . As Figs. 3.5 to 3.13 show, these values

]
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depend on the material properties, concrcote cover, level of axial

load, M- idealization, moment distribution along the columns of

the canopy, initiation of buckling, etc.

e e d e e, e S e e el s e e e e e e e e, m e, e -

columns_of_the_canopy. Several formulas exist for the
determination of the value of the plastic length Lp (Ref.7).
However, it is considered more realistic to determine this value

from an assumed moment distribution.

It can be shown that in the case that a moment is acting at
the top of a cantilever beam, Fig.6.3b, it 1is possible to

estimate /MJ by modifying Eq.6.2 as follows:

(Eq.6.3)

(p -8 ) fu.-o.SL y(6L )
@ l (Lr4(2+¢)

where : ¢ = @0 /Qy 1 -1 < c <1

top

By using this equation (see Appendix C), it is shown that
the influence of the top moment on the value of /Uk is small if
the value of c is small (e.g. ¢ = 0.33). Furthermore, if c < O,
then the value of /&5 remains fairly stable even for very large
values of c . In other words, when the top and bottom moments
have different signs, the plastic length Lp remains small and
therefore the influence of the value of c on the ‘/LJ may be

neglected.

Although in most of the inelastic computer analyses
performed the value of the top moment was small, there were some

cases in which its value was significant. In spite of this, it

)
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will be assumed in the first stage of the method that the
influence of the top moment on the displacement ductility can be

neglected.

A summary of the data used in the determination of /Jﬁ » and

eventually in the estimation of PGA, is presented below:

CASE M1 : f’c= 3.0 ksi (21 MPa)
f = 50 ksi (350 MPa)
N = 26 kips (116 kN)
d’ = 1.7 in. (43 mm)

M = 785 k-in. (88.7 kN-m) = moment at first yield

y
¢Y = 0.34 X 10™2 rad/in. (13.4 X 10 °rad/m) = curvature
at yield
M = 974 k-in. (110 kN-m> = moment capacity

EIcr= 2.62 X 106 k—in.2 (7520 kN-mz)

c = 0.00

a) Initiation of Buckling Range :

g, = 2:27 X 10" rad/in. (89 X 10”2 rad/m => Mg = 4.0
pd

b) End of Buckling Range @

g, = 3.00 X 10”2 rad/in. (118 X 1073 rad/m) = g = 5.1

CASE M2 :© £’ = 2.5 ksi (17 MPa)
f = 40 ksi (280 MPa)
N = 26 kips (116 kN)

d’ = 2.2 in. (56 mm)

HY = 612 k-in. (69.2 kN-m? = moment at first yield
;z!y = 0.28 X 10”2 rad/in. (11.0 X 10 °rad/m) = curvature
at yield



Mu = 800 k-in. (90.4 kN-m?> = moment capacity
EI_= 2.62 X 10% k-in? (7520 kN-n2)

c = 0.00

a) Initiation of Buckling Range :

_ -3 . -3 _ )
@ = 2.28 X 10 “rad/in. (90 X 10 ‘rad/m) 3> W 5.3

b) End of Buckling Range :

g, = 4.47 X 10™% rad/in. (176 X10 ’rad/m> —=> g = 10.1

This approach, even though it contains several uncertainties
(especially regarding the material properties) and
simplifications (the influence of the top moment on the
displacement ductility was neglected), seems appropriate for the
case at hand. Note that Egqs.6.2 and 6.3 assume constant curvature
along the plastic length Lp. Actually, cracks will develop
throughout the column and a detailed study of the bond stress
distribution between cracks as well as at the foundation is
necessary. An approximate analysis of the effects of bond
slippage at the foundation and in the column region adjacent to
the main crack has been conducted (Appendix F). More refined

studies are underway.

The initiation of buckling will be close to the first value

of @ given above (2.28 X 10"3rad/in. = 90 X102 rad/m), which

gives a displacement ductility Mg in the range of 4 to S

depending on which material property case |is considered.
2)_Second_Approach. The canopies were able to undergo lateral
displacement of at least & in (15.2 cm) without failure. This is

the distance that separated the canopies from the adjacent

G
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classrooms. Assuming that this displacement is an upper bound
for v’ and using for vy the value of 1.2 in. (30 mm), /LS = 5

has been estimated. Figs. 6.1 and 6.2 show an egquivalent
displacement at yield that varies from 1.1 in. (29 mm) to 1.3 in.
(32 mm) in the case of the linear elastic/perfectly plastic

resistance function.

6.3 Estimation of EPA

6.3.1 First Stage : Estimation of PGA by Procedure Proposed by
V.V.Bertero, S.A.Mahin, and R.A.Herrera (Ref.4). The procedure
consists of first determining the value of 1] based on estimated
values for the period, damping, and displacement ductility of the
structure (refer to graphs in Figs. 6.4 and 6.5). A value of T =
0.50 sec was used for all cases in the first stage of the
analysis; damping ratios equal to 2% and 5% were considered. Once
vz is determined, the value of the maximum ground acceleration

PGA can be computed using the following equation @

P

= (C )(g)/(PGAY = (R )/ (m)(PGA) (Eg.6.4)
" 4 Y 9

The value of the mass m associated with the horizontal
component of the ground motion (for the eguivalent one-degree-of-

freedom system of Fig.2.3, where v2 is neglected) is :

m=M+mL/2 = 0.065 + (3.3 x 10_5)(105/2) =

0.067 kips-secz/in. (12 kN-seczlm)

The value of RY was determined previously (Figs. 6.1 and
6.2). Thus, the value of the yielding seismic coefficient CY can
be determined for the two material property cases under

)
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consideration:

CASE M1 : R_. = M / L = 974/105

9.28 kips (41.3 kN>

C =R_/ W= 9,28/26 = 0.35

CASE M2 : R, = M / L 8007105 7.62 kips (33.9 kN)

C =R /W= 7.62/26

0.29

The required PGA’s for the two normalized records considered
in this study, El Centro and Derived Pacoima Dam, are summarized

in Table 6.1 for the different cases considered.

A damping ratio of ? = 2%, as well as the material
properties of case M2 were considered to be more realistic than
the other possible combinations. Using /LJ = 5 (as determined
previously?), and rounding to the nearest 0.05g, the following

values of PGA were obtained in the first stage of the studies:

- For El Centro Record: PGA = 0.55g

- For Derived Pacoima Dam Record: PGA = 0,35g

6.3.2 Second Stage: Verification of PGA Using DRAIN-2D,

6.3.2.1_Introduction. 1Inelastic dynamic analyses were necessary

in order to accomplish the following main goals:

1> Study the variation of the response of the canopy using
different types and intensity scaling of earthquakes (both the El
Centro and the Derived Pacoima Dam type of records were used,

normalizing the acceleration intensities as regquired).
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2 Determine the influence of the rotational degree of
freedom (vz in Fig.2.3) on the canopy’s response. For this

purpose, both SDOF and 2 DOF models were used.

3) Verify the results obtained in Section 6.3.1 referring to

the determination of PGA.

4) Determine EPA by the "Clipping Method” described in

Section 6.3.3.

S) Determine the influence of several parameters on the
canopy’s response. Among these parameters are:
a) Column stiffness EI (uncracked, cracked, etc.?
b) Material properties, concrete cover and axial load.
These affect mainly the value of R and thus

Y
influence the inelastic response.

____________________________ - DRAIN-2D is an inelastic
dynamic analysis computer program for two dimensional structural
systems (Ref.5 ). The program uses the direct stiffness method;

also, a step-by-step dynamic analysis for inelastic structures is

~
performed.

The program can handle different types of structural
elements; in this case, a beam-column element was used. This type
of element may be briefly described as having variable cross
section and strength and the ability of yielding through the
formation of concentrated plastic hinges at its ends. Variable
flexural yvyielding, as affected by axial force, can be
incorporated by using an interaction axial force-moment diagram.

In this case, however, an elastic/perfectly-plastic curve for the
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moment rotation relationship under a constant axial load of P =

26 kips = 116 kN was used.

The sign convention for displacements and forces used in the

DRAIN-2D analyses is illustrated in Fig. 6.6.

6.3.2.3_Summary_of Response_Results. Tables 6.2 to 6.5 summarize

the main results obtained from the analysis conducted to

determine the effect of using SDOF and 2 DOF models. Analyses of

these results permit to judge the validity or degree of
approximation on the value of PGA as derived in 6.3.1,
considering SDOF systems only . Time history responses obtained

are given in Appendix G.

As was pointed out before, since failure was due to the
buckling of the main flexural reinforcement at the base of the
column, the parameter which best defines failure of the canopy is
the rotation at the critical region at the base of the column,
rather than the displacement at the top of the canopy. However,
as Tables 6.3 to 6.5 indicate, the maximum value of the plastic
§9tation at the base of the column and the maximum top nodal
displacement are related. Either these two maxima occured at the
same time or the value of the top nodal displacement was close to
the overall maximum displacement value (within 5%) at the time

when the maximum rotation occurred.

Table 6.2 summarizes the results obtained for material

properties Case Ml. For a 2 DOF model and EI = 5.4 X 106 k-in2

(15500 kN—mz), i.e. close to the uncracked transformed section,

several analyses of both El Centro and Derived Pacoima Dam ground

motions were performed using different intensities to obtain an
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estimate of the PGA. Assuming a value of vu= 3.5 in. (90 mm) as
the displacement which caused the failure, {(see Section 6.2.27,
the resulting values of maximum ground acceleration wers

(interpolating from Table 6.2):

PGA

0.45 g , for Derived Pacoima Dam Record

PGA

0.70 g , for El Centro Record

Becausse it is belisved that the actual material properties
are better represented by Case M2 (f'c = 2.5 ksi = 17 MPa; fy =
40 ksi = 280 MPa), further investigations concentrated on this

cage.

6.3.2.4_Comparison_of SDOF_and_ 2DOF_Models. Tables 6.3 to 6.5
give a summary of the main response results considering SDOF and

2D0OF models with material properties classified as case M2. (The

corresponding time history responses are given in Appendix G).

Table 6.3 summarizes the main results obtained when the
influence of using a SDOF or a 2DOF on response was investigated
far different stiffnesses EI and using the Derived Pacoima Dam
ground motion record (scaled to a PGA of 0.35g). As far as
maximum displacement is concerned, the results indicate that the
maximum difference between the results of the two models is on
the order of 25%. Larger values were obtained for the SDOF model
than for the 2DOF model (except for one case in which the 2DOF
model’s maximum displacement was larger than the SDOF one by less
than 5%). Time history response studies indicate that the mass
moment of inertia not only affects the maximum displacement but

also influences the displacement pattern and the moment at the
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top of the columns of the canopy. This moment reaches a value of
460 k-in (52.0 kN-m?), close to the moment at first yielding of

steel: 612 k-in (69.2 kN-m).

Tables &.4 and 6.5 show the results obtained using the El
Centro ground motion scaled to a PGA of 0.50g and 0.55g,
respectively. It is observed, from these tables that the maximum
displacement for the SDOF and 2DOF models differ by about 20%,
giving larger values for the SDOF model. However, a much larger
discrepancy in maximum displacement, namely 51%, is observed in
the case that the canopy is subjected to the El1 Centro ground
motion normalized +to a PGA of 0.55g and EI is assumed cracked
(Table 6.5). There 1is also a considerable variation in the
displacement pattern of both models. The values of the top moment
are very high (745 k-in = 84.2 kN-m for the 0.50 g case and 800
k-in = 90.4 kN-m for the 0.55 g case). This not only indicates
that the rotary moment of inertia is important, but it also shows
that it can induce yielding at the top of the column forcing it
to its maximum capacity. The shear considering the 2DOF model was
ds much as 68% higher than the one from the SDOF model. These
results indicate once again, at lesast conceptually, the
importance of a capacity design for shear purposes even though in

this case shear did not seem to be a problem.
Tables 6.6 and 6.7 list the maximum displacements obtained.

From the studies conducted during the second stage, the

following conclusions are drawn:

1) The value of the stiffness EI is an important parameter.
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The actual EI seems to be closer to the value of the cracked
section, i.e. 2.62 x 10° k-in? (7520 kN-m2). This is due to the
fact that after the first seconds of the earthquake the section

cracks on both sides.

2> For the SDOF model and for EI approximately equal to the
stiffness of the cracked section, a maximum displacement of
approximately 4 in. (102 mm) was obtained for both the El Centro
ground motion normalized to 0.55g and the Derived Pacoima Dam
ground motion normalized to 0.35g. For the 2DOF model, the
Derived Pacoima Dam record normalized to 0.35g yields the same
value, whereas the El Centro record normalized to 0.55g only
yields 2.8 in. (71 mm)>. These results indicate that the charts
proposed by Bertero et al., which were developed for a SDOF
model, do not work well for 2DOF systems, particularly for
earthquake motions such as the El Centro ground motion. It is
therefore important for future research to study the possibility
of finding a generalized SDOF system that gives the same results
as the ones given by the 2DOF system. This might be achieved by

proper selection of the 3SDOF shape function.

3> The contribution of the second mode of vibration is
important, particularly if the predominant frequency of the
ground motion is close to the canopy’s second mode fregquency.
This mode affects the following response parameters:

a)> The maximum value of vy e which can be affected by as
much as 51%, the value of the SDOF model being larger. Both
positive and negative values and the time of occurrence are

affected.

b) The value of permanent displacements at the end of the

>
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garthquaks excitation: significantly different values were
obtained for the two models (Figs.&.7 and 6.8), being the values
for the SDOF larger.

c) Time history response of shear and moments: both patterns
and maximum values are affected. Note that the maximum possible
shear for the SDOF model is Mnax/L' while for the 2DOF it is

2M /L.
nax

4) Since the results which are based on a SDOF model will
give reliable results only for certain types of earthquakes,
particularly those whose frequency content will not excite the
canopy’s second mode of vibration, it is considered that the
assumption of a SDOF model is not correct as it depends
significantly on the type of earthquake ground motion exciting
the model. Therefore, it is NECESSARY to use a 2 DOF model for
further inelastic analyses. Except for the shear, the SDOF model
in general resulted in larger response. Only in one of the cases
studied did the maximum values for displacement and plastic hinge
rotation at the base for the ZDOF model exceeded those for the

sDoF model, but the difference was less than 5.

5> The results of the analyses show that in order to attain
a vu of 4 in., (102 mm), the PGA required should be close to 0.35g
for the normalized Derived Pacoima Dam record and 0.65g for the

normalized El1 Centro 1940 record.

6.3.3 Third Stage: Estimation of EPA by the “Clipping Method”

6.3.2.1 Introduction. In the third stage of the studies, DRAIN-

2D was used to carry out time history analyses of the response of
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the 2DOF model when subjected to the twe earthquake ground
motions discussed above. The peak accelerations of these motions
were clipped in order to study the influence that such clipping

has on the response of the canopy models.

In analyzing the variations of the time-history of the
ground motions and the displacement response, the time at which
the maximum displacement occurred can be determined and the peak
of the ground acceleration which coincides with this displacement
can be identified. It is then possible to estimate how much the
ground acceleration record can be clipped without significantly

decreasing the maximum response of the canopy.

It should be noted that clipping the recorded peak ground
accelerations will not necessarily result in a decrease in the
response of the structure. Clipping may well result in an
increase in response! When the clipped peak ground accelerations
occur earlier than the critical pulse(s) of the unclipped record
which induce the maximum " the clipping operation might modify
Epe response of the structure in such a way that the response
values, at the time the critical pulse begins, favor a further
increase in displacement due to this critical pulse. The clipping
process should continue until the maximum displacement begins to
decrease. The peak acceleration of the clipped <(or wunclipped)
accelerogram for which the maximum displacement occurred is
considered to be the EPA for the case (structural model) and

earthquake under consideration.

6.2.3.2 DRAIN-2D _Results. Tables 6.8 and 6.9 give a summary of

the most important displacement peaks obtained during the time
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history response of the 2DOF canopy model to both the E1 Centro
ground motion (scaled to a PGA of 0.55 g) and the Derived Pacoima
Dam ground motion (scaled to a PGA of 0.35 g) and for two values

of stiffnesses EI (uncracked and cracked).

Table 6.10 is similar to Table 6.9 but applies to the case
of the canopy being subjected to the actual El Centro Record (PGA
= 0.359), rather than to the normalized El Centro (PGA = 0.55g>.
Time history responses are plotted in figures included in

Appendix H,.

Tables 6.8, 6.9, and 6.10 define six main cases, each of
which will be considered separately in order to gain a better
understanding of the behavior of the canopy. These cases should
not be confused with the material property cases M1 and M2
referred to previously. The six cases are based on material

properties case M2.

Fig.6.9 shows the time history earthquake ground motions

used for cases 1 to 6. A numbering of the significant peaks has
-
been made; reference to the peak numbers will be done in the

description of seach of the cases.

(1) Cases_1 (Canopy’s 2DOF response to El Centro Record,

normalized to a PGA of 0.55g, Fig.6.%9a, considering:

EI = 6.28 X 10° k-in% = 18000 kN-m? ;
M, = 800 k-in = 90.4 kN-m ;
T1 = 0.46 sec ; T2 = 0,11 sec)

As may be seen from Table 6.8 and Fig.6.10, the maximum

displacement occurs at a time t = 12.21 sec. Looking at the El



Centro earthguake record normalized to a PGA of 0.55g (Fig.6.%a’,
it 1is seen that peak No.l17, which has a relative maximum peak
acceleration of approximately 0.20g, is the one that gives rise
to the maximum displacement of 2.2 in. (55mm) in the case without
clipping (Fig.6.10). It would seem logical, at first, to expect
that clipping the earthgquake record up to the maximum value of
peak No.17 (0.20g? would give approximately the same result.
However, from an analysis of the obtained displacement time
histories (Figs.6.10 and H.1A to H.1lE)>, the importance of peaks
No.2 and 3 (Fig.6.9a) is apparent. The first clipping (down to
0.36g, case 1B) does not affect peaks No.l and 2; however, as
peak No.3 is “clipped”, the displacement response is
significantly affected. The new clipped pulse No.3 induces a
significantly smaller incremental (change in) displacement than

the unclipped pulse.

From Fig.6.10 it can be seen that the displacement at the
end of pulse No.2 (Fig.6.%9a) is 1.9 in. (49 mm>, Due to the
unclipped pulse No.32, the displacement reversed to a value of
1.3 in. (-33 mm>; on the other hand, due to the clipped pulse
No.3 it reversed to only -0.7 in. (-17 mm). Even though the peaks
following peak No.3 are only slightly changed, and thus the
relative response does not change much (i.e. the curves are
practically the same except for a shift from -1.3 in. to -0.7 in.
from this point on), the total displacement now differs by about
0.6 in. (16 mm), yielding larger positive displacements for the
case with clipping. Looking at it from another point of view, the
initial conditions of the canopy model, when pulse No.17 started,

were significantly affected by the <clipping process. These
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initial conditions, when the acceleration record was clipped,
favored an increase in displacement during pulse No.17.
Therefore, it 1is not surprising that up to a clipping value of

0.32g, the response is increased.

Further clipping (say to 0.28g or less) results in smaller
displacements as other peaks are also affected (in particular,
the fact that peak No.2 is clipped causes a decrease in the
response?). It should be clearly noted that the clipping process
has increased the peak displacement response but it has not
increased the maximum total incremental displacement or cyclic

displacement.

(2) _Cases_2 (Canopy’s response to El Centro Record, normalized to

a PGA of 0.53g, Fig. 6.9a, considering:

6 2

EI 2.62 X 10 k-in = 7520 kN-m2 H

X
n

800 k-in 90.4 kN-m ;

-3
| ol
n
-e

0.72 sec T, = 0.18 sec)

2

For the unclipped case, the maximum displacement is
dontrolled by peak No.2 (which occurred at a time just short of 2
seconds). However, the displacement due to peak No.13 is just a
little smaller than the maximum displacement (Figs.6.11b and

H.28).

Clipping peak No.3 introduces significant changes in the
subsequent response since it forces the negative displacement due
to peak No.Z2 to remain smaller than that in the unclipped case
(for example, for a clipped acceleration of 0.284g, the

displacement 1is -0.4 in. = -9 mm after peak No.3, rather than
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-1.2 in. = -34 mm for the unclipped case, Fig.6.11b). As a
result, the displacement curve is shifted upward and peak No.1l2
forces the canopy to displace 4.1 in. (104 mm), which is the
maximum response value. It is thus seen that clipping can cause
the maximum displacement to occur at a different instant and to
be larger than in the unclipped case (in this case, by almost

S50% ).

From analysis of the time history response (Figs. H.2a4 to

H.2D)> it has been observed that:

A) The rotation at the top node of the canopy is not small
(almost ©0.05 radians). Also, the pattern of the rotation time
history response is similar to that of the displacement response
which was described above. Therefore, the difference between
rotation time history patterns in the unclipped and clipped cases
can be explained in a similar way to that presented for the

displacements.

B) The bottom moment reaches (or is close to reaching)

x}elding at almost every cycle.

C) The value of the top moment reaches its maximum capacity
(800 k-in = 90.4 kN-m) at a time close to S5 seconds. At a time

equal to about 2 seconds, the top moment is also very large.

D) The shear also attains high values (of approximately 12.1
kips = 53.8 kN), higher than the maximum capacity of the SDOF
model (H.QX/L = 7.61 kips = 33.9 kN), and close to the maximum

capacity of the 2DOF model (znmux/L = 15.2 kips = 67.6 kN).

It should be noted that the predominant frequency of the El



Centro ground motion is approximately 1.4 cps (Fig.6.12, Ref.15),
which results in a period of 0.71 sec. This value is very close

to the period of the first mode of the canopy (0.72 sec).

(3) _Cases_3_and_4 (Canopy’s Response to the Derived Pacoima Dam

Record, normalized to a PGA of 0.35g,
Fig.6.9b, considering:
Hy = 800 k-in = 90.4 kN-m ;

Case 3: EI = 6.28 X 106 k—in2 = 18000 kN-m2

-e

T1= 0.46 sec H T2= 0.11 sec

2.62 X 106 k—in2 = 7520 kN-m2

Q
o
n
0
B
tm
]
"

T,= 0.72 sec ; T2= 0.18 sec)

For the Derived Pacoima Dam Record normalized ¢to 0.35g
(Fig.6.9b), it was not possible to do any *“clipping®” since a
smaller displacement value was obtained for just a small amount
of clipping. This was the case because the long duration pulses
of the ground motion, particularly the pulse corresponding to
peak No.2, controlled the response. This pulse induced the
maximum displacement of the canopy and therefore any clipping of

s

the peak affected the response (see Fig.6.11d).

Because case 3 considers a much more rigid structure than
case 4, it resulted in a much smaller maximum displacement. Also,
the displacement patterns for cases 3 and 4 are different (as
expected) and the maximum displacement occurs at different
instants (see figures Appendix H, cases 3 and 4>. It should be
noted that although the maximum displacements for cases 4 are
larger than those of cases 3, the maximum displacement ductility

ratios are somewhat smaller. This emphasizes that deformations
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should not be confused with ductility ratio.

The resulting rotations have approximately the same

magnitude as those obtained in the El Centro 0.55g case.

Yielding at the bottom of the canopy is mainly a consegquence
of peaks No.l and 2. Note that soon after these peaks occur, the
canopy Yields continuously (i.e. the bottom moment is constant
and equal to the moment at yield) for approximately 0.35 seconds.
After a time egual to 5 seconds, almost no continuous yielding is
obtained, i.e. as soon as yielding occurs, the value of the

moment starts to decrease.

The values obtained for the top moment are not very large
(they reach approximately 430 k-in = 48.6 kN-m, i.e. about half
its moment capacity?. This is due to the fact that the Derived
Pacoima Dam ground motion does not excite the second mode of
vibration very much. As a consequence, the maximum shear reaches
a value of about 9.9 kips = 44.1 kN, barely exceeding the SDOF
maximum of 7.61 kips = 33.9 kN, and is well below the 2DOF

Maximum of 15.2 kips = 67.6 kN.

(4) Cases_5S_and_6 (Canopy’s Response to Actual El Centro Record,

PGA egual to 0.35g, Fig.6.9c, considering:

MY = 800 k-in = 90.4 kN-m ;

Case 5S: EI = 6.28 X 106 k-in2 = 18000 kN-m2 :
T1= 0.46 sec H T2= 0.11 sec
6 4 2
Case 6: EI = 2.62 X 10 k-in" = 7520 kN-m :

T.= 0.72 sec T2= 0.18 sec)



It was initially found that in order to attain the observed
performance of ¢the canopy it was necessary to normalize the
actual El1 Centro record (with PGA=0.35g) to a PGA of 0.55g.
Furthermore, it was found that by applying the clipping process
the EPA could be reduced from a PGA value of 0.55g to 0.32g,
which is smaller than the actual recorded PGA of 0.35g. Because
of these reasons, it was decided to perform additional analyses

by clipping the actual El Centro ground motion.

Since the value of PGA was reduced (from 0.55g to 0.35g),
but the Ry was not (i.e. the ratio RylPGA was increased), it is
of interest to study what the effect of the increase of this
factor is on the amount of clipping that is possible. Would the
ratio of EPA to unclipped PGA be maintained if the ground motion
record is 1initially normalized to different acceleration

intensities or if different values of EI’s are used?

Case_5: This 1is similar to Case 1 in that the maximum
displacement occurs at approximately the same time and in that
the clipping process is controlled by peak No.3, Figs.6.9, 6.10
dnd 6.13. However, once clipping was applied at a level of 0.20g
in the case 5, it was noticed that further clipping (to 0.15Sg)
started to reduce the peak No.13, and this affected significantly
the response at later times. From the performed analyses it
appeared that a value of 0.16g is a good estimate of the EPA (see
Figs. H.S5A to H.SD). Furthermore, it should be noted that for a
large range of clipping (0.25g to 0.16g) the value for the
maximum v1 remains the same, 1.7 in. (43.2 mm). It should be
noted that the EPA of 0.l16g is obtained on the assumption that

the parameter controlling damage is the peak displacement v If
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what is important is the maximum total cyclic displacement then

the EPA is actually 0.35g.

Note that the ratio (EPA/PGA) for the actual recorded El
Centro accelerogram is 0.16/0.35 = 0.46, while for the El1 Centro
ground motion normalized to 0.55g this value is 0.32/0.55 = 0.58.
This fact gives additional ideas on the complexity of estimating
seismic risk by a parameter such as EPA. 1In other words, the
amount of clipping depends not only on the type of earthquake but
also on the way that the acceleration record 1is scaled or
normalized. Furthermore, as pointed out before, it also depends
on how the damage is measured, i.e. in terms of peak
displacement, cyclic deformation, accumulated deformation, or

energy dissipation,.

Case_6: Up to about 2 seconds, the displacement response is
almost the same as for the uncracked case 5 (Figs.56.13 and 6.14).
Peaks No.2 and 3 (Fig.65.9c?) are again the controlling ones: while
peak No.2 makes the structure just reach yielding in Case 6, it
ﬂgkes it yield for a longer time in case 5. The result 1is to
obtain very different negative displacements just after peak
No.3:! -2.4 in. (-60 mm) for case 6 and only -1.0 in., (-26 mm) for
case 5. After this, the response is also very different for these
two cases, the main reason being the difference of period of
vibration of the structure (0.46 sec for Case S, 0.72 sec for

Case 6) vs. the predominant period of the earthquake

(approximately 0.71 sec, Fig.6.12).

Maximum displacement values vu (2.6 in. = 67 mm), occur at

a time t = 12 seconds. This maximum displacement is mainly due to
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the inelastic deformations triggered by the pulses corresponding
to peaks No.Z2 and 3, even though the maximum occurs after the
pulse corresponding to peak No.l6. It was not possible to do any
clipping of the record as peak No.3 (the largest) is the most

important one. Therefore, the ratio (EPA/PGA) = 0.35/0.35 = 1.00,

Even though the top nodal rotation, top moment, and shear
values are not too large, they cannot be neglected as they have
maxima close to 0.035 rads., 606 k-in. = 68.5 kN-m, and 11 kips =
49 kN, respectively. Again, the importance of the rotational

degree of freedom is emphasized.

Another interesting comparison is relative to Cases 2 and 6,
Figs.6.11b and 6.14. This refers to the effect of clipping on
finding the EPA for the El Centro ground motion normalized to
0.55g and for the same record without any normalization (i.e. as

recorded, with a PGA of 0.35g).

First of all, note that while the El Centro normalized to a
PGA of 0.55g could be clipped to an EPA of 0.28g, no clipping of
the actual (recorded) El Centro ground motion is possible without
decreasing the canopy’s response. Therefore, while the EPA for
the actual recorded accelerogram is 0.35g, which is somewhat
larger than the EPA of 0.28g corresponding to case 2, it induces
a much lower displacement (2.6 in. = 67 mm vs. 3.9 in. = 100
mm) ., The displacement pattern is also different. Three
substantial reversals are obtained for Case 2 (at approximately
seconds No. 2, 5, and 12) while only one large reversal is
observed in Case 6. This may be one reason for not being able to

clip Case 6 since the only peak that significantly affected the

u
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canopy’s response was that at a time t = 2 seconds. Note also
that the maximum displacement for Case 6 occurred in the negative
direction, while for Case 2 it was positive. It is also important
to note that the values of the top and bottom moments were higher
for Case 2 (Appendix H, cases 2 and 6). These results point out
the serious distortions in damage potential that can be
introduced by the very common practice of normalizing recorded

accelerograms to a quite different PGA.

The main results of Tables 6.8 and 6.9 are summarized in
Table 6.11. From the values presented in this table, it is clesar
that the response obtained for both the El Centro ground motion
normalized to 0.55g, and then clipped to its corresponding EPA
(i.e. to the value that gave maximum displacement response), and
the response to the Derived Pacoima Dam ground motion normalized
te 0.35g, is similar. This happened for both EI’s considersd.
Specifically, for EI = 6.28 x 106 k—in2 = 18000 kN-m2
(uncracked?, both the El Centro ground motion normalized to
0.55g and then clipped to 0.32g and the Derived Pacoima Dam
g?ound motion normalized to 0.35g and unclipped gave maximum
displacement values of approximately 2.8 in. (70 mm). Therefore,
the EPA is approximately 0.32g for the El Centro normalized to
0.55g and 0.35g for the Derived Pacoima Dam to 0.35g, i.e. very
close. The same comments apply for EI = 2.62 x 106 k-in2 = 7520
kN-m2 (cracked). The EPA is approximately 0.28g for the El Centro
normalized to 0.55g and 0.35g for the Derived Pacoima Danm
normalized to 0.35g. 0Of course, the maximum displacements

obtained , 2.9 in. (100 mm)>, were larger than those of +the

uncracked member.



Two important observations can be made at this time:

1> Independently of the EI’s and the type of earthquakes

used, similar EPA’s were obtained. They range from 0.28g to

2) The displacement response patterns (not only the peaks)?
of the 2D0OF canopy model were very different for the two values

of EI considered.

It is believed that as far as the study of the maximum
displacements 1s concerned, an EI value of 2.62 x 106 k-in2 =
73520 kN-m2 (cracked) is closer to the actual one. This being the
case, the obtained maximum lateral displacement response (: 3.9
in. = 100 mm) matches very well the maximum given by the lateral
resistance function estimated in Fig.6.2, which has an EI close
to the stiffness of the cracked section also. Fig.6.11 summarizes
the results for Cases 2 and 4 (corresponding to the El1 Centro

ground motion normalized to 0.55g and the Derived Pacoima Dam

normalized to 0.35g for clipped and unclipped cases).

6.3.4 Elastic vs. Inelastic Analyses. The main purpose of
performing dynamic elastic analyses of the canopy was to
investigate the effect of clipping on the 1limit state under

consideration.

The studies concentrated on the 2D0OF model of the canopy,
using the material properties case MZ, EI cracked, and a damping
ratio of 2%. O0Only the El Centro earthquake record was used in

these studies.
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Elastic analyses were performed using the computer program

SAP IV (Ref.16).

canopy subjected to the El Centro ground motion with a PGA of
0.55g, wunclipped (Fig.6.15). This has to be compared with the
results obtained from the inelastic analyses (Case 2A, Fig.6.1l1

and Table 6.8).

The first difference lies in the maximum displacement
response. The elastic case gives a larger maximum displacement,
both in the positive direction: 4.3 in. (110 mm) vs, 2.8 in. (70
mm) and in the negative direction: 3.5 in. (90 mm) vs. 1.6 in.

(4C mm) .

The displacement pattern obtained from the elastic analysis
is gquite different from that obtained in the inelastic behavior.
In the elastic case many displacement reversals (of the order of
%;5 in. = 114 mm on the average) are observed throughout the
response of the canopy with one extremely large full reversal of
7.8 in. (200 mm) at a time shortly after 2 seconds. (Recall that
in the inelastic case only three significant reversals occurred
with values of approximately 3.9 in. = 100 mm)>. The elastic
response is of the harmonic type and El1 Centro’s predominant
period (approximately 0.71 sec) is very close to the period of

the canopy’s first mode (0.72 sec.)?, indicating proximity to the

resonance phenomenon .



to_0.55g_(Clipped Cases). Fig.6.16 illustrates the effect of
clipping the El Centro ground motion normalized to 0.55g on the
elastic response of the canopy. As it is seen from this figure,
no clipping was possible without decreasing the maximum response

(i.e. the EPA for the elastic case is the same as the PGA; in

this case:! 0.55g».

It has been pointed out previously that clipping from 0.55g
to 0.28g was possible in the inelastic case and this last valuse
increased the maximum displacement response from 2.8 in. (70 mm)
to 4.1 in. (104 mm)>, Fig.6.11. Note that the latter value is
close to the maximum value obtained for the unclipped elastic

case, i.e. 4.3 in. (109 mm).

Table 6.12 summarizes these results and indicates that if a
displacement value in the range (3.9 in. - 4.7 in.) (100 mm - 120
mm) is to be obtained, the EPA in the elastic case is 0.55g and
in the inelastic case it is 0.28g. These quite different results
stress the fact that use of elastic linear analysis cannot give a

good representation of the actual inelastic behavior.
P

Ground_Motion. The elastic response to the actual (unnormalized)
El Centro ground motion, with a PGA of 0.35g, can be obtained
from Fig.6.15 with the appropriate proportionality factor

(0.35/0.55) = 0.64.

Comparing the inelastic case (Case 6, Fig.6.14) with the

elastic case, the following observations are made:

1> The displacement pattern is quite different. In the case



of inelastic behavior the displacements are completely shifted to

the negative side,

2) The maximum displacements in the two cases are: in the
elastic case: 4.3 X 0.64 = 2.7 in. (69 mm), positive value; and

in the inelastic case: 2.6 in. (66 mm), negative value.

3) It was not possible to clip the recorded PGA without
decreasing the elastic displacement response. Therefore, the EPA
is egqual to 0.35g9 in both cases (elastic and inelastic case 6)
vyielding approximately the same maximum displacement vu (in

absolute value).

6.4 An Alternative Approach to Estimate EPA.

Rather than first finding the PGA that will produce the
observed damage (deformation) » normalizing the recorded or
selected ground motion to the found PGA, and then clipping the
normalized record, as discussed and used above, the following

alternative approach is suggested:

s

1> Clip the selected recorded ground motion (accelerogram)
in order to find the EPA for such accelerogram corresponding to

the model (structure) under consideration.

2) Normalize the clipped ground motion to an intensity that
is capable of producing the observed damage (deformation). The
maximum value of this normalized and clipped ground motion is the

final EPA for the accelerogram and structure under consideration.

It is important to mention that this procedure may not give

L
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the same results as those given by the procedurs used in this
report. Since the clipping process depends on the level of
accelarations of the sarthqguake, it may very well be that once
clipping is done for the unscaled earthquake ground motion, it is
distorted in such a way that its normalization to obtain a
specified deformation may be different than the EPA as obtained
previcusly. Furthermore, eoven after clipping and normalization is
done, it may also be possible that by clipping this normalized
ground mnotion the response might increase or remain the sane.

Thus a new process of clipping should be tried.



VITIT . SUGGESTED INELASTIC DESIGN
RESPONSE SPECTRA

7.1 Introduction

The second main objective of the research reported herein
has been to attempt to formulate a design earthquake, in terms of
design response spectra, that can be used for adequately
retrofitting existing building structures and/or design of new
buildings. This is a complex problem and only an approximate

solution is offered herein.

In ‘proposing the design spectra, it was initially intended
to use the method proposed by Newmark and Hall (Ref.17). However,
due to the following uncertainties and deficiencies of this

method, it was decided to use another one.

1) _Damping__and__Displacement Ductility. The Newmark-Hall
Method becomes in general less conservative as the values of the
specified ductility and viscous damping are increased (Ref.18).
Veletsos, ét al. (Ref.19) indicate that the method does not work
wall for damping ratios in excess of 5%, The effect of
displacement ductility and damping ratio on the design response

spectrum 1is accounted for in a better way by the statistical

approach suggested by Riddell and Newmark (Ref.20).

2) _Elastic/Perfectly Plastic_Idealization. Studies indicate

that “stiffness deterioration and moderate amounts of deformation
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hardening generally appear to have small effects on ductility
demands of SDOF systems. Moderate amounts of deformation
softening, however, were found to substantially increase

ductility demands in several cases' (Ref.18).

3)___Ground__Motion_ Characteristics. The effective  peak
acceleration, EPA, was estimated to be in the range of 0.28g to
0.35g. The influence of the ratio V/A (maximum velocity/maximum
acceleration) on the determination of the response spectrum is
very important (Ref.18). For near-fault ground motion records, as
is the case of El-Asnam during the 1980 Algeria earthquake,
severe long-duration acceleration pulses and high values of
maximum velocity frequently occur. For example, for the Derived
Pacoima Dam record the maximum velocity is 42.1 in/sec. This
yields a value for V/A of 42.1/.40 (105 (in/sec)/g)>, which is

more than twice the value for the El Centro earthquake, with V/A

= 48 (in/secl/g.

7.2 Elastic Design Response Spectra (EDR3)

e
Rather than directly obtaining the peak velocity and

displacement from an earthquake and then using the Newmark & Hall
coefficients to obtain the slastic design response spectrum
(EDR3), it was decided to directly obtain the EDRS from the
earthquake ground motion. The EDRS for the El1 Centro ground
motion normalized to 0.55g and clipped to 0.28g was computed for
two different damping ratios (2% and 5%). This is shown in
Fig.7.1. The linearization of these spectra is performed by
drawing the 1lines "by eye™ and is not based on any regression

analysis or other formal procedure. The latter are not justified
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by the degree of uncertainty in the data. The linearized EDRS for
this earthquake is defined by a maximum displacement, velocity,
and acceleration of 20 in. (510 mm2, 60 in./sec (1520 mm/sec),
and 1.60g, respectively, for 2% damping and 1€ in. (410 mm), 45

in./sec (1140 mm/sec), and 1.2g, respectively, for 5% damping.

These values are reascnable for the El Centro type of
motion (normalized to 0.35g and clipped to 0.28g). The Derived
Pacoima Dam ground motion normalized to 0.35g gives approximately
the same values for acceleration and displacement but larger
values of velocity: 88in./sec (2240 mm/sec) and 70 in./sec (1780
mm/sec), for damping ratios equal to 2% and S%, respectively.
(This values were obtained from normalizing the maximum values
given in Ref.21 by the factor 0.35g/0.40g)>. With these values,

the EDRS becomnes:

A) For 'f

2% :
- constant displacement ! 20 in. (510 mm)
- constant velocity ! 88 in./sec (2240 mm/sec)

t,constant acceleration ! 1.60g

B) For § = 5% :
- constant displacement ! 16 in. (410 mm)
- constant velocity ! 70 in./sec (1780 mm/sec)

- constant acceleration : 1.20g

Fig.7.2 shows a comparison of the EDRS obtained using the
previous values and the EDR3 obtained using the Newmark and Hall
Method (Ref.17). In the latter, a peak ground acceleration of

0.28g has been used and the maximum values for ground velocity
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and displacement are obtained to be 13.4 in./sec and 10 1in.,
based on the &ssumption that the peak acceleration, velocity and
displacement are in the ratio 1.0g, 48 in./sec, and 36 in. With
these values, the EDRS is defined by maximum displacement,
velocity, and acceleration of 18 in., 38 in./sec, and 1.20g for

2% damping and 14 in., 25 in./sec, and 0.73g for 5% damping.

From Fig.7.2 the following ceonclusions can be drawn on the

EDRS:

1> The use of the Newmark & Hall procedure leads to results
which are different (and on the unconsservative side) to the ones

given by the2 method proposed in this study.

2 In the low period zone (up to about 0.1 seconds), the
difference in these spectra is large but not important for

practical purposes.

3) The difference in the values for maximum acceleration
for both EDRS methods is substantial, giving lowsr values for the
Newmark & Hall method. For periods between 0.1 and 0.5 seconds,
the difference is on the order of 50%; for higher periods, the

difference may be as high as 400%%.

4) In particular, the high values of the maximum velocity
in the EDRS (as given often for near-fault type of earthquakes)

is not accounted for in the Newmark & Hall method.

S) The values of maximum displacement given by the two

methods is similar.

6) Due to the previous reasons, the EDRS proposed herein
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corrasponds to the one obtainsed in this study (and not to the
Newmark and Hall approach) and will be referred to simply as EDRS

in the parragraphs that follow.

7.3 Inelastic Design Response Spectra (IDR3)

The IDRS is derived based on the approach by Riddell and
Newmark (Ref.20)>., It is obtained by applying ‘“deamplification
factors ¢u" to the EDRS. For the two values of damping ratios
chosen (2% and 5%), and assuming an elastoplastic model with
Ms= 5, the following factors Qu are obtained from Figs.7.3,

7.4, and 7.5.

w
A) For Yy = 2% @

¢u = 0.165, 0.18, and 0.29 corresponding to the

displacement, velocity, and acceleration regions, respectively.

Also, for the low period range, the acceleration deamplification

'0.
is given by Mg 13 = 0.81., Therefore:

- constant displacement ! 0.165 x 20 = 2.3 in. (84 mm)

- constant velocity : 0.18 x 88 = 16 in./sec (280 mm)
Vs

1]
[a]
"
[«p)
0

- constant acceleration (amplified region) ! 0.29 x 1.60g

- constant acceleration (controlled region): 0.81 x 0.28g

"
Qo
N
W

«a

B> For f

2

u

Sx

0.17, 0.23, and 0.34 corresponding to the

displacement, velocity, and acceleration regions, respectively.

Therefore:
- constant displacement : 0.17 x 16 = 2.7 in. (63 mm)

- constant velocity ! 0.23 x 70 = 16 in./sec (250 mm)

o
~
4



&

- constant acceleration (amplified region) : 0.34 x 1.20g O0.41g

- constant acceleration (controlled region): 0.81 = 0.28g = 0.22g

Both the elastic and inelastic response spectra are
presented in Figs.7.6 for damping values of 2% and S5%. The EDRS
corresponds to the one obtained in the present study (Figs.7.2).
The IDRS corresponds to the Newmark & Riddell approach applied to

the EDRS previously obtained.

If the IDRS is obtained following the procsdure adopted in
the present study, it can be observed that this IDRS is diffsrent
(on the conservative side) to the IDRS obtained with the Newmark
& Hall approach. This is because the latter IDRS is based on the
EDRS of Newmark & Hall. Therefore, the same comments done in

Section 7.2 can be made when comparing the two IDRS methods.

7.4 Remarks

It is important to mention that the EDRS proposed are based
on two earthquake ground motions, namely: El Centro 1940
normalized to 0.55g and clipped to 0.28g3 and Derived Pacoima Dam
normalized to 0.33g. Obviously, more information on the
seismicity of Algeria (i.e. larger number of earthquakes as well
as the main characteristics of earthquake ground shaking +that
actually may occur in El-Asnam) is needed to adequately propose a
design spectrum. At present, howsever, since not enough earthguake
ground motions are available, these spectra may serve as design

guidelines.

The values of maximum acceleration, velocity, and

displacement in the EDRS and IDRS are high but before more

m
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information is available it seems necessary to respect these
cv conservative estimates based on the response of the canopies to

the two earthquake ground motions mentioned above.



VIIT. SUMMARY , CONCLUSTONS , AND
RECOMMENDATIONS

8.1 Summary

The analytical studies which were conducted in order to
determine the EPA and to propose the inelastic design response

spectra were described in the previous chapters.

First, an overall description of the R/C structural system,
as well as of its performance during the Algeria sarthgquake, was
given. The analytical model used in the analysis, as well as the
estimation of the main mechanical and dynamic characteristics
were described. The influence of different parameters on the M-0
relationships and on the dynamic characteristics is then
investigated. It was concluded that buckling of the longitudinal
compressive steel bars plays an important role in estimating the
ngimum response of the canopy. This is due to the large spacing

of stirrup ties, which did not satisfy the 1982 UBC regquirements.

Two different types of earthquake ground motions were
considered: El Centro 1940 SOOE and Derived Pacoima Dam 1971
S16E, considered to be able to give upper and lower bounds on the
inelastic deformation demands. After idealizing the lateral
resistance function, the estimation of EPA was discussed. The
studies were subdivided in three steps: (1) using the Bertero, et
al. charts to estimate the PGA, (2) verifying the value of PGA

found in (1) with the aid of the computer program DRAIN-2D, and
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(3> wusing the *"Clipping Method"™, which consists of clipping a
given earthguake normalized to the PGA found in (27, in order to

study how clipping affects the response.

The values of EPA obtained for the two earthquakes were
given and the most important parameters affecting the EPA were
discussed. Although the determined values of EPA fall within a
small range (0.28g to 0.25g) for the two ground motions
considered, many uncertainties exist in the determination and use

of EPA.

Finally an inelastic design response spectrum was proposed

based on the results of the previous chapters.

The following conclusions and recommendations are drawn:

8.2 Conclusions

1.__Adeguacy_of_the_ Canopy_ Structural System. The structural
system of the canopy was conceptually inadequate for resisting
egrthquake excitations. Not only was the mass of the system large
and concentrated at the top, but the structural system had no
degree of indeterminacy in the transverse direction. The
detailing of reinforcement was also poor, the tie spacing being
the main weakness. The ties did not provide sufficient
confinement to the concrete and therefore did not ensure that the
column of the canopy had enough energy dissipation capacity.
Even more important than the lack of good concrete confinement

was the fact that the ties were separated so much that buckling

of the longitudinal compressive steel bars occurred before strain
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hardening of steel was initiated. Therefore, the moment capacity
of the column of the canopy could not develop any increase in
resistance due to this strain hardening of the reinforcement.
Neither did it give sufficient range of plastic deformation under

the constant yielding moment nor a stable hysteretic behavior.

PPN T R L L P

is an important parameter. Both the displacement response maxima
and the displacement pattern are different for the values of EI
considered. The actual EI seems to be closer to the value of the
cracked section since after the first seconds of the earthguake,

the section cracks on both sides.

3. _Modelling _of_ the_Canopy. A 2DOF model, rather than a 3SDOF
system must be considered in the analysis in order to obtain
adequate approximations of the canopy’s actual behavior. A SDOF
model gave very conservative values of maximum lateral
displacement (up to 51% higher than a 2DOF model) in all but one
of the cases considered. This case corresponds to the uncracked
canopy subjected to the normalized to 0.35g Derived Pacoima Dam,
in which the maximum displacements obtained for the SDOF and the
2DOF models were very close (2.5 in. and 2.6 in., respectively).
On the other hand, the SDOF model gave very unconservative values
of the maximum response for shear and no estimate of the moment
at the top of the column. This study confirms once more the

importance of a design against shear based on a capacity method

considering realistic models of the actual structure.

4. Estimation__of EPA. (1) Among the main parameters that

affect EPA are: a) the idealization of the lateral resistance
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function, which in turn depends on assumed material properties,
concrete cover, axial load, buckling of longitudinal compressive
steel bars and fixed-end rotation, among other factors; b)
idealization of structural system: SDOF vs. 2DOF model; c) period
and damping; d? ground motion characteristics, e) limit state
being considered, which involves deciding what constitutes
failure or unacceptable damge and what response parameter is used
to measure such failure or damage; and f) the approach used in

estimating the EPA.

(2> Because the assumed recorded ground motions (horizontal
components of El Centro 1940 SOOE and Derived Pacoima Dam 1971
S16E?) did not produce the cobserved response, it was decided to
use the following approach to estimate EPA: these ground motions
had to be normalized to values of PGA as required to induce the
assumed maximum displacement. Values of PGA of 0.55g and 0.35g,
respectively were determined in the first two stages of the these
studies. The values of EPA determined in the present
investigation <(i.e., 0.28g and 0.35g for the El Centro and
q§rived Pacoima Dam earthquake motions) were thersefore derived
from clipping distorted records, due to the normalization of the
recorded PGA, from 0.35g and 0.40g to 0.55g and 0.35g,
respectively. In other words, the original El Centro record with
PGA equal to 0.35g produces low values of canopy displacement and
therefore would not have resulted in the observed damage, 1i.e.
collapse of the canopy. Also, the stiffness EI used in the
analyses (and thus the period?), had a significant effect on the
(EPA/PGA) ratio. Thus the amount of clipping depends on the

normalization of an earthquake, as well as on the mechanical
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{dynamic) characteristics of the model.

(2) The results indicate that for the two types of ground
motion wused in this study, the EPA necessary to induce the
observed damage is in the range of 0.28g to 0.35g, provided that
the El1 Centro and the Derived Pacoima Dam records are first
normalized to 0.55g and 0.35g, respectively. This small range is
apparently fortuitous given the wide range of parameters that
affect the result. Generally, the EPA depends on: a) the type of
earthquake ground motion under consideration; b)) the interaction
of the dynamic characteristics of the ground motion and the
entire scil-foundation-structure system; c) the method used for
estimating the EPA even in the case that the clipping procedure

is used; and d)> the acceptable ductility as concluded below.

(4) The EPA will depend on the type of structural behavior,
i.e. elastic or inelastic, and in particular on the acceptable
ductility level. Although the use of EPA can provide an idea of
the relative damaging potential of a given ground motion, its use
as the sole parameter to define this damaging potential can be
Géry misleading, particularly if the original recorded ground

motions are normalized to higher PGA’s.

2. __Miscellaneous_ _Conclusions. (1) The use of the charts
suggested by Bertero st al. (Figs.6.4 and 6.5), developed for
SDOF, can lead to misleading results when used for multidegree of

freedom systems. (2) Clipping peak accelsrations of an

accelerogram does not necessarily reduce the peak response.

6. Inelastic__Design_Response_Spectrum. An inelastic design

response spectrum is proposed for the zone where the canopy was
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located (near the fault). Due to the data available, as well as
the many assumptions introduced in the studies presented herein,
the proposed design spectrum should be viewed merely as a

guideline to the solution of the design problem in Algeria.

8.3 Recommendations

l. Experimental studies on the dynamic response of the
canopy based on known material properties, detailing, and
earthquake ground motion should be conducted to obtain more
accurate data on the mechanical (static and dynamic)
characteristics of the canopy, as well as a better understanding
of the important parameters affecting the damaging potential of
an earthquake. While the .influence of bond slippage (at the
foundation and in regions adjacent to the main cracks of the
column) on the canopy’s top nodal displacement is qualitatively
recognized, it still remains to be quantitatively determined.
Experimental studies on this subject are necessary as the top
q9dal displacement is an extremely important qgquantity. Reliable
analytical modeliing of the bond slippage also needs to be

developed.

2. To establish the different parameters that can be used to
measure the damage observed in the canopy and to establish which

are most important to investigate in the experimental studies.

3. To investigate the sensitivity of the estimate of the EPA
on the different parameters used to measure damage. (It is

believed that the rotation along the critical region at the base
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of the column of the canopy is a better parameter than the roof

displacemant).

4, To investigate alternative methods of applying the
clipping procedure, such as first finding the EPA of the selected
ground motion by directly clipping the selected accelerogram, and
then (after the EPA has been found) normalizing the clipped
accelerogram to an intensity sufficient to produce the desired

damage.

S. To study the effect that other types of sarthguake ground

motion have on the value of EPA as well as on the damage to the

canopy.

6. To develop more reliable methods for formulating design
earthguakes.
-
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Moogcs of (anoey Svesecteo o EL Cewreo 1940 NoemoLized TO 0.503=

N o= A

My =8B0D k-n 2 954" 1 th, = 25.4 vawm
fe =25k = |7 MPRI MaTerial Proferﬂcs 1 ¥ =445 kN
fy =40k = 280MPa | Case M2 1 kin =013 kN-wm

Desceietion VaLUes oF Keseonse FoeameTees

oF EaerHQuALE

oy Mopuw Time oF Tor Nobal MomenT MomenT Suear Rasric Komrion
Vsep ;2;;‘:”5 DiseLacerent | a1 Bnse a1 Toe at Bpse |ar Base
(s€¢) (in) Ce-1n) (- N (x) (RAD)
EL CENTRO 1940 2.00 2.4 800 208 3.6 0.0107
s00e (0.503) 233 . -1.3 - 800 -433 -3 Fo.0018
2.24 - L? —-800 310 -0.9 0.004 ]
2 DOF mMooEL 53, ! 26 800 268 10.2 0.0153
A2.00 -1.6 - 800 83 -6.8 -0.0040
1= 26ivi0 kot | 492 -3 ' -g93 745 0.5 0.0263%
Cceacced) 5.42 2.5 1 416 528 2,0 -0.0328
522 | 24 . 800 3506 .0 0.0153
2.35 -3 - =200 -44 3 _—\_|_8_ ~0.0078
- ;
TL CENTRD 1240 ‘ ‘
sooc (0.505) A66 -1 ~ =Boo zi3 -55 —0.0032
499 24 = Bwm -303 43 0.0149
2 DOF MODEL — b —= !
2.30 -1 C =BOO —-63 -8.3 1-0,003]
E3=2.38%10 k- int l2.25 2.2 800 —-49 2 0.0132
EL CeEnTZOD 940
SooE (0.509) 196 18 B -139 6.3 0.01z]
N 2.29 -4 = Boo 38l -4.0 -0.008s
2 DOF MoDEL 439 -5 . -800 126 -6.4  |70.0089
225 —_I—g | - Boo 345 -0.5 i—0.00GB
ET = 6.28%10 w-in? 2.55 -0.4 273 A -3.] -0.00%S
(UNCRACKED) 2.48 -0.5 | 693 ¢4 124  -0.00135
2.18 -0.8 | -800 -39) -3 =009l
| ek
EL CENTRD 1940 l
So0E (0.503) .98 2.4 80 0 1.6 | 0.0154
$Pof mopel 2.28 -1.8 -B800 o) -37.6 ﬁ_o.ooaq-
E1: 3.13)&10‘ E'm‘z 12.25 _2_:: : —é-c—)—o 0] 1.6 ; 0.0138
5L conteo 1940 ;
SO0E io.soa) 195 2. 294 O 4.5 00153
Sbof MOPEL 2.25 -1.5 - Boo O -3.6  1-0.0096
a::efasv\-oéz-mi A2.45 —;——2— Soo O 1.6 0.0163
(uscenrcveDd) . I




c TAGLE 6.5 T(ME HISTDéY A’NALYSES . SUMMA¢Y or Main EispoNsu os ZDOF € SDOF

MooeLs of Canopy Sugiecreo 10 Bl Centeo Noemauzes T 0.559_’

My = 800 “ ™ = 90.4 ¥ l1in =254 mm
fe= 2seq = 13 Mfa } Mater iad frq»rkes 1k = 4.45 EN
§3 = 40¢si = 8o MPa ] Case M2 1 k-vn. = 0. 13 EN-~n
! DesceiprioN \UsLues of Resromse FParamemes
OF EAerdQuace T [
. anp Mopse Time oF i Tor NooaL | MomenT | Moment Sueae Pastic Rotarion
" Usgo 22‘:;;‘::; ;D'S""-‘W"W’g ar Bpse st Top ar Bose | ar Base
(sEc) Cin) NPT " (e-1n) ey (Rap.)
. EL CanTRD 1840 |
Scoe (0.55g) | 2.0l P 28 | 800 -208 5.6 0.0142
(2,34 .o-L3 . =890 . —432 -12. | -0,0050
| 200F mooEL 498 | -.4 | -800 133 -¢.0  [=0.0016
g 53% | 2% . goo 173 .3 0.0132
BI = 2.62 xlo‘z-w" {2.00 :l_.?_ -800 : 26 -7.4 "0'0049
(cenceep) s.42 | 2é . 28] . 59% 2.3 0.0132
422 | -l | -800 = 800 o 5.0013
C | 532 . 24  -BOO 4zs 7 0.0129
L cenmeo oo 98 | 20 Lot 104 8.6 0.014]
soce (0.559) {2.20 A , 8oo —-I56 6.1 0.0160
228 -L3 | -goo ! 173 -¢.0 -0, 0081
2 DOF  MODEL 4.40 -1.3 , -8o0 | 8% -¢.8 -0.003%
2.25 -13 . -B00 366 —0.3 |-0.00s6
2126280 -t | 2.55 -0.4 L 212 -645 -3.2 |-0.0074
(UnceAcked) — 232 -1.3 . -800 -414 —1. 6 -0.0084
2.48 -0.¢ | 80O 541 12.8 | -0.0034
! i
§L cenTRO 1940 x
soco€ (0.553) 166 :1_7-_ @ o) :ﬂ —0.0054
SPOF MoDEL 2.00 3.1 ! 800 O 3.6 0.0190
£z € 2.02910°% 1" | 538 42 . 800 O 36 0.0289
(kb eD) { ! i
| EL cewmo 1940 ! I ?
Scoe (0.559) loc 2.5 | 800 o 2.6 0.0195
SDOF MoDEL 223 —1.4 | =800 o) -36  |-00087
6 .| 3 -4 - 800 0 -3¢ |-0.0089
€1 = (.28x 10 ¥-iN i
(unceackeD ) 1213 _6 800 0 l 7.6 00201




TagLe 6.6 Dispiacement Kesponse o (anoey 1o Eu Cenymro

NoempLize0 TO 0.55a Fog SDOF anp 2DDF  MobeLs

peain -2D)\
MODEL EI el (Ou'rPuT)
DESCRIPTION (4 lO‘k-.N") (IN)
i iN, = 25.4 LR as)
2.62 4.2 1 k-w.z= 0.00231EN—N}
SDOF
¢, 28 2.6
2.6 2.8
Z200F
6.8 2.2

TasLe 6.7 Dispiocement REeseonse of Canore 1 Drenven Pacoma

Dary Noempuizeo ™ 0354 Froe SDOF ano ZDDF  MoogLs

DRaoN -2D
MODE L ET o (Ouva‘r )
DESCRIPTION (% ‘Oc ‘- wz) ()
1 v 2254 mm
j 2.2 4. 1 k'lyf_: 0.0028% kN-mz

SDOF 3,18 3.5
¢.28 2.5
2.62 3.9
2DOF 3.78 2.8
6.28 2.6




¢

C

¢

TABLE 6.8

SummarY ofF DisfuacemenT REsPonNse OF Tug 2D0F

Canopy Mopg, wren Sugiecrep ™ EL Genree NozvaLizeo TO 0559

a) CASES 1:
EI = G.ZBK[O‘ L’-a'nz l n = 25.4 v
_r| = O. 4é Sec Tz = O. ” Sec { K-in. = O.H3 kN-w
H, = 800 k-in 1-inl2 0.00287 EN-w?
Cuimpeo Accaieramion Point o Poind b Pored €' Boick d | foint e
—ME | PIsPL, JTimeE § PSP, TIME] DsPL. JTIME | PisPL. TIME | DisPL.
Crses | Pear \awe (sec)l (in) (sead) ] C(in) (secd] (i) (secd] ('nY Jsec) ) (¢n)
A 22q lleo| =11 Jres| 19 |z8| -3 |szs| e e | 2z
| B 0.563 62 | =11 tras] vn9 225 | -0% |s.25] 2.2 || 2.8
| C 0.329 62 | —-1.1 los | 19 z251-05 |55 2.3 122 ) 2.9
\D 0.284 |16z -1 |1es) 18 fzis|-05 |s2s| 70 fiz2of 2.7
|E 0.229 }Jliw}) =10 Jros 1,32 tz.25] -09 Is.25)F 4.4 1z 9] 1
L) CASES 2.
¢ .2
ETI=262%10 k-in L in. = 254 wm
T, = 032 sec ; To= 0.8 sec 4 bin= DAIB KN-m
"',a = 800 E-in i Z-ln.z' 0.00287 ILM-N\-L
) fe) . » . . »
Curren Acceearion | Poindt 0 | Poicd BT | Pect (AN Point &
TiME | DiseL. TiME | OiseL. Time | DISAL . TIME] DisPL, JTimg [ OisPL,
Cases | Pene Vawug] cser | (imy Jisad | Cind e | (0m) [ sed] Gimd | a0 | (i)
7A 0.559 les]-lo Jzor|z8 235 |-1.3 538 ] 2.3 Jzoy | -1
42 0.329 et |-to Jeoo | 2.3 230 |-0.4 |88 | 39 |zool-06
2 C 0‘289 Le1f-1o |fz2.00] 2.¢ 230 | -6.4 15381 4. 2.00{-0.2
D 0. 229 L6*] 1.0 J200] 2.2 |2.20]-0.3 |s33] 4 1z.00 |—o.1

*) Note: Poinfs a to e correspond to {mporfant relabive moxima as 3:\/.;&\ by
F’Las, HAA-H.IE and H.2A-H.2D . See also f:igs. 6.8 and .9,




Taews 6.9

SUMMAQT OF DISPLACEMEM? Pespouse OF THe 72ZDOF

CanoPy Mope; wHen Sugsecter To Deeived Pacoma Dam_Noemauzep 1o 0.359

a) CASES 3

A

EI=C.28%x10 ©-in? 1 in. = 25.8 oo
T, = 046 sec 4y Tp= O.l] e 1 k-in. = 6.13 UN-m
M5 = BooO k-In 1 t-in’= 0.00287 LN=-m®

() (* )

Cripees Acceseanon Paornt O\C') Porrd b Pt c ) Peiond o{
TIME [~TEY= Timg p1sPL, neMg SISPL ., talaY. 1 Oiser .
CASES PM! VALUE CSEC) (in) (s€C> (in) (se&c) (en ) (sgc) Cin)d

3R 0.359 2,62 |- 0.6 | 35s 2.6

5,05 2.6 5.56 2.6

——

2B 0.308 262 |=0.6 |355

2.3 |504 | 2,3 |50 | 2.2

b) CASES 4 :
. . 1 in. = 25,94 rmem
BTz 2.6Z2%|D ¥-in { k-in. = O.H3 kEN-m
T, = 03F2sec ° Tarx O.1B sec 1 k-in? = 0.0028% KN-m"
Mg“ GOO K-in

Cuiepep Acceiceation

Fsind 0\(') Psind b® Pocnt <™

Pocnt d W
> s . L1 VN Tim NMSPL ) ' .
coses | Peax Vawe) o | 00y | WS (T RS TSN |nes [
4A 0.35¢ | 201 |=3.4 |365| 3.9 |52 | 2.3 |6i1s | 2.¢
46 0.309 380t |[-3.41265 | 3.5 | 520 | 2.2 |€15 | 2.2

() Note : ints a b d correspond to Cmvorfan"' relative maxima as
8""2" ba F‘:%S HBA) HBB) H-4A, ﬂfd H~4B. See q‘éo Ffa. ¢.9.




TaaLe 6.10 SummbRry OF Diseuacement Kesponse o 1we ZDOF

Canopy Mooer wuen Sugsecrep T The Uvnoemarizep E Centeo (PGA= 0359)

a) CASES 5

ET = €.28% 10" k-in?

Toa=0, Il sec

1 in =

25.4 v

T,=0.46 stc fk-in.20.113 EN-m
Ma'; BOO k-in I x-int=z 0,00287 «N- mt
Curreo Acceieeanon | Bint a | fiid B | Pk ¢ | ft d & [tk ™
G a Timg | P1sPe. ‘Tima pisei . TimE piseL,. fTIME bisei. TIME | DisPL.
ases | Peac \ave (see) | Ciny (we) | Gn) (e) | Cind () ¥ i) (seey | (i)
SA 0.559 1.90 1.3 224 | -1.0 {4.35]-09 515 i 4 zao | 1. s
58 0.259 19 { 1.3 2w | 0.8 |a37]-0.8 [|s.is 1S 1zoo | 1%
5C o.209 190 | 1.3 220 | 0.6 |438 ]-0.3 505 | IS izog | W F
5D 0‘159 1,90 I 225 ] -0.4 14.38]-0.6 5,15 .S 1209 1.6
b) CASES 6
6 .2
EI =762 %10 k-in 4 in. = 25. 4 v
T = 0.32 sec T, =0.18sec L x-in. = O-113 KN- o
My = BOO k-in 4 g-inl= 0.0028% KLN-m>
L (»
Curees Accereeamion Pint o Pt b Pant ¢ Pak o | Pent &’
TIME DiseL, TimE | DiseL. nme | ousee, Timn € oisrL. TIME | DyeL,
Chses | Pear VAWE|(uey | cond)  Jesed | oy Jiseor | iny Jlsee)] Gmy Jiseor | in)
¢ A 0.353 2¢ | 1.4 235 -2.4 |40 ]|-22 |s570]|-2.3 lizoo]-2.¢
6B 0‘309 {98 ] 1.4 230 |-2.2 4.001-2.0 s40-1.% 12.00| - 2.5
6C 0215 198 | 4 |zso)-zo [40of-I7? 530 |-1.8 Lizoo|-2I
(%) Note . Poinls a o e correspond to \:N\forfan‘f relahve moaxvima as given

b9 FL%S. H.S5A- H.5D and H.GA-W.6C . See alsg F;‘as. 6.)] and 6.12




CECO RPN PEA K MAWI MU M Ny
56 Tk QU hef ET CLIPPE D
AcerLeranon | TIME G| Al (Sn)
€
EI:G.?S\HOLLV\? 0553 12,21 2.7
(UNCRACKED ) O.BQS 12.21 - 8
= 4 < ~
FL Cramo 1940 | Te0bcec ] 229 12,21 2.9 |
T.- 0.l sec OZ&(a (2,20 2.7
NQCMI\U W
1 =2.62*;06k-(: { 559 Z.0] 2.8
RO S 5? (CRACKED) 0_329 <.36 3,9
T-0.F2 s« 0,259 5.36 4.1 -—
Tq_:o.\g S’ O|2[Ca 513? A.O J
£1=028v 1 int
(UNCRACKED) 0.353 5,05 ‘Z_é ——"‘H
Y - I . T = O 4 ( sec i
iﬁ(‘\/r; FL. D, Toe ooy Bec O,BOa .04 2.3 ;
Cen Nogripg 2w et 2 2020100k 0 _‘_J
~D> 0 358 (cRACKE D) 0.353 23635 3.9
T2 0.372 s
+oo08 0.30, 3.65 3.5
- .
Trews €.11 Errect of Currine EL Centeo NoemauzeEp 10 0,37

ano Deeives Facoma Dan Noemauizep m 0.2C¢ oON

Diseiacenenr Response ofF A 2DOF MopEL OF THE Canory




Casg

PEAY CLIPPED

Mayimum

ComsiDEeeD bccELEEATION Oemmined (ind EFA
Eiasnc Casg
BT =2.62¢10° k-in 0'553 4.3 0'553
f = 2% O. 353 3. 5
Ingrasne Case
Ela 2-61)’.[0‘ K-inz 0'559 7.8 0-28
$=2% 0.284 4.4 g

TagLe 6.12

InFLuence oF Tvpe of Bewavior (ELastic oe

Eiacric [ Psngc‘rur P.astic ov e Deteeminanon of EPA ror

A 2DOF MopeL or Tue Canory Suasecrep 1o EL Centro Nozwmavizes

To 0,552




(a) Collapsed Canopy

(b) Canopy that Remained Standing

Fig.2.1 Primary School Canopies--El-Asnam, Algeria :
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A.4 Computation of ET (uncracked tansjormed shiffness )

Ad. 1 Caa d'=2.2 tn.
plc EC Es A I EIuc
B n=ge- L2 .4
M Pa s M Pa ks Ec | an®) | ) [0 ol
i I+ 2.5 192,600 | 2850 10.2 189 2,236 |18000 |6.28
A 3.0 21,500 | 3420 9.3 iBe 2,190 19,400 |6.75
Notes : Ec= 53\]10099“ )Ks{
Es = 29,000ks = 200,000 Mfa
A= 1 (6‘9)7'—\— (m=1) (4~47-) i.n.z
T= [T 6.2 /4] 4 | (n-(0.aa0)][2Ca¢o) +a(3.80° + a(st s
i
fe Fr Mcr ¢cr Axinc
- Lopp
%102 1073
M Pa ke MFQ ko EN-wm kE-in rd [em | vad [in P kcps
¥ 2.5 2.6 0.315 13.6 )20 | 0353 |0.019) ®)]
21 3.0 2.8 0.4} 14.6 1292 |0.753 |0.019)
(7 .5 2.6 0.31s 18.6 165 .04 |0.02¢3 26
2| 3.0 2.6 0.4 19.3 174 l.o2z {0.0258
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A 4.2 Case d'= 1.7 in.

F'c EC E A I EIAC
S
n= = 2 - 2
Ec (nZ) | (ind) % 10
Mpa kel MPar ks EN- k-int
| 2.C 19,600 | 2850 0.2 189 2320 | 18,800 | 6.56
2| 3.0 21,500 | 2120 9.3 186 2270 |20,%00| 3.04
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2 3.00 2.8 0.4} 1 5. | 134 |0.153 |0.019!
17 2.50 2.4 0.375 19.4 132 1.03 0.0243 26
2| 2.00 2.8 0.4\ 0.3 180 b.ol 0.025%
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2] | 2.0 | 2350, so0 | &s3 ! 755 | o 0,280 3750|270 )
| F 2.5 280 | 4o ?2.2 | 639 8s |0.216 | 8,500 ; 2.96 L7
21 3.0 2350 (v} 88.3 185 10.2 0.259 | 8,700 | 3.03
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B.1 Generalized SDOF Model
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APPEN DI x C

Inrlvence of Top MomewT anp ofF LENgTa OF FlasTic

e

Hinge ow DiseracementT DueriLiTy

Fa%. C.1 shows the wmomed distiibohon whin a canh -
lever o5 subjectd fo o force B and a momed M ot iFs free
oed. It also shows Hy assowud wrvoture distabuhon
vsed  for He  computodion e{, lateral "L‘Sﬂdx—emwf of Hhas
cantlever Ccamopy ). A simple comjugate sAructire approoch
wos Used ho compute Hus, displaceminds. Sina corvature
duo&uvta Mg (s Hx valve L&cy\@ stucied | ol/\‘sf)aumm“'s at
yeld (Ar?) ord of whinafl (w ) were compted in ovilss

o Hun C«om@vh Mg = L

N’» "

According o Hus (’\‘3‘“‘“" :
o [525 [] e 0, )- oot 4 sopt
S vy = G T BCha
s B U]+ [@a-op)(L- F)

> M oms 1o+ il e i;s)LLi) |

Pu- By [ (L-05Le)Lp
= Mg= 14 [ @a a:][ (24()(L"/()1

(Eq. c.1)




A:wrdm% to FC9.C.1 B)'H\e valve of Lp can be determi nd

ba direct PrDPOr"HOY\ah"'\a'.

(Eq C,Z)

(Mu-My)L
Lp = "n Gy
w here !
Mg = moment at (st aield
Mu = womed ot wlh mate

c = Mo | Qi
M-a qa

The compuiation o]( Mg was done for several| cases:

1) For Material Progertics Case M{

fe= 30 et | fy= 50 kex

A) Pu=221* %102 rad | in (initiation of bvd’.']ng range.)

From Figs. 3.8 o~d 3.12:
- F-in
M.a = 785

@a = 0.34 v10 > vad [in

(um‘ng d'= 1.7 i)
Mu= 934 ¥oin

T -3
Gu=22% xio rdlin

8) @u‘-' 30 )HO-'3 f&d’{.h (ohd gt bv(.k,(ir\g ro.m.gg_)

Same valves My MM;Oa as above .

2) For Material PrOperfCLs Case. M2

Bu=3.02103rodlin

fe=2.5 ks

A) Bu=228x1073 rad | in

(initiahon of buckling range)

Froem Figs. 3.9 ord 3.13 :
_ Keoin

My = 612

Fy= 029 %10 > rad [ in

B) BPu=44Fxi0"3vad [in

(us-‘r\e d'= 2.2 in.)
Mk=>800z-:“
Guz=2.28x10 " wd | in.

(end of buckling range)

Same values Hg,ﬂn,¢, as above. @.. = 44 Y10 3 ad |l in

) h: 40 kw
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For eoch OF Hese cases ) values b{, Hs were obtou ned
USir\a c.qtuq-}{o‘v\s C,‘ ar\d CZ For df{rf»l;rwd'- VO"ULS O[—
H\Omc/nj' Oj’ 'H\L ‘hgf ( i.e. O# C = MbP/Mg ) , Tab!es

C.4 and C.2 3umma,r|'}¢, Hv fewt ohd‘a.u\ul .




c-4

(®

1

M
c= M’_%ﬂ Le , (im) Yo . (Bq.C. L)
(Eq. c. 2) Case 1A Case 1B
-1.00 0.2 4,12 5.32
-0.90 10.3 3.98 5,12
-0.80 .32 3.82 4,98
-0.%0 {2.0 3.80 4.8%
-0.60 12.3 3.15 4.8
-0.50 13.¢ 3.13 4.13
-0.40 14.¢ 2,73% 4.+ %
-0.320 15.% 3. 15 4,80
-0.20 3.0 2.39 4,86
-0.10 18.5 3.86 4.9¢
0.00 20.4 3,96 3. 10
0.10 19,5 4,10 5.29
0.20 25.5 4.28 5.53
0.30 2%. S 4.5\ 5.86
0.40 30.9 4.2 €.28
0.50 37.0 5.23 .85
0.60 46.3 5.78 3.61
0.70 61.3 6.48 8.59
0.80 22.¢ 3.04 2.3¢
0.90 > 10s — _—
.00 7 108 —_— —_—

There C.1 InrFLuence o Top MomenTt on DiseracemewnT

Ducriviry roe Mateen. Feorernes Case M1




1,
oM | Lp G | Mt (e G D)
"3 (Eq.C.2) | Chse 2A | Case 2B
-1.00 12.3 561 10. 3
-0.90 13.0 5.39 . 10,2
-0.80 13,7 5.24 9.89
-0.30 14.5 512 9.¢5
-0.60 15,4 5.05 9.50
-0.50 16.s 5.0 9.4
-0.40 1.6 5.00 9.40
-0.30 19.6 5.03 2.45
-0.20 20.6 5.09 2.58
-0.10 22.4 5. 18 9.38
0.00 4.7 5.32 10.1
0.10 274 5.50 10.4
0.20 30,8 535 1o
0.30 35,3 6.00 1.6
0.40 41, ¢.4% 12.5
0.50 49.4 6.29 13.¢
0.60 1.7 #.65S 15,0
0710 8.3 8.35 1¢.4
0.80 > 105 — : —
0-%90 > 108 - -
1.00 >1085 I am—
ThreLe C.2 InFLuence oF Top MomenT on DiseiacemenT

Ducriumr rore Merewa Prorermes Case M2
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¢ Mu O, Ou
/\( g asw, C(%_ ~%a,
R T bHae "y
|
lr c é c Q)aL
Q{-l: (l-c)
M pumant
d 4% (¢:05) Lp
iil/iiyg b Ma— l' y
Meo'r L
a) CANTILEVIZR b) MOMENT ) cvevarver d) CONVVEATE
SIAGRAM PisreazunioN STRU CTURE

Fig‘ C.1  Curvature Distribuvhon oi a Cantilever Coluvan
Sub}ujad to a laterad Fore R and o Momir\i

M ot %e TOf
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D.1 Case M{:

APPENDIY D

L»‘“\H\V\JT(({'((*\”\ (‘(— (.CUL(JOJ ECS'"S‘L':L'\\L: Funcﬁ‘gh Q o /\I"

fe=30k = 21 Mba
»( = S0ty = 350 Mfa
Az (L3 2.2") = (43mm - S6 mw)

-ﬂ\L FD“OOU;r\dq M-@ corve le b( QSSUH\L&‘) ba&u:’ o Fugglz

(x-in) 4 / IDEALIZED CupvE
0% ] g & 12 ? s .2 ‘eeal” copve
o 51 ~—___ .
goc k el g! - —.g‘
360 13 ) File. D.1  Momear- Chrvarurg
RAssomep ™ OBmIN T lameeoal
Resistance Function rog Matran,
180 |
KTZ Peoreenes Crge L.
M h* 065 ‘o6 ‘ 200 ¥ 3.;0 - @ (XIO-BFDJUir\\)
‘ 'o.ijs 1es 227
0.28
0.064
Q206
EIUCz 7.04)&‘0‘ K-ir\z = 20,100 kM-
ET ¢ = 303 516 kint = 8,700 enN-n
! : .
PGIr\J' | Mgﬂ\k%‘f(y‘in) Curnrndann (<0 5rﬂd/in>
{ } 180 0026 (Cracking Mowuet)
i ! 180 0.064
2 360 j 0.28 CFuﬂ'a;Ad)
4 i ggo | 0. 35
z 945 i 0.45
G ! 914 0.65 (Max(, moment F«'rrf rmdud)
¥ | 934 .00
CAN 900 165
G 914 : 2.7
' 880 2.23
9 934 , 32.00 (Max. cur\/afure)
9' B6S i 3.00




D-2

1) Tedealized Curve (s« Fig. D.{)
\
a) Peend 1
2 > nws= 0.094 .= 2.4 "M e
- —>
y W/t _ (180)105)
%0 W TREr T 37y
(105" ‘
(7‘1‘?"1) c . _ Las*lo_a
7 7T T 5o o2
180 .y 7 ¢ Moment Distib, ROTLITEN ey ijuaa&
R=%w%s"" (K—.’n) Distrie. tive .
- . S ture
CTGI kN) (%10 3mal lin )
E) pr\'v*} 2
Pt = 0.022 in.7 5.5 rm
¢ ® 323 %1073
L] .
180 Lo.02% N i Shicky Suaking i lpr00w=6l08d "
Mok ; . ' o.o"
g:ﬁhv\b, Ce-in) UL Bt in u¢pa | dew fe
Curvatyre Disty. C’AJV (4
R= 1.?(K (761 EN) (x1073 mud i) STructure
€ Poimdt 3
v + - v . e nr = 1.00{n = 25.5 mm
1Al
a.5" a.5" * @ 0.0003;
1 * 65
f ~ 180 0.0¢4 78.3
: - 0. 004462
- 0.0068¢
0.28
Feo ' Cc\f\)u ate
Memerd Dish. (k-in) Conmbios Distr. smjwe
[ |o'3 rkeH\'vs)
=724% (32.7 eN)
]
1



d ) Pend 4

pP=8368"(37.3¢n)

€t AT 2 1D in = 30,3 wavn

> X
i Jae
) |+ @ 0.00028
(N L 634l
50.9" 180 P
9o | - o.004 &2
wa i -4 - oo
> '
Wa,2Y ~N— 160 S %.oosla
B! 100054
880 Ne.3s
Morart Disk. Curvilin, Pistrib, Cavxdug&h
CK‘:I’r\) ("‘O"d“\‘\) S‘)‘nad"uﬂ.
6} Psirnd 5
R=099%(400 EN) 13.4"
L y St b PPz iBlin < 3.8
Ve /A’d._‘go ‘ . :‘ 0.0003¢6
/ 2.6
. 64.6" 63.0"
0’7’8\ 249* ‘o 0,0c49%
-+ -/ 0.00%3
- - 28.4"
20.5" Vi #60 0.45 , 0.00452
- 94+ > A 9.00:,87
)
Cuevatvre Diibrib Conjets
& Momind DU bk om (w3 red [ iny Structuve
(‘ (Vein)
F> Poir\tS 6) 3, 8,9
P=9.2%% (41.3 EN)
130" '(4).9.,,..151,4....391,3... v, 109, 8 rvum )
A A 65 in, 202 3,8k n B} 26 1)
" 0.00025
GloY
ANy
[T ¥ LS 0.00692
97,'2"' / 0.0050 |
(0.00513)
” - (2.43,8.%,23.0,31.6) %

Moyt 2038, ( V‘i‘n)

(0.65,1.00, 2,2%,3.00)

C.urv‘actuu
o2 vad in)




-2, "Real'Curve (3« Feg.Dt)

Q) Pﬁlr\i‘ ?‘

R=853" (38.1en)

Cuvevar,ed
¥ o e |in)
Momind Distiibden (y ~{n)

(9314)

-

b> P(.ﬁt\j 8l

P-8.38% (3%.3:N)

. ’II / +
a3t (\80) , r\co 2130
Ed
\@o - ¥
62.0" — WLl
€2.") (260 Tles (o3 60-2
’ 760 7
4 L
" / +
(232") , 142"
/ e —
s 880 ’ L2122
v ©en) ,
Curvolina,
(x10 3 md(in)

Moward Dist,ib. le-i.\)

c) Poindt 9

R= 8.23% (36LKN)

s A

-/
(\@.3")
k4
(626") (o) 7

(za2"y

Curvatinr ¢
(x10%ad i)

v/ (234) .

Mevvart Pist . buten CV'ir\)

3o
A D e nr=2.H in T 69.0 m
S

L O.00u%5t
6lah
(2’
N 4 0.0039}
n
L 0.00501
’7\0
2 7 0.00513
s - $0.01593

Cm\jug&}'(

STrrvedure

0.00581

0.00501
0.00513

0.0130)

Cd\\'jv(o‘j-c
STrckvre

13.0"
PR R ,/) A.r=4.’22|'n_‘ 10% ™y
) 0.0005
o
[
233" -
23.2% /

0.005¢6¢
0.0050 |

6.00313
0.0315%

Cm\_\u%aﬁ
Strvture
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ﬂu rwwus ob'!"cuim.é are S«A«wmawia,ca' in o fD”Owln% +a19L¢

Latezal Dseace mswnT Llateca. Foece
-
PO:NT
Nou msgeg
(R ™ N e EN
y 0.0%4 2.4 L7 76!
2 0.22 5.5 LW3) 2.6l
3 Loo 25.5 3.24 EX A
4 .19 30.3 8.38 33,3
5 L33 34.8 £.99 40.0
[A Les ai.9 3,13 41,3
E 2.02 51,4 9.23 4,73
3 7.3 692.0 8.35% 38.|
8 3. 4¢ 81.8 2.23 4.3
g' 340 86.4 €.38 3%.3
9 4.29 109.8 2.1% 4,3
9! 4,21 lo? 823 36.6
Fig. 6.1 i obtaund from Hhes  reswdts.
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P

(¢

¢ M ‘ IDEALI?ED
K-in) #
| -
63 8 s 2
% DR 15 L] 3 _
: 21 A Se___ B8 - BEAL (withoot bucu.,\a) g1
09 “escF ———— 2
612 3
165 {4
T T ke —p e pye——y -—
8063 0“1338 6.52‘89 ) ¢ (\”0 r\-f'c.r\)

D.2 Casen2: §!= 2,

|

Cnot drawn to S‘CCJC)‘.

= S kw = |F MPa
fh 2 40 k1 = 280 MPq
oF': 2.2 in= 56mm

The Jollowing

M- cron will bt assumad , basd o F(@. 313

£l = 628 x:oc k-ind = 18,000 EN-wm"

0016

Fis. D.2 Moment- Chevatues Assumse o OBtain mhe latees. Pesistance

Funcnon Fok MaTERIAL Propgenes Case M2.

EI., = 242 x(0°K-int® 7,520 KN-m?
Point Mo m b (K-in) Coarvature (%10 rod fin)
J 65 0.026  (Cracking Mormrd )
2 {es 0.063
3 612 0.23  (Forst yeeld)
4 751 0.38
5 395 062
¢ 800 0.BG6 ( May. moment 5T reached )
7 800 l.oo ,
7' 790 128
8 800 2.28
8' 709 2.28
] 800 4,48 (Max . corvatuce)
9! 69¢ 4.48




A) Id!.n.li#d Curve (s«x Fr’g, D,Z)
_a) Pﬁ‘\\‘j 44
» —>
1os*
(2672
| i (
7t 7 <
165 0.026
R:::%S:LS?K Y e, CM‘«AN<
(¢o9en) D?;?r.bv fon Distribatien
(k-in) (XID—BMJ“V\) )
b) Point 2

/<

- ' °.02(
fes y e .
Mot ¥ B ;°‘° 3

DisTeibotisv, (E-in) ;

Curvatyre

= [.x « .99 \LM) 2.5t v hawn
g= 157 (¢ e

<) Poud 2

// 7-9.3"
i /( _/,‘S : 0.0%6
‘O 5“ /Lé ) ’ il o003

#6,3"
ol e

DR 3
‘612 023
HMM Corvabre
Dishiiwhon D‘\Jh"\bu:"{r\
(¥-in) (xgo—g /-'v\)

K= 5.3 " (25.9 KN)

F @een=009%F": 2.5 v

| MU, (esXiesy! i
7‘0" Mg 3‘.1 3 (‘Jellﬁ)

» @)38x0°?

Q\Jva‘t

Pvctvre

# wrz0,23" =2 5.9~m

/oW _ 165>008y?
3 (Lernlo®)

T 3£g

’IL 3'3“10—3

Nofe |

SMCHO spnkiog il fps0 D r\r:
Buj "y f'-lb('“a ) deoy o 0,7,3:

AR R o ?4.‘»”: 0.85% 2 21.85 mwm,
189"
Coans Po.000372
bl ©.00483

- 0.00652

Cc“d vé‘,*g
Shvchire

0.09%"




- 165

AT

—;52

Morment
Distrioudion

l {e-in)
R=716% (31.9kN)

e Point S

F16%

4612

395
» M oment
¢ Distr b.boa
(- in)

23.0" | 0.0%
h L 0,062
|

625"
///0-13
19,5

i 038
Corvody e
Oiih'iM‘\

(xi5? mdlin)

v.8" 0.0
h | -0.063

59.0"

'? .0,23

+ -

241"

T [YX3
Cuevatu
Dl“r(fbw{‘g\\
o 2 radhon)

R=7.53k (33.2«N)

i

£) Poink 6,4,8,9

165

-6 {0

8oo
Mome~t

Ois tipukion
(k-in)

R= 7.6 (32.9¢N)

* o
‘L-L +-0.016
—+40.063
59_611
1 023
22,3
L

0.8¢

‘

Curvature Disteih,

(v 463"14( "lv\)

N 10!4” = 28.9 oA

Al ol SR R

boas3e
> 0.000307

v
(75 o
o 4‘ 0.008513
%8.5" - 0.a053\
r 0.00332
>

©0.00443

CO\U UWC Stroctuve

14,54
p3

e N":l.48"=31.‘mm‘

0,00028¢6

vt o
ngh i

> 0.c0507
269"

0.00524

* 0.0c4W

0.0047%)

CC‘“_) vap.*c

S‘T'vut;ve

#

a.s' (AS.me\,49,4mm’88‘.%-“-\}.!5
T “\*-0«— n=(1337 195" ,3.48%, 6.1 ).
» 80,000285

o b08" !

P

. i' L3
} "
%.8" »r, o+

0.004%8
0.oo0528

0.00420
0‘00169) 0. Mﬂ‘o,ozgj 0.052%5

’~—

C&\Jugaj"
Structure

$ ram)
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2) "Read Curue "

»

(SJ,( Ft‘%. D.Z)

a) Point 3

Mome t
D\"Sf:lbuhh\
(€-in )

£= ?.52¥(33.5 enN)

b) Poist &'

145 a
s 244"
T
e M
/5'36 »
AR S '3
um.u;
BT <L
¥ oo ¥
h"(‘)\‘\u,‘wr
Disti podime
(Y-Ln)

R=675% (30,0 eN)

—u.?u i

53‘ 9“

”
256"
~

t/a.z“
4 A 4 v Qe rz 232"259.0m
- 0.026 ' < § 0.000274
: : w0
.} o.063 63.4%
0.2:8 224" 4~ 0.0047 4
' ) 0.0052%
0.3 265"
. ©.0043%
?- 0. 01345

Curvatur DISh'b\‘-f{M

(w102 m“/fﬂ

Co'Y\'u:
S/

L] .7}"

PR oDy =3.51"= 89

‘ 0.00024%

; o

| . 63.4v

P :

' ’2“"4; » 000387

YRl ’ O.uc52%

- 0.0043%

4 0.0263
2.28
Curveliou Conju%af'e
D'STT_;WRM Struvcturve
(x 407 md lin)

.2 wavny
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L’Oﬁ'\(n\j'
Disff:b\\ﬁé\’\
(k-in)

E"" 4_43“ (29.5 KN)

CU\'VWC«M
Dis tibwtion
o2 adlin)

vy +) = 6.19"215F v

5, v.ozde
‘;"ll .
A AL
96‘5" . l— 0'00334
. > 000523
- = iy

Cor\)'.uva./h

S‘frud’wc
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The results Ob_i—QJLNA QAre Svmman'ac.o( in YA fo”owin.a ‘f'ablg'.

Lateenl DispiacemenT LateenL Foece
n- R
POINT
Numete
L\‘\. \'22%22) K kN
9 0.097% 2.5 1.5% 699
2 0,23 5.9 1S¥ 6.99
3 0.85 21, S s.83 259
4 1a 28.9 1.16 3),9
S 1.48 37.6 7.5% 23,3
A .33 a45.0 2.6| 33,9
3 (95 49.4 1.6\ 33.9
3! 2.32 59.0 3.5 33,8
8 3,48 88.3 1.6\ 33.9
8' 3, §) 89.2 6135 30,0
5 611 IS5 3.6\ 33.9
2 6.19 153 6.63 29.5

F(g,&z is obtained fromm Huse resolts,

b




Deoenpix E - Buccune oF lomnairuoinalr Bares.

e sacd earker, Ha compressive longhadinal steal bars may
bucklh  f thire s emough awid compruson fou acking wpen Hee

Auord\‘n.a to the discussion in Sechons 3.2.2 and ¢.2.3 (see also
: chs 35 to 3,13 3, somliir? sta s b ou.urb of & Cioneree Stroan)
| c«f c«fpucmhha 0.007 “fin (ser F‘gs, 3land 3.2) . Sina buoUi% o} Imgi-
, Bodivak e gt ocowr w b s stran vodin € redhd  af i
| foshen (i e, €'s 20007 infin) ;o wmbe 5,{ £ and & wll
b fakin fom W odped of Hi progaan in ade B ol
| P b £l o

P . = L A7"=0.043m
| ] < (2.2Y= v.ogg,m)
| ts
!

121" 0,30 7w, ‘

Qil"= 0,295 w) 40.4"2 0,264 v
: (9.4"= 0:239m)
. |

i v T

s

Ad’vod'a | &S Pro_y,.ful in Sechton 3.2.7_' bw,kkr\e wi

Occur Sovmewhire A Hu rvw\a;_:

0.00% njin < €'s < 0.040 ntn = Esy
0,045 in = Esu AN AR 4010 = 280 MPg

o~ M Fol\ouiv\% paes | Ha varrmfor\al«‘na ARt u{ o —
Fores s Why{ in)’upola.'h‘n—% f-nw#u m--*[wvf yf He procpaam—.
fis o dem o am awed load N= 26" =120 | [o both
bty @] covers (d's 43" 43 wmm ard d'=22"= 5Cmm) a-d

fo fy=50ke’ = 350 MPa wd fy= 40ks= 280 Mo .

fo £y = 50ris350MPa
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Kange GJ Corvatures at which Buz/Ut'r‘A Occurs (Feom outrr OF eccoch)

jo4

(o2 AximL_toap o N=26%= i2¥

1) Case M
(L= 20k = 21 MPy , 37 50 ks = 350 Ml
Ces+E0) (04) 7 ¢
A) d'= 13" (43 mw) vore + g4+ arnyJ- L s

Fﬂ“w gLJ’),_J p.-[ 2CcoL b

- 004556 ") o rad
£s 2455¢ {'550-0064/‘ (p=21 ‘v‘u‘\) ,
Fen €57 0,00F =D @: 2.26°%,, vadlin

(0.98% pud (=)

E = 0.c100

= 0.0/66cC 1 {;: o0.003 14 (@‘ 2-23'/‘0 l")
Ec= 0.0440

¢s= 0.62099 { {'1 < 0.0029 4 (¢- 2.9?%0%)
f= 0.0150 ]
Fo €tz 004 = D7 2.99% mdlin

€c= 0.07 4 ) .
52001749 [ ol b o063 (Be gJeﬁ.?ﬂ)J Co-dant rod ()
%c= 0.0460 /

(Es+£)(9.4)
B) d'= 2.2" ( 56 ww) NOTE © zs= LT Gine ] Z ]

Fr\:(‘-\ 9-,-J“q-\f l‘{' \‘Z((OLZ .’

@s = 0.01444 ‘ZS 0.00695 C@_Z 28%se U\) - 0,p8498 ed [ n
§. = 0.0470

N
- = !

€s ~ ofo"g"" } 252 000977 (= 2.95"/,,?:\)} \

g,z 0.0460 | Fe £5%6.0d00 => @ = 3.06%. mdiin

’ (0.1208 rad [~)

d
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Seie (708 me) (6.4") = o‘ooasa‘j Sa,, T 5w =S = 000353
Sa2 = 0.00400" og?;z/;

gn: ggBEww + g“Aaou: = 0.00%88" = 0.200 e

Aoce [7-X

o (0.00768)
g = Tie-oiay - 000143 vad

Aoy, = (0.00143)(53.8") = 0.0794 " = 0.00204 o=

)i) Zovre 5
- Bdow crack

Asscum mlx) o5 in 3o 4 (bdew crack) = &ag * 0.000180"
barz (54) ue)(c.a") = 0.00846"

Sa geLow = Sax - Sm, =z 0.00328"
Roce

- Above crock

ASSUN MCK) s in &Gﬁ-‘. 4 (QbO\/e or(LaL> = §A2 = 0,00400"
Soa= (54)ue) (64%) = 0.00246"

~

Y $Sny- dn2 = 0.00246"

Aéov e
(&2 2

SA"’ gl\gzg, “+ gA peovE = 0.00574" = 0,/46
e CROcw

(0.00574)
Ocrs= Tie-cisty = 00040 rad
i i
AX gey = C000410)(41.0") = 0.0450" = 0.00014 m

Neta : A} ind o cuk 5 (ot L»’[ cnccle G) .
fein)= (54due)- (196pe) = 243 e




I

D'u> Zove G

- 64):@\— (‘/;ﬁ-bL:_

AS—S‘J«M w () [- % NPN 39\4. 4 Cbb&cu‘ Lot 4 = JAI‘_
Sape (372:me)(6.4") = 0.00238"

< “
Sa selow = OAL— Saz = 0.00220
cehec

- Above crack

A s wixy az in Ferse 4 {apove cm.d_) =

Sar=(372,4)(6.4") = 0.00238"

Saz = O 0Oglpot

Shoagove = OPA - SRL = 0.00138"

22 NS

Sac Sbgg,, + S8, = 000358" = 0,09/0mm
27 Y273 [ -Y272
(0.00358)

@cre, = (G-6sy - 0.000704 md

AXg,, = (0.000704)(28.2") = 0.0498" = ©.000504 m

NO‘]LC: A+ Cvmel Lj crvock G

Zs () =

372 e ) - (198 e) = 174 e

Dtﬂ:) Umc)»?u_w S~

M - G,lZ "4
R=T% Jes = 5.83
e o3 - [553)(2.1,6)3 - " o)
DXy = 3E1,, T (Hw<i 0-003z4 " = 0.00008)4 m

Summary: AXgg = 0.)]49" = 000379 r-

&
ez 43%0ue) = AXaw; = 0.778"
D (=0

= Ol)!ge Ny
AXg = 0. 00224" = 0.00008 4.\

CAX) = 0920" = 507326

TOTDL




')

\j" i.‘uc.,
[ZER AN ( ?AXQQ

(45 ‘)\\I’ {f* Fﬂ"‘

’#( I BN ) f 7’"4_'/ W(M o585 J 'f\.ﬁ,y{ mk d/l&*:s'—
Xu‘§ ort bosid = o corvatiore dittribuaken
Fi- |o Cberom nig bt ).

:f'* e -d }'L( [Lg}\c\«z [~ 9¥] c_“{)u\ﬁd bﬂ?ua( en aq_t-rr\a/« c_,u,mduf{
dictrt bohon Carmcked  wt oo Gvim LV Bccotn) ) G2 givea la pag F’-10
(bottove LJtD will he
AR

AX = {rs}i

+ %
z

{10
{5 H

D‘s} % (240) (96.6 ) + ( 184)(85.8) + (459)(73.0) + (432X60:2> +
+ (403)(47.4) + (1’3)(34.6)} -+

} 1 24Y(100.7) + (26)(67.2) + (25) (35,0 +(27)(62.3)+(29)(49.5) + (30)(%

5 {uoy (3} =

= 0.8/2 + 00691 + p.oosoda = 0.886" = 0.027S5m

7)} +




-_ f8

C) Esa= 5000 ¢

7/
e

7
128"

L.g"
e

12'8"
/
78"

’
2.8%

';5.4"

€s = SJOOO e

2oNe
20NT
ZONE
eLNE

Nw D ou e

ZONE

2onE A
ZONE O

ECLATIONS 4P

= Ms= B80% L-in

-Mer= J65Ein

| Me= 24367

gar‘r\e. as SumF‘)'icv\s as (GY Caae 6\) , (sle P Bl ?)
Usln9 rw.st me ECCOLA :
Mlxv Curvod'ure Tbnsi[e Steed Neuwtrel Avis
ZONE (K—i n) (* Jdamd Iin) STra.’n Q,Lt) Loaﬁ'!m (nn)
o o7 0.743 5,000 4.75
4 309 0.322 4,990 5.45
2 el 2 0,233 /, 380 5.69
3 512 0,195 A 150 5.8%
4 4]3 0.157 93) 6.06
5 315 0.1.19 710 6.23
¢ Ak 0.087% 489 6.4/
165 0.063 272 6.5

(ON PLATEAU ©F STEeLls STRESS - sTEouN

AT  BASE o cancPr )
> -
8.2
“6 -
i ‘2_8\'
#5 >
. 4 .8
"( f— 11
‘ 12.8" 05
#3 > s
- in . 12.8*
3‘0"2 * 2 -
; ‘42'8“
T A a4
; 'A?.Qu
*0 * -«
Number; ng Posifen
(r{ cracks of cracics




€sa = 5,000 €

5,000
Tensile Steed Strain PBsihen O
DiSfriMm fs CM.Z) Muvw\bbr.n.g
(as aiven by ECCOLA) (.7'0\-&-0@)

( Lirear ird'wro [w/'i cv\)

324
/

730 <

Curvalure Distribubon ¢ (X/ldémd/in)
Climine nTervoint )

- g -
;zi',:” 8.2
"
©
jog¥ 7
- - 5
d2.g"
- - a4
12.8%
~ H 3
8"
- SEN]
1.8"
+ u A
28"
* Wemo '

5,000

TMS\(-‘ S}O‘J Shaiin
Distnbkion €5 (ME)

a) ot cracks: as grven iaa EccoLA

b)other fo’)n,to.‘ oa GWen by
Qorvnmiol  Bend dAsTA Bution

730 |

-6
Covvatuve Distriouwh on ¢ (YJO ’nd/ir‘\\
ohcu‘ crr\cb :
b) OHq.r ‘?.*’5 Aas

o 9’\.\/:,-.\ b\d V-’.C—COLAI

. 1 1,
vt b ) AShunad pond b

S

F

v




s - CILRGY = -4
'L> Zone O Ci= Agfi,. omstizzooer T 484%10
AS.SUM ed  w () Ba- £5(x) €sCx) B
i €) (i €)
- ” t.z(x-é.-d)z 3¢8 AoAZ 2.3
59T 9)®
2.9Y (
6.4M 4215 35.5 €1
LA a2 455 VETELL 40.0 ¢at
28" %
‘ T b 40,0
*~ T 5,000
3bars
L ]-— ¥ <A ' < 4 4%
= (2)(2.36) A2 [ (03)+ (3)(2.9) | = J4.2° < ebe =144

-

AXg,

. e
Faone= 3 S Juteide

0£x¢ 28" i fm- Lx)=0 ; $ar=0
28"$+$25": &a-6aye 42( (2-28)
Ot =2=35": F- Lo = 4SSt
G o ARG o 0000544 "
3.5€ v £ 64" E5-6(x) = “z,c(‘zC.;;:'”a /:s + (Us5me) = Ussume) + (835 x15°) 2((1-4,4)3«:-(2,9)3}
Cr %x=6,4" &p-() = 368 ue
"= G55u)x 4+ (BI5x16) 3 h—_éfj + (2'9)37‘}):= 0.000914 "

Shz
Sai= (1,380 ue)(6.4") + (5000 me - 4,360 pe )(2.8") = 0.0490"

3 {
daz= Z Saa = 0.000368"
—~ H]
Sa= Shar- $az = 00480 = 0,458 mm
(0.0480)
gcm: (A:.Z—A,-,rs) 0.00263 rad

(c.00263) (jo5") = ©.226" = 0.00902 m




r 3}

I8 ) me,a /1

- Bb[cw' crock

Assum u(x) d&s‘fn“)m*ic“ A in gere o > g.qz:'- 0.00098"

:—)‘> gABELow= SAA‘SE‘L = 0‘0095311 = O-ZAZM
cenck

- Above crack

Assurme w0 distribaon anin you O (Ba=/380ue 25200 ) D = 0.00415"
Say= (1,380m€) (6.4") + (1,990 -/3680) (ue) (2,2") = 0.00863 + 0.00434 = 0,0402"

= Shnsoe = Sai-Saz = 0.00902"

z 0,229 o~
[= 7N 2

Sh = g, + Sa

= oo
bgove o. OAB@ 0‘41/‘ reaen
céncr cgacy
(0.04806)
Ben = Tz 545) 0.00302 wd

AXe,, = (0.003c2) (92.2") = 0.228" = 0,00706 o

_N_OT_e_: At ond u‘{ erack A (st 0‘! c.m.ob 2)
Es(x) = f0d2us  (see po 7l i

‘) ZO)’\("_ -
.’:—CW bon\ be(ow Ol obe ve Crr\.(,&) s oime () ST puw haa sA
zea © ( iy 4,380me, p. Fle ) = Saz = z (00015 = 0.o0e2z0"
dag = 9(/380 LLS_)'(«S.LI“)':JEZ} = 0.0477"

$n= Sai- Saz = 0.0454" = 0.290.

{0.04354)
gcm_: 46 -5.69) = 0.002e0 rad
AX©“1= (0,0CZGO>(?S‘,4“> = 07206" = 0.00524 rn

f\a‘fof‘a: L.‘f' Loed o+ (\ag_fc Z Csja«f .,{ :,nncé SN
Es ()= ,‘O 12 e (Su. Iz -z /() .

t

Sar= (),280u¢)(6.4") + (4,990-4,380)(u¢) (28")= 0.00883+0.001%1 = 0.0105 "




2
-~

W

.\ =
LY, tove

- Belows erack

ASSVNA M(.'_) %(,‘_) ‘FS(‘Y-)
Con € (%) (1€) .
* l . k) ) /l,lSO',u.{ 33.4 sy
‘ X u -5
(& Iz fpooxios) % AIso pne 33.4 ok
- ] *{Ge-.083+ (1.88)%
é.a" " 42 (2-4.08)
188 z
! - K=" ey 10J2 g 2.3
232" 138u¢
. _ )OJ Z,l&f_ 29,3k~
N A -1 4 K
F50N0= BZOfML"—)d'L = (3)(2'36)(112)6/"88)<_é) = 5.3 < Ac"f - 144 e

13}

1
O ¢ 22 €p-58@&)=0 ; Sa2 =0

1.2 Ci (w-4.08)2 |2

= =5 | \3 1\3
3 (1.88)2 22 = 2:08xJ0° {(x-4.08) + (1880}

o

22" ¢ v & 408" ga - B (x)

138 <

4
" s { Ct-4.08) 3
Saz = 2.06“05'} —— + (488) x}

at l=4x08“ L fepn - S5 x)

4.08 "
22 = 0.000493

408" ¢ % £ 6,4": £ - Fc(x) = (/138,ui>

Ot w=6G4t Sar = (436 me) (2.32") = 0,000320"

Sar= (uisoue) (6.4") = 0.00736" )
Sa =Sn-Sm2 = 0.00684

r ,
ope= T oAz = D.0003545°

21

- Lbove crock

PR =t
Assurmu ulw) st budien as in aone O Cfso.=,l,380,ue) f.F'—,H) > Sa2<0.00115
Sar= (4 450me) (6a") = 0.00736"

Sa = S~ Sa2 = 0.00621"

ABove
céacie
- 8 = " 0.33 .4
Sh= Sa,  + oA, . = ooiz" = 34
CRAcCK Mt
o.003.4)  _
9cr3= (16-s6%) — 0.00228 rad




AXe,, = (0.00228) (56.6" )= 0.452" = 9.0625& m
Note : At ovd crack 3 CSj'w)L ;’{l v 4)
£x)=  (4450me) — (368 ue) = F87 e
v) Zo~ 4
- E}ﬁlc‘k“ (.,\A.{Jc
Ass wrad wt(x)
ﬂh’is(.x) E:C‘L) ‘FS (1)
‘ (X3 (ue)
> ”» 1 931
2.2
x 1
- 934
ca’ 2o La(x-d 2%
- w0 Tz 00y 149 787
; 2.‘5“
- - iaq 82
Feows = 330 futu)de = (3) (2.36) (42)(2.02)(3) = 5372 £ Aef!, = 44.4" o.c.
0&wg 22" Csa - ) = O ) gt\"z=0
3
) 12C, (u-420)" |2 - 2
220¢ ¢ £ 42" Epn-8(0= "3 (20,9 lz,-L = LeO%o 57)'(1-4.22‘3-%(2.02)?}
o f (x-a22)* 3 4u
Saz = Aeouosg —a—— T (200 1”&: = 0.000225"
42"¢x€6.4":  Ep-E(x)T J49 ug
Shs = (149 ue)(2,08") = p.000 325"
YV (93) wE) (an) = 0.00596" \
>a = Sm- Snz = 0.00544" = 0.43%amm
3 N 8fLow
ar = 2 dar = 0.000550" J cenck
=1
- Above crack
, Esa- €50
Assunud  (x) (g)
- # 309 6z 18.0 lea
| 12(x-c.4)"
42" Me= T oyt
%
ca"
: + | v 93 3.0 e
2 Tz Az
- -2 934 e 23.0k3:




Foomg = 3o Iulwda =(3)(236) (1.2)42)(V3) = J19% < Aclly = 444"

D&% ¢ 22 Ga-falx)= 0O . Sae =0

J)

12Ca Cx-C.a)3 ¢

2.2" €« £ 6.4"; Cep - TsCn) = 3 (42t

.
41715 (x-6.4)* +¢4,2)%]

At x=6.4": %4 - €(x) T 309 ue

vl _ (x-6.4)4 3 16.4
Sar = 442 x40° {——4 + (4.2 u}’jzz = 0.000974"

4
I

(93)ue)(6.4") = 0.00s26"

oAl
3 : gA = SAI'SQ‘I = 0.00498u = 0,
= ¢ Agov
Snz = Z Sar = 0.000974" OZ:o:
(]
Sa = Sa + Sa = 0.0404" = 0.264
Btiow AgovE

<€Ac e CRAck

(0.0104)
Ocry = Te-6ocy” = 0.00188 rad

AXg,, = Co0.00188) (52.8") =z 0. 104" = 0.00256

DL) Zone 5

- 58 Iow cnu,k

Cef
Gia— Es(0 £s(x) Fslx)
Assurmaee Ll () ) (L€ Cent)
: [eNA
i L ll y 10 ‘
239" C.é(w.-li-f.‘,‘z
“ulyy = (n.39)2
# 88 622
6,4”
4.(5,4”
- # eg ! 622

Feons = 35 Sulodx = 3(236)(0.6)(239)(4l5) = 3.4° € Acf.=)44"

6.6 Co Cx-2.39)

x
; -6 \3 3}
OL = € 2.39": S -Gx)= 3(230)t {o = 5.44%1\0 {Ct-?,iﬁ) + (2.39) b

Ot x=232": E-fFiiv) = 88 .u¢g

, -7, 4 3 5 [P
Saz = 6.44x10 ?'4(1-7.39} +(2.39) 72 IJO = 0.000458"

Co,

427 o

20.G

48.0




(AN

w

)

in
X
I

oy

[

Csp - Telvw) = BBue

Saz = (86ue)(401")z 0.000353"

Sar= (#1oume)(c.4") =z 0.004s54"

2 ' gﬂasww = gﬂl - Saz = 0.00403"
Sar= & §ar = 0.000s4)" cencw
i
- Above crack
Assuened 1 (x) Esa- Es(w) £s () Fs)
Cwg) (ug) cess)
* 236 ] 474 | 133
06(x-€.8)°
e wa= 2T

| T, _—_—-;,IO 20.5
Fono= 2% futade = 3(230)(0.6)6.4) (A13) = 9.4% < Acf] = 1445 .

. 0.6 Ci(2-¢4)3 |2
0<% € 64" E,-%G)= "3 cga)n 0

=z B98x ,IB:, {(1-6.4)3-{- (G.4)3}
At z2=6.4" 1 Sp- Sty 2306 E

_ 3 | 64
Shz= 8.96“0;{?{(1—6-4)4-/- (6.4)1})0 = 0.00413"

Sor= (#40me) (6.4") = 0,00454"
= Jm-Sae = 0.0034]" 0,08 66 mm

AABO
Saz= 0.00 113" coove
(0.0034.})

ch5= dic-c23) = 0.0006325 rad

AXe,,, = (0.000625) (4).0") = 0.0260" = 0.000C64 ~n

v Li} e b
—Below crmnck
Assumed 14 () Sin- sl £(2) foo
= o,’fu Z _o.é(l—o.a)” 715 ,—7 ‘
. > nlx)= (0.4)1 ‘ 474 ;113.;
cav 60"
|

L4 L 33




Feons = BZofulddx = 3(2.30)(0.6)(0.4)(Y3)= 0,6 °< hef, = 444*

0.6C (x-04)3 |2
0% % £0.4" 0 Csa- Glx)= /

1 3
2 (0.4)% o ¥ 0.000230 ? (%-0.4) +60.4)3}

At 2=204": €p- E0&) = 5 e

' 4 0.4 ‘
$Az = 0000230 j g(x-04)" 4 60-4)3‘*}’0 = 000000442

04" 4% $6,4" : Eu-%lx)® ISue

]

Sar = (sue) (¢.0") = 00000900"

Sar= (4895 ue)(6.4%) = 0.00343"

5A= gﬁ!,)‘ém z 0.00304" = 0.07F] ~mn
A2 = 0.0000244" szow

@ 7 2273

-Above crack

Assurme  sar~ MUx) az in Jors 4 (above cmgt)(i;*qq,ssolu(c) (see 2 FL/M‘I;F'LJS)
= Saz = 0.00400"

Spr = (46T ue) (6.4") = 0,0033"

800" Saa- & = 000243" = 00544 rmn

o]

CeAck
- = oo v
Sn= Sa, 4+ Sa,., = 0.0054F" = 0.434
CROCK CeACH
C0.0054%)
Ocr, = Tiicocan = 0 000996 rad

AXg,, = C0.000996) (28,2") = 0.028)" = 0.000F /4 rm

M&tz B A+ Ch«{ "g cAAcQ GZ
Etxy= (489 ug) - (198 we) = 294 g

I ‘i) Uncrocked 2o

Mo -
£E= T °

= [ 4
= 105 769
{=262-¢4=7248"
g3 ¢7.69)(24.8)?
AKXy = =

et - 3 Giewmon | 000423" = 0,000/0%F m

>




SUYY\YY\CLFLQ N AX QFE = O.Bo,{“ = O,DO ;65/\;\,\
¢
(£ 5,000¢) ZAM¥e, = 4063F" = 00294 m

AXd = 0.00423" = 0.0004C% o
(AX) = 1.3722" = 0.02349 m

TOT L -

6 Noi’c M #\[_ 014‘{/[4()‘1‘(:‘»\/) C,C\Y.‘(;\JJL&G{ wif/{\ CLascimud cracle Zos—qbuiton
]
(%AXOC“_ A~ A\(J_) are basd o a cvralure AsTriowhionw as Givim
\'r\- Pcué,c_ F'—Jg (boﬁOm ri%ﬁ\f)_

’ A JA; d)#Lo‘kM are cmwo'lfwu ba,y.ll eon a/\,vc-mg& ou«\,\,-rx.,tuw
distri b en Coracked but Ga gWoem b—a ECCOLA) ) &5 GVnm in page =l- 43
( bottem ‘“f“’ oy will ke

AX = {AZSHMD_‘H (324) 28.6 ) + (234)(858) + (201)(73.0) +(168)(¢0,2) + (432)(47.4) + (94)(34.6)} +
28] -b
+ {T} 510}{(406)000.?“ (90)(87.9) + (33)X3s5.1) +(33)(62.3) + (26)d2.5) + (38)(36.7) } +

~+ {“2"6} Hioe} {anyesy « canch)(zent + 1 ey s)(Bansy} {107

= 4105 4+ 0.3¢2+ 0.04/34 + 0.00304 = 4.482" = 00377




)

r

;b = BT SRR e ;D'\l PLATT G OF STEEL': I fim iy RECATIONS - 2
AT SePEoeY )
Cs= 0,000 pg = M, = Tge
L > - -
it "
zz,‘f__ ,..Mu‘/(ésr'“‘“ ?.8-1“
2eng G A,z 206% " -5 -
sl
ZowE I fMs =259 50 -5 A28
L - 2.8"
2on€ 4 <My 39277" -4 ST .
TONE 2 MB :480“-;“ -3 -“2'5” e
It Loy . A2.80
ZoNE 2 -4 T 530K -z D
4
2ome SUEIAFIEE - L8
“NE L L, - K-i 42.8"
Zong O Vo= 766 o -0 “2 8 -
Nun’\bcn-“q Fos.fion
\7} u:u;‘g‘:s “’1 cracics
eamc. assume&Mg [o% fCE‘L Caae o~> .
Using reoudlo Q(M RLCDLA !
ZONE M av Corvature | Tonsile Stel | NeuTral Auis
Ck-in) (%10 radin) | Strain (me) | Locat o (in)
O Foc /20 Io, coo 4,9¢
1 6%3 0.216 ALGoo 5,359
2 5%9 0.224 4H310 3,75
3 486 0,185 1,400 5.92
4 292 0.1459 284 .09
5 2929 0.).14 674 6,27
e 206 0.0%9 465 6.44 :




CERIEORC F-29
gsa = 10,000 1€
-~ > ~
1
224.8" )
8" 28
R
> ~! G
42.8¢
L ad — 5
A28
-~ ~ d
12,8"
>~ ~ 3
Az.8Y
>~ ~ 2
12,84
> ot A
{.8"
‘0,000 -+ <= \\(v)

T‘?/Y\f/\‘-)C S’hJ Stain Dis'rribuf\'a'y\ €s (Mﬁ\
(as Givem ba Rcco LA) ( Lrvar }r»"l'wpola,'l-im\)
(Atinhon to g history | Sea pagpo F-JO § F-49)

i, 000 |

Pasiﬂm\ ‘3‘ Num}.)&r.‘ng

G’t, crocks

Tinsile Stwl Strnin Distr bution €s (ue)
a) at cracks : as CJLvm b;) 2CCOLA -
b) at otheyr 213 as given by ass cavted bond distr buten

AHL\\‘;&CY\ o E.; STy

o
- - A .
(Sec o, F-NC o B Qo)
’ <




| .
09102i82%

£sp= 40,000 11 e

/— pr—
282"
# I~ O
126"
” - S
;‘2-5“
~ ~ 4
1‘7-8“
- 1 3
/12|6“
v~ - 'z
1z2.8"
- A~ A
A2.8"
4,506 - ANNAWY \Q

’Posi‘f'imi‘ Numbérin
0(} Cracks

Curvature Dislribution ¢ (x40 “rmd [in)
(as given by BCCOLA) (Linear ;nfwfolafiM)
( Attendon o @ k«‘sfor'a)sa_ P F-10 & F-49)

-9

4,500 |

Curvature DisTabuficow QS (xAOaém;“i-n\)
o) at cracks : as Fvin by BCCOLA
b) ofher (o nfs: as given bg) assvened bond disTribution
Affention do @ Ristory , s gage FRA04 F-49)




02/og |62

Fl-3)

‘C> ZOI\L @]
(2 (2.36) . »
CA = [A 7% = (0,442) ( 29cc0) = /’64 % AC
Assuemned w () F2a - Tslx) Eo(x) €s o)
(ue€) Cag) Ceat)
+ 13(x-6,4)} | 36 294
i 1 u Mlx)= (“9)2 ‘
| 2 33,
64" 04" mle)=z4,3 45 8
l 40.0
I 2 M AIB
T
+ ¢ ' 40.0

40,000

Faong = 3 5o Smbode = (3323613 [0.9)+ ($)N2)] = 14, 4% & Acfl =44 4%

San =0

0< x £ 36": €sq - &(x) =0 5
367 &% ¢458" 1 Ha—fikx)=  43C (x=3.0)
Ok 2=4,53": &a- &(x) = 215 ¢
W ARCa =2 |45
Saz =~ (x-26) l'g,c = 0.00009692"
, . 43Ci(x-6.43]7 . s
45" 2 €6,4" ¢ Ty - Tix) = ('Z}SMES + 3 (1.0)° "‘4‘; (2/|5#;_)+ 2.21%10 }(.‘-“4)4_(‘.93 }

Ot 226.4" | Ga-506)z: 366 u<

W -s{1 4 )3 1 16.4 = T
Saz = @isued= + 22xl0 {3(1-6.4) 409 =], = 0.000¢z4

Sau

(1,320.¢)(6.4") + (jo, 000 ue - ,4,360)&2) (z.6") = 0.0329"

[}

3 .
Sa= Z Sar = 0.000724"

Sa = Sar-Sar = 0.0391" = 0,994 e

Co.039.) _ ‘
@u—o z Cane-4.06) - 0.00589 rod

Ax&mz (0.00589) (105" ) = 0.649" = 0.0/5F




ozioo sz

it ) Zore A
-Bdour crack

Assirns uln) distribution <2 in gom O (Esa=4360ue,p. FL41) D daz= 0.00)I5"
o= (4,380ue) (6,4") + (1,990 - 4,360 ) (ue)(2.2") = 0.0J02"

= gAeuaw = S‘” -51\'7- = 0.00 902-“ = 0,209 trnn

ceAck

- Abave crock

Assumi b)) dislublion as iw 2o O (&a=4,360 me, p. Flogd) = dazs 0.00 418"
Saa= (380me) (6.4%) + (4990us - 1380 me) (2.2") = 0.0402"

D SApeove = Sas- Saz = 0.009202" = 0.229 o
Cehce

Sa= Sag., + SAn... 0.0180" = 0.458 roon

(=7 VTS cebex,

(0.0180)
90"4 Z Oic-sasy - 0.00293 rad

AXg,, = €0.00293)(922") = 0,270" = 0.0068%m

Note : At ond cwmek 4 Cstad crack )
Tsie) = A0IZ e (s @ Fl-44)

iL‘L) Zova 2
Tﬁ\&s ot is L.-Lq;}{a 7% Savet O 3evw 2 fex La= 5 000LLE ( s« P FJ—?-,D,
= DXg,. = 0.206" = 0.00524 ~m
2

Note : A L~d ok T (sfm»fcv( crack 3)
£c(x) = A0 we (s Iz F'l- jA)




[€Y]

W) Zova 3
- Below erock
Agsrmad 12.0%) Esa~ s (x) sl Fs(,)
(U'{‘_) (M'q’) (\’/)\>
- 1 A, 400 349
Zi“ Vt
- 427 4,100 3.9
et 12(x=3.4)}
- n= s 88 )04z 29,3
3.§o“
-L e8 hoiz 22,3
o.k

Fooro= 3% §udu= 3(236)(42)(u2)(V3) =2 3.4" & At =144°

!
£sa - Ea(n) =0, A2 =0

42 €, (1-3.4)3 z
3 CI.?.)" 2,2

0<¢=» ¢2.2":

5 )i |6;-§ (1=3.4%+ (1D* }

20 L x €34 Fen-%lx)Z

at x=3.4"". £,- &)= 88 e

- 3.4 .
Sar = 5Ux10° {4(x-3.4% + 0P} [m Z 0.0000%95"

24"€v €6,a": gu- €5Ce )= BBue

0.0002¢4"

L]

(]
San® (38“'5)"—}3,4 =

gﬂﬂ z (AJOOM) (6,4.‘) =z 0_00?04_"
8hg,,, = Smi- $az = 0.00670"= 0.170
cénck

3 : "
Saz= Z §a = 0.000344

- Qbove crack

Assurems () AdisTribviign an in 30\,-(. 0) CESA = A,380 1%, P Fl-1 ) = daz= 0.0ci1E"

San= (A i0Dme) (6.4") = 0.00704"

SAABOVE = é:p”— éAz = 0.00589Y = 0.450
clice
SA-T- gAGEu:w + SAA&NQ = O'Oli?-é“ Z 0,320 ror~
Cinex cepcx
Co.042¢0)
3 0.00212 md

90-3: Cile-592y =

DX e, = (0.00222) (66.¢") = o©. 148" = 0.003%5 am

Note: At erd c'/ crock 3 (starT ,,/ crrcle 4): €o(x) = U100 ue)- (36Bue) = #32 me



09 /oo |62

o (1,3@3 —- -
x)> Zcﬁ«}i_____ Cy= AsEe, ~ (0.442) (22000) 1.84x jo ?
—Below ermck
Agsumed W) €50 £5() &s (o) filo
(@) (at) (¥t )
» es4 5.¢
! T l:r.
o2 22
. - 7 se4 5.6
64" ‘ : 2
2.0%" L2 (=-413)
- WOT T ot 152 132 zh2
2.A3"
- - sz 22 212
. ! i
Feono = 3% Sbodw = 3(230) (ua)2on(¥3) = 5.9% < Ay = 44.4% o
0< x €2.2" ¢ fa- £(e) =0 | Shr =0
‘ . 12C, (=-427)3 !" -s 3
22'¢ v €427 a8l = 3201 |y, T ARZxI0 $a-a29) 4 (2,097}
a*' €= 4.7«;“ . f;o‘— ﬁscl) z /‘SZ )“-f
423
N -s |4 4 3 :
Swe = Aizpi0° 17 G-4.29)" + (2.07) "}]2.1 * 0.000237"
423& g ga" 1 gy -Te(n) 2 152u¢

wi "
S = (Ustme)(2.43) = 0,000224"

Sor= (8384“55( 6.4") = 0.00566"
§pr= ZSa = 0.00056d"

- Above crrck
ASSUv-N wix) distribadion @z in 3o~ 4 (avove ek, Egq = S5,000u< , p. Flz3
2 Saz = 0.000974Y

Sar= (884 ue)(c.4") =0.0055¢6"

Sa = SRgppu
CRACK

+ A naoe
e

= 0.002719" = 0.249 e

(0.00935>

@cr4 T (M6- 6.09) 0.00 A #8 rod

AX, = C(0.00178)(53.8") = 0.095¢" = 0.00243 rm

() 2 (884ue) - (B9 ue) 2 575 ue

5 £Lz4)

} éAﬂﬁavtz ni-fne = 0.00469" = 0. 449 e
[==7.VN)

Fnngps, = OPA= S8z = 0.00540" = 0.425 v
cence




03 /oo /82

O

VI

. — (2.2¢ -
DL)ZKI‘!\AD Lo T2 = - > = 4.84x107%

== DBy, (0.442)(2% 000>

— Below crack

Assormed 1 (0) Een- Es () €s (%) fsix)
0.6 Cue) (e Cksi)
T l 4 19.5
f 2.69" x 0.6 (x-2.69)"
‘ | M= T (2 ¢9)2
C.4" ”' 99 53% A6.8
‘ 3.’1,4"
: i

- = 29 575 ‘ 16.3

Fooue® 3% Smtada = 3(2.36)(06)(2.69)(z) = 3.8% L Al ~ jg.4% o

0,6C, (x-2.69)3 )1

o -6 3
0% & 2469 5 Ey-50)= 3 (2.¢9)2 o T 5.09%x40 {61—2.49)3—!- (2.¢5) }

- 2,69
S:t!n. = s,oax:o‘{ﬁ(z- 2.69 )4 + (2.69)31.}}6 = 0,0007z200"

269" €x < 64" Ea-5sGd= 99 g

Sor 2 (29ue)(3.24") = 6.000347 "

S = (6%4uc) (6.4%) = 0.0043)"
dor= Z Sar = 0.00056%"

\=1
— Above crock

ASS«UN Sourma MCx.) d,{jTr{MZM aa (n a,g»q. s (a.bove ormk) irp,: 5,000»'—&,f.F’-25)
= Saz = 0.00443"

S = (674ue)(C.a") = 0.0043)" } SAAewzt $a - S0z = 0,00348"= 0,5508 ram

Cloce
gA= SABELOw+ gnn@vl = 0.00693" = O”’jéM
clace Cpoce
(0.00693)

ecrs = (,4/,‘-6,1;) = O'OO ,130 Fﬁd

AX g = €0.00130)(44.0") = 0.0533" =z 0.00135 m

Note: A eod of cmck 5 (stat ¢l ciock C):
€ lz) = (674},1,{.) - (Zﬁé/u_‘e) = 438/u.€

} snBtmwz }bﬂ“ S’Pn. z 0.003%5" = 0.0957 vvm
2o




1 }
22/0¢ 8%

et = L _ (2.38) B -a
G= AsE,,  C0.44D(22000) = 1.84x 10
- Relow crack
Aﬁume_d M("—B E-SA‘ Es(i)
(ng)
0.6
-7 27 » 465 . s
i 033" Ix f 0.6 (x-018) ] [ ———7
. M= (0,73)° 438 438
ca
T 5.67“
. ~ 438 438

Feono= 3%0 Jubodue = 3(23¢) (0.6)(073)(3) = 40 < 144" = Ac |,

‘ 0.6 Ci (x-0.73)3 [* - 3 3]
D¢ = £0.73" ¢ £, -8(x) = 3(073)? L = 6.94x 10 {(x-073) +(0.73)}}

0,73

Sae = GoUx10° {4 (2073 + (0330 x }} = 0,0000447 "

(o]

0734 v € 64" ;| €55- €s(x) = 23 ;£
Q:z = (2#ue)(5.63") = 0.000 153"

Sone (465ue) (6.4") = 0.00298“} fy =z 0.00284"

A LOW
Snz = 0.000468" canes

- Above crack

Assume same =) as ia Fore 4 (above crock, EsA;'-/’)3BOM€)(§a p F-1d4 4 £.i5)
= Saz = 0.00 100" } c
Sar = (405 me) (6.4°) = 0.007296" Ansove = 0.op498"

CEACk

Sa= Shga, + SB,.,. = 0.00479" = 0.127 mem
caock o

€0.00479)
Bor = (Mé-caa) = 0.000228 rmd

Mg, = (0.000928) (28.2") = 0.0262" = 0.000665 m

Note , O cvd 01 crack @ Es(w = (465 mE) = (J58ut) = 26F ik

vi:i) Unc,ra.cked 20Me
~

A
R=T= o5 =#30°  l=267-64 =258
e4® (1.2)(z1,8)° "
= = : . = O. / = . \
DX = 5er— PRI 0040, 0.000 467




‘ o2/ o982

s’\)mmar‘é-'- AXSFE = 0. 649" = 0.0465
Fan= 10,000ue ZAXQU L4138 = 0.0860 +n
L0

DKy = 0.00404" = 0.000402
(DX Yo, = 2.091" = 0.0526 m
NOT-G .t}'t,f‘-;(- tpu. &c}hm cmn\,u:c,a[ wi#\ @D')Wm(_e‘ c.rt'\{;.k dl'STrs o -

tiew (ZAXQ ard AXy) e bard on a wwndure isTribution aa
Givem W FR@ " FL-30 (bottor).

[agt Vo Ppu dA#AcA\M [~ PN} c,w/u ba.y,al S~ O OVJ'L‘-k?/‘-
cuvnLine is"’n \m\ (omoke_d bt as Zulbv\ La ECCOLA) oo 8«\/%\

N fao% F- 30 (t0f> %—b will be 2

AX = { AZ.B} %10"} § (324)(98.6) +(234)(85.8) + (424)(33,0) 4 (460)(60.2) + (i26)(47.4) + (ao)(aA.s)} +

A2,
T} 10} (1,1823(100.#) + (90)(87.9) + (40)(75.1) + (34)(62.3) +(34) (49.5) + (ec)(ae\?)} -+
.8

I

TH {ng)(zs) IR {20,008 ($)(F)(z18)} 10}

= J.08% + 0.864 + 0.0)3) + 0.00204 = A967F" = 0.0500Cm




o) €= )2 000 e

CsTher of

STEAIN HACDEAN N &)

Ts= IS 000 pe = Mg = 704"
! + .
e’ | Mer=ds® 282"
7428"  2one g = sgoe-in . )
ﬂZB"  eoue -Mg= 275 E-in s ‘_1218“
128" =oue - My 364 <N -4 Lizet "
128" zong rM3= 4435000 ~3 LAze” s
28" 2ome M= 532 7 —2 6"
’;")2'6" ZonE FMage g JBE-In - *1248“
;j,@ci,“,,,_, . ZonE . F M= 70457 —0 e .
Numberi Pos few
¢] cacks c| cmcks
St dsosumphons e [0 cas o)
US\'r? riowdls  frew. BCCOLA :
Curvatu . ) '.
FNE | Mew i) | i) | S G | o
o} 704 238 15000 s 25
A é/’g 0.236 /,)390 5.68
Z 532 0.203 1,200 =84
3 444 0,470 1,012 £.99
4 364 0.138 8l4° 5. 15
> 275 0.105 £20 4 20
¢ 4183 0,072 426 £.46




) - !
09 joe /52 F -39

gsn‘-' Tsu = /‘E,OOO,UJE

F's ” —
|
1 '
2218
% 2824
*
> ~ 6
g
-”‘ et 5
,12.3“
> ~d 4
12.8*
< M3
2.8
< 4 2
12.8'
- - A
128"
40,000
4

15,04

Temsile Sted Strain Dishribuhon & (xe)
(co 9«% b BCcOLA ) (ﬂi-nmy }n'}'wdoolaﬁ'm>
(AHinhen o Es I"“S'}br‘a) 34 ﬁo.?u F"IO, Flio 9 FL29)

v

FPosi tion Numbar;ng
O«E Crovcies

Tensile Sff'u,f g“frmn Distribution Es (/.LE.)
a)at cacks i guen by BCOLA

b) &Lj’ o p N L‘,Ci;xfs Lay %chﬂ L:wa ‘
(Aterdion to & his‘for’a y S pags F'—JOl F'-19 4 F-29)

ass ume,g) bewnd distributiom




09 /O? jez

-

- 40

£502 €54 = 15,000 e

Curva+ure Disfribuh‘m ¢ (X AO—GT‘M lir\\
(as Giver by RCCOLA ) ( knear inferpolaton)
(Attenkion bo B Mstony ) sa p.F'-40 F'-49,4 7'-30)

23%3

Curvatiog D»C;f’r;‘puf«‘c\,\ ¢ (/\L AO-G rad li»\>
a)at cracks: as grven ba R<coLA

iz.e"
»

J2.8"

o

,42.5“

-
Jj2.8"
-
A2.8"
"
Az, 8"
-

Rsition % Number;na

A

//O

Vet

e%Cruu

b) af other points as Grven by assumed bond distribuhon

A’HM\‘}WM 1‘0 G A\S")’Ora | St ’94914 Fl-"o,PL/{vﬁl{l F'-BDB




02/os 82

[

44

i) ZOY\! O
Ass Umed () Esa EsG eslx) F(x)
(me) (me) (i)
La(s-6.4) 3 369 e.
T a.’éS“ Mlxy = m(g.:s) w3
; > 344
i 1.45" n)cd4 2%
6"4' » 40.0
: 4'45:
| t'l
ql .r A40.0

45,000

Foon,™ 3 Zo Sl dx = 3(2.36)C14) [ as) + (") (0.65)] = 44.2° < Acfy = J4.4"

O¢%x€44": £,-£06>=0 ; Saz =0
44 é * < 5.55“: Eso - CsOe) = 44 C, ("-" 4.4)

Ot x=555": &Ga~- &)= 296 us

u 4.4C, T

5.5% "
S0 =TT (x-4.4) [4'4 = 0.000 70

4.4¢C4 (1—4.4)! } T

3 = - - 3
555"'€x<€¢ 4" Ewp-Gh)z (9%ui)+ TI(cesyt P (190ue) + 1,49110‘{(1-6,4)31-(0,85)}

at x=6.4": - Es () * 269 e
) 3 6.4 "
Sar = (219Cue)x + hagxact{2 (x-¢ &) + (0.85) x},,,s, = 0.000228
Sar= (4,380ue)(6.4") + (45,000us - 1,380ue) (4.4%) 2 0.0688"
3 { u
daz= Z Saz = 0.000468
=4

JA = Sas- Saz = 0.0683" = 1335

(o.0eB82)
qu‘-' (ic-cz28) = 0.0)08 rad

AXe,, = (0.0108)(405") = 4.435" = 00288




09 /o2 jaz

ii) Zoru 4

Assume G0 dishilowhon ar in g O (Esws 4,280xe ¢ Flit)  fo
boH  above 9 bedoww crack .
= dar = 2 (0.00AS") = 0.00230"
Sha = [(4380me) (6d) + (4,990 - 4 380)me) (2.2°) } {2} = 0.0203"

Sa= Sar-Saz 2 0.0480" = 0.458
(0.0480)
Ocr, =

= Thib-sasy . 9002923 rad

AXg,, = €0.00293)(92,2")= 0.274" = 0.0068% m

Note: At end "f ok 4 (stat o{ cwack 2) 0 E(x) = j042ue (s po Fl-00)

i_iQ Zone 2.

Assummi sy dishibuRon @2 in 3eme O (= 4300ue, p F-M) fo both
obove % below crack.
= daz= 7 (0.004i5") = 0.00230"
Sap= 1038Boue) 6,4) 12} = D.0477 Y
$a = Sar- Saz = 0.0454Y = 0.290 rm
(0.0434)
Ocr: = hé-563) = 0.00260 rad

DX, = (0.00260)(79.4") = 0,206" = 0.00524 m

Note: At o cff vnck 2 (stont of crock 3) 1 Es(x)= d212 pe Csae po £ A1)

‘i\)) Eone 3

- Be‘o‘.«) omck
ASM Mlx)=0 = (SA?_ =0 > &%) = A0A2 s

§As;cw (10)2se)(6.4") = 0.00648"

(=X aVat’4

- Above crack

Assume () disteiowAen az in yore O (Emr,I,3GD.‘L€)/=»F"/H):>§A1‘ 0.001s"
Sai = (Jjolzme) (6.4) = 0.0064 8"




A.)LO“.3 2 C0.00210) (66.6") 2 0./40" = 0.00356~m

Note : At d ¢} crnck 3 (stad cock 4)

Estu) = CH0I2me) = (3681e) = 644 st

Feono® 3% Sutds = 3(236)UA(2.30(3)= 655 <& Al =14,4"

]
D& = £ 22" g -£0C<)=0 ; Ju, =0
‘ " ) 12Ca (x-4.54)3
22 € v £ 438 A ! Ep-fs ()= 3 (2.3)%

At = 4.54" " €u-8(x) 2z 7O e

;4.54

V) Zove 4
- EIJO‘-U crzu,lL
Assomad GO Zsn = Eslx) Es (= Fslx)
() (€) (s )
T : 814 23.¢
Lotz
1'1’ 42
' 814 13,4
234" L1lx -4, S/i)z _
f Med® (2.3 120 cag 16.7
} 1. W
DA 170 644 L1z

o.x.

x Yy o
), = 138x 40”7 (x-a.s0)* = (23 )

] 2 ]
Sar= 136x10° {2{(1-4—.54)44- (234) = H,. = 0.000295"

451" £« €6.4" ;. €3 - E:(x) = (FOME

nm

Sar = (U0 e )(189") z 0.000324"

SAA (6141.)—?,)(6.4“): OAOOSZ/{“

Sny

H

gqe:\.ow = 0‘0045911

3 N
Z Sy = 0.000616" oo

i:]

"

02joo iz F-43
: SAABWE = Saq - dar = 0. 00s533"
‘ cence
Saz S,  + da,.. = 00418" < 0000300 =
Ww CRACK,
(0.0448)
Oury = Tic-s35) = 0.00240 rad



o2i09 85

m

I

L.

- AbO\zev 4 r‘C\c,’t

Assemm mw(x) distraboken 05 in 3@,‘ 4 (above crmck | €,° §,000us, P Flz3¢ Flzad)

=> Sa; = O.000974" | c 5 ; \
Sor = (BAdug) (6.4" Y= 0.00524" ) “Pagove 4702 = 000424
ceoce
SA: SAB&@W g‘haao«.z = 0‘00665“ = 0,724~
cLnce cdacu
(0.00883)
Qery = ey = 000462 rad

AX g,, = C0.00462) (538") = 0.0872" = 0.00224
Note . At ved ai crmckd (stat o[ cak 5): E(e)® (Bl4mc) - (309me) = SOS Lg

Vi) Zove 5

- Below crmck

Assumed wa(x) fsa - Eslw) () st
ol (gD (e (eat)
x 0.6(x-3.43)
! 3.3 M) = (2.A3>2
|
¢4 MS 50s 14.6
2.2
| i
| {
. s 508 . 14,6

Feonp = 35 {utidu = 3 (2.36) (0.6) (3.13) (43) =
0.6 Ch (x-23.437 |* - 3 a)
0L« & 343" g -Es(x) = ‘———3"(3.,3)1 L * 39(x40° {(1—3‘453 + (3 13)3f
(lj’ x=3,13“ B ESA—isCx):A/!s/LLi

343
g,;zz 336x 10 ° {#(1-313) + (213) 1)"0 z 0.000270"

312" ¢x<64" | Ssa-E(0) 2 JASuE

§ar = (Msue)(323") = 0.000376"

Sarz (620 ue)(6.4") = 0.00393"
u
$A,,. 7 Sap-Saz = 0.00332

SA’L = é Sf\\l = 0.000646" “race




N

92

-Above crack :

A’SSurN s () distribuben oo in Kot 5 (abowe mk) €sqc 5,000 re
p-Fl-25) = Saz = 0.00413"
Sn1= (620 ) (C.4") = 0.0039%"Y

$a

; Shngoue = SBA- SRz = 0.00284
<eace

1]

Sa _+ A = 0.006/6" = O.15b e

3ELO ABovE
cepte Lace

(0.00614) _
@us = e-6.30y - 0.00446 rad

Do, = (0.00146) (41.0") = 0.0477" = 0.0042/ »

Note : At end of crmct S (mwm/[ met 6) ¢
€)= (620me) - (236 uc) =z 384 ue

Vif,) Zm A

- Bdow craek

Assuread u (W Zsn— Es(x) Es () Fs ()

(u€) (ue) Ceat )
0.6

7 -
f l.‘rl4" ? 0.6 (;-A.J4)z \ _7416 ——7 At 4
; -~ )= Jaays 41 384 M.

4"
e 526"

-« o+ L 14z 384 A

Feono = 33, futdx = 3 (23¢) (0.6)(444)(M3) = 4.6 k ( A"fé < 14.4*

O x € hhd": £, - &)= W;: = 283407 {(x-4.44)° + (L.14)*
At x=1.14" , &Ga-5x) = 42 e
She = 2.83x16° 1 (xe gudr e QA=) |2 = 0.0000350"
e’ x g 64" Csa- Es() = 42mne

[}

SAv = C4ZMI€>(5.24">= 0.000 224 "

.
1= (426 c4%)= 0. v
Say= (4 \c“f')( 4 0003?3 } Sh,, = Soa- Sm = 0.0024%" = 0,0627 Arnven
$ar= Z5m = 000057 gLow




02 /o9 82

- Abowe crack

ASSUN wln s (n Fore 4 (above erack fsp=/4,350,u£\)($qp,F'-/44i‘ FI—A‘E\)

=) daz = 0.00/100"
= 0.00473"
Sar = (426ue)(6.4%)= p,0p27 3" S“%ovi 0.00472

- U]
SA = SABLW- &Aeo% = 0.004720 = 0.407% s
cloce C2D i
go,oo4‘2.02
Ocri = Tie-vae = 0.00081% rad

AXg,,, = (0.00081%)(28.2") = 0.0230" 2 0.000585 m

Note :  AOF vrd 01 croet €0 Sc)2(B26ue) - (A98me) = 228 s

Vil i.) Un crocked 30

K

M _ 704
R="T= s =670
L= 282-64 =24,8"

RL® _ ®(@.8)3
A= Sez,., T z(easxiod - 0.00366" = 0.000092¢ .,

vacer




AXy = 0.00368" = 0.0000936

(LX) e, = 084" = 0.0782

Note Hut GL‘-']LLLCHM : T L d crack distriour
A CCW PR & [« V-V < tOUTI M
(E/_\.\(% ard BAXd) ove barcd on a cormting distabuRon ar 5ivin

in pagt F'-=40 (boHom).

g’j—w‘ﬂu CL"{/LCJ\MMWCJMW\ammWW

cunmbive chistribudion (crocked bul as givin by BCCOLA )| as given
{n WA?L E'- 40 (i’o?\)) %3 will be :

= -6
AX = {‘2-5‘5 XlD }{(3za)(96.6)+(‘2.34)L55.5)+C475§@3‘o)+(449)(6o.2.)+(u?)(4?,4)+ (53)(54,5)} +
12.8)(, 6
+ 3 THID H(z.o:maoo.?) + (20)(81.9) + (64)(35.4)+(24) (62.3) + (31)(49.%) +(34)(3e.?)} +

J2.8 -

+{THH anesy + Goxd)een) + { @t GoyEx3) ot} =

= OS50 + L4228 + 0.0415 =+ 0.00304 = 2.494" = 0.0623

o2loojez Fl.47%
c Summary. AX@;:E zZ 117" = 0.0298 ma Soas
v cre
[ PRT
£sa= €su = AS, 000 pe = AXg, = L940" = 0.0485 m A
=0 b d T3



IS BTt
(Ol S

a.

0

SUM mMpaRy FOE

FIEST ASSUMED MOMENT DISTCISUT:ON ON

canoPy (no T0P romeEnT )¢
Canoev's Top Nooar Dispracemenss Due To -
EIYED €ND 2OTATION AT ELASTIC DiseL.
BhehH oF THE INCEDLKED
RoTATION coneiLs T0P 2or& TOTAL
=0
@D) (2) (3) W+ +(3)
€ 4,360pme 0.149" o.#78" 0.00324" 0.930"
Start of Vi
Grarfof Tield ) 1 (5 56379mm) | (0.04BBmm) |(0.0000814m) | (0.023 6 )
Eaye 5,000 0.304" 4063 0.00423" ABFZY
o aTeau
n pl ) (0.007¢ Smm) (0.02F4m) 1(0.00040F ) [(0.0349m)
E5a = 40,000 1€ 0.649" Aarg! 0.00404" 2.0%"
\On plATesu) '

' (0.0 A65~) (0.0 360~y | (0.000402m) (0.0526 )
£sa 15,000 ME I 170" Loro" 0.00368" 3.0844
(start o} Strocin
Howde v gy ) (0.0298~) (0.0485w) | (0.0000934+) | (0.0783m)

—
<
)
T77777TT




APPENDI X @G

DRAIN-2D Resurts FReaaevine the Stconp Sthes

( Veeirication of PGA BY DEAIN-2D)

This appirdix  presenls He fme - hisfory indaghc respoms of
the canopy  for thi differint casee comsicdlired in i sicond sty of
e a\nal\asn';, - the (Qallow;n,? responcs f’of‘! are  given

a) e vs. laferad displacement

b) e vs. rolafow

<) tme vs. boftorm mowaed

d) Lt vs. by morant

@) has v boHown shuax

ﬂ"L sgm convinhon s as given in Fig. 6.6,

The shudi o were swbdimd in differvd groups:

QROUP NUMBEY = 1 er

= FlvRE Vot BEL 2:’;&'“3&2@"{”” i 5: S::‘.zpr::;au °:§§L":§'l§‘ 0° k-int)
Gg. 1A M1 DEZ. PAC. oAM (0.30 ) 2 DOF s, 4

G. 18 M1 pea, ac. 0on(0.499)  2DoF 5.4

G. 4C M1 bee, PAC. Dan ('o'mé’) 2DOF 5.4
G. 1D M1 EL cemo (0.55g) 2D0F 5.4

G.4E Mi €L wvrso (070 ) poF S.4
G. ZA M2 T E 200F 2,62 (cracked)
6.28 M2 2DOF 3,78

G.2¢ M2 Secora oon 200F 6.28 (urcmcked)
G 2D M2 Ng?;;um ™ SDOF 261 (encked)
G. 2E M1 SpoF 318
G ZF M2 l s DOF .28 twwncka)
G. 3R M2 T 2.D0F 2,62 (cmcked)
G 38 M2 EL CEarTRO NOEH. LDOF 238 -

G. 3C M ™ 0.50g 1DOF 6.28 (unaniud)
G 3D M2 l SpoF . 3,98 i
G 3t M2 SPOF C. 28 (uacracked)




(8

GQEOUP NUMBEL =

MiTRRUADL pPlopELTY

PR IPTION OF

Matercod pof@ria caw N4 !

Matriod pro,wr‘ra can M7

DESCRIPNON oF (34
F16ueE NUn@re Chsg NuMBER EsRraus MopEL  VELD (x10° £ -ia2)
a4A Mz f 2 DOF 2,62 |cmckad)
c48 M2 FL CENTRO MOEMDUZLO T O0OF €. 18 (uncrrcked)
6.4¢ M2 ™ 0.553 SPOF 2.62 (ccked)
6.4p M2 L sDOF 6.28 (vreracked)
Note

fle =30k (21 Mfa)

F\a = 50k (3s0Mfa)
fle =25 s (13 Mla)
f}z 40 ke (Lw Mfa)
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APPENDIX

H

DPAIN-2D Pesuirs Reonepine Tue [HiZD STthée

"
( Tue "Crippine MerroD

W

This Qyprmdix PreSmts Hu Hme-h\'s;h:ra fmelashc response o‘[ e

car\oP\a {or ‘Hu. cﬂA‘Huw\f cases c,mmd;xad N Hha 'Hv’w-d Sfauyl_
O‘]— e Chﬂa,)tasis. For each of Ha cases Hhe Following

response Flo-i's ore given :

a)

time Vs,
b 'E\YN NS,
) Ker ve
dJ) ks NES
e) 4 VS,

!a‘i'ua,\ dn‘sp'a.cmo«d'

roTa+ton

bDHOm momm+

fop moment

bO H'Om

sheay

The Sfx'fan C,Oﬂ\lw\{(o\'\ (s «&s f')r\'\u/n itn Fl‘g.é.é.

Dr\ srummqra ) #\c Casen CGY'\SAO{MM were o

Tnelastic Response of (anopy when subjected 4o

El Centro NOrmo.laéLd

Derived Pacoirma DPam

Bl Centro Unnorm\\'y,d
(PaA = 0.34B85g)

to O‘SS% Mormah}w' +o O.3‘33
ET-184302| g1= 769w | Ex=1843n% | E1=362 tIm? | £1=1843 ) gr=769Ym?
Uncrac ked Crocked Uneracked Crac ked Unoracked CQroe leed
cases | chAsg: 2 cAses B cases 4 CASESS cAsESG




Fur‘l’hermore) for each OI' He cases | 4o G describel
above | d*”e,,/wd‘ indastic commputer runs  woere racdle
wi HR d»\,H,wud‘ O rnounts o,(. oL“?(r\.B, .

For each o‘F He R -dxs’ala,umwf Fc?ures ) H fet ?«ddﬂ\g
in M POS&'}\‘M o~d ru_,acd\‘vt, divechens are indicoted ( yP axd

YN, FLS‘)?LC/J'\\/‘.La ).
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CASES 1 : Inewastic RPesronse orF 2DOF

CanopPy MobeL vo EL Centro NocmaLizeo

TO

‘PGA 9.552

EI=6.28% IO k-in°

T, = 0.46sec 5 T2 =0. 1l sec

My = 800 K-

CASE Pear CLipvep PcceLgraTion Figure
A 0.559 (uno\ff(w\) HOITA
1B 0.36 9 H. 1B
1D 0-283 H.ID
1E 0.222 H.1E
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Ty=032sec ; Tp=0.18 sec

Mé = 0O K-(n
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