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ABSTRACT

This paper presents a preliminary study to assess the structural integrity of low-rise build-
ings which are designed according to appropriate provisions of ANSI A58.1-1882 and ACI
Code 318-83. The main purpose of this study is to demonstrate how the knowledge of
different scientific and engineering disciplines can be combined and synthesized to assess
the actual degree of protection against natural hazards. The low-rise buildings considered
in this paper are a shear wall structure and a flat-plate structure supposed to be located
in New York City. These structures are designed to resist earthquake and wind forces
separately. For the reliability assessment, seismic and wind hazards in the New York City
area are estimated. The structural response to these hazards is then evaluated by using
formulas specified in ATC 3-06. The variability of the structural response is quantified. In
addition, the variability of the structural capacity is also assessed. The structural integrity
is measured in terms of the annual limit state probability which provides a quantitative
measure for comparing the relative extent of risk due to different natual hazards such as

wind and earthgquake.
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SECTION 1
INTRODUCTION

Conventional structures, in particular, low-rise buildings, are usually designed according
to provisions specified in building codes and standards such as the Uniform Building Code
(UBC) 1], Standard Building Code (SBC) [2] and American National Standard ANSI
AB8.1 {3]. The code provisions are intended to achieve the satisfactory performance of a
building under loads imposed by users or nature such as wind or earthquake. However,
building codes usually employ simplified formulas in the provisions in order to facilitate
the design process. For example, equivalent static design forces are stipulated in building
codes to represent wind or seismic forces which are dynamic and random in nature. Seismic
hazards in the United States are grossly divided into several seismic zones to represent
different degrees of seismic hazard and a typical peak ground acceleration (PGA) value is
assigned to each zone. Furthermore, some building codes, e.g., New York City building
laws, have provisions only for wind design without any provisions for aseismic design.
Concern has been raised as to whether or not a building designed only for wind loads is
safe under potential seismic hazards. There is no doubt that building codes should utilize
simplified rules to facilitate the design process. However, the validity of these rules and

their impact on building safety should be investigated.

This paper presents a preliminary study to assess the structural integrity of low-rise build-
ings which are designed according to appropriate provisions of ANSI A58.1-1982 [3] and
ACI Code 318-83 {4]. The main purpose of this study is to demonstrate how knowledge of
different scientific and engineering disciplines can be combined and synthesized to assess
the actual degree of protection against natural hagards. The low-rise buildings considered
in this paper are a shear wall structure and a flat-plate structure located in New York City.
These structures are designed to resist earthquake and wind forces separately. Seven design
cases are listed in Table 1-1. For the reliability assessment, seismic and wind hazards in the
New York City area are estimated. The structural response to these hazards is evaluated
by using formulas specified in ATC 3-06 [5]. The variability of the structural response
is quantified. In addition, the variability of the structural capacity is also assessed. The
structural integrity is measured in terms of the annual limit state probability, which is the
probability per year that a limit state (failure criterion) will be reached. While, as is well

known, the accuracy and interpretation of such a probability is still open to discussion, it
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Case

~F N w1 e W

Table 1-I Design Cases

Notation
E-2-5
E-2-5,
E-2-5,
E-1-5
E-1-5
E-1-95;
Wind

Loading Condition

Earthquake, Zone 2, .5,

Earthquake, Zone 2, &5

Barthquake, Zone 2, 53

Karthquake, Zone 1, 51

Earthquake, Zone 1, 5y

Earthquake, Zone 1, S
Wind



still provides a quantitative measure for comparing relatively the extent of risk to which a
structure is subjected under different natural hazards; wind and earthquake in the present

case,.
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SECTION 2
DESIGN OF SHEAR WALL STRUCTURE

The first building designed for this study is a five-story office building located in New York
City. Appendix A shows the detail of the design, while the essential part of the design is
summuarized in this section. Figure 2-1 shows a typical floor plan and cross-section of the
building. A reinforced concrete frame system is used to resist vertical loads, i.e., dead and
live Joads. The two reinforced concrete shear walls in the north-south direction as shown
in Fig. 2-1 are used to resist all the lateral forces due to wind or earthquake loads in that
direction. This study focuses on the design and reliability assessment of these two shear

walls.

Four types of loads, i.e., dead, live, wind and earthquake loads are considered to act on
the building. The design values of these loads are specified according to the provisions of
American National Standard ANSI A58.1-1982 [3].

2.1 Dead and Live Loads

The dead and live loading conditions are listed below.

a} Dead Load

* Roof:

5" slab and 1" finish 63 + 12 = 75 psf
* 5th thru. 2nd Floor:

5" slab and 1.5" finish 63 + 18 = 81 psf
* Girder: Assuming 16" 27"

16" % (27" - 5") x 155 pcf/144 = 379 plf
* Beam: Assuming 12"x 23"

12/ (23" - 5")x 155 pcf/144 = 233 plf
* Column:

3rd-5th Floors 20" x 20" x 155 pcf/144 = 431 plf

1st-2nd Floors 22""x 22" % 155 pcf/144 = 521 plf
* Exterior Walls: = 15 psf
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* Shear Walls:
8" thickness and 3" finish 76 + 36 = 112 psf
5" thickness and 3" finish 64 + 36 = 100 psf
b) Live load

Roof: 20 psf
2nd-5th Floors: 50 psf

The analysis of frame system due to dead and live loads follows a conventional procedure.
2.2 Wind Load
The wind velocity pressure g, specified in ANSI A58.1-1082 is

g = 0.00256 k,(IV)? (2.1)

where V is the basic wind speed at a reference height of 33 ft for exposure C. From
the map of basic wind speeds in ANSI A58.1-1982, V = 80 mph in New York City for a
return period of 50 years. The importance factor I is chosen to be 1.05 {Category I at
hurricane ocean line). The velocity pressure coeflicient k, varies with height. For exposure

B considered here, k. and g, are listed in Table 2-1.
The design wind pressure P, is determined by the following formula:

Pe = ¢:GrCpwy — e GrCyu1y (2.2)

where Gy, is the gust response factor at a height of h ft. For exposure B at 70 ft, G, =
1.36. ¢ is the wind pressure for a leeward wall and roof evaluated at mean roof height.
Cpw) and Cp(py are the wall pressure coeflicients for the windward and leeward walls,
respectively. In this case, Cp,(w) = 0.8 and C(p) = — 0.5. The design wind pressure P, is
also shown in Table 2-I and plotted in Fig. 2-2. For design convenience, the design wind
pressure is converted into a concentrated lateral load at each floor level, as shown in Fig.

2-2. The lateral loads acting on each shear wall are computed as follows:

Hy = 23.32 % (125 x 9.5)/(2 x 1000} == 13.82 kips
Hy =[23.32 x (125 x 10.5) 4 21.35 x (125 x 2.5)]/(2 x 1000) = 18.64 kips
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Table 2-1 Design Wind Pressure (Office Building)

Height ks 2 P,

(/t) (psf) (psf)
50 - 70 0.73 13.19 23.32
30 - 50 0.63 11.38 21.35
15 - 30 0.50 9.03 18.80
0-15 0.37 6.68 16.24
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Hs = 21.35 x (125 x 13.0)/(2 x 1000) = 17.35 kips
Hy = [21.35 x (125 x 4.5) + 18.80 x (125 x 8.5)]/(2 x 1000) = 15.99 kips
Hs = [18.80 x (125 x 6.5) + 16.24 x (125 X 7.5)]/(2 x 1000) = 15.25 kips

The shear force and overturning moment due to these concentrated lateral loads can be

determined and shown in Fig. 2-2.
2.3 Seismic Load
The design base shear Q due to earthquake specified in ANSI A58.1-1982 is

Q= ZIKCSW (2.3)

where @ = total shear force at the base, Z = zone factor, I = importance factor, K =
building system factor, C' = numerical coefficient, S = soil factor and W = total dead load
of the building.

New York City is located in seismic zone 2 according to the map for seismic zones in ANSI
A58.1-1982. In this study, however, zone 1 is also used to design the shear wall in order
to evaluate the effect of seismic zones ofi the safety of buildings. For seismic zones 1 and
2, Z is 3/16 and 3/8, respectively. The importance factor I and building system factor K

are taken as 1.0. The value of C is determined by

C = — (2.4)

in which T is the fundamental period of the building in seconds and is computed by the

following formula:
T o= == (2.5)

where A, is the building height from the base and D) is the dimension of the building in
the direction parallel to the applied seismic forces. For the building under consideration,
hp = 77 ft and D = 75 ft, thus, T is 0.45 sec and C' is equal to 0.10.

In ANSI A58.1-1982, three types of soil are defined and denoted as S, S, and S3z. In this
study, all three types of soil are considered. Thus, the soil factor S is 1.0, 1.2 and 1.5 for
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51, S and S;, respectively. Furthermore, ANSI A58.1-1982 also specifies that the product
of C' and S need not exceed 0.14. Hence, in this study, for the soil type of Sa, C'S is taken
as 0.14 instead of 0.15. Dead load of the building W is calculated in Table 2-I1I. For seismic

zone 2 and Sy soil condition, the total seismic base shear () determined by Eq. 2.3 is

Q = 3/8 x 1.0 x 1.0 x 0.10 x 8224.3 = 308.4 kips

The seismic base shear coeflicient, i.e. ZIKC S, and the seismic base shears under various
design conditions are tabulated in Table 2-1TI. The base shear is distributed over the height

of the structure by using the following formula.

(Q — F)Woh,
an Wih;

1=1

Fy =

(2.6)

where

F, = Lateral force applied at ievel z.

Fi = Additional concentrated lateral force at top of structure.

=

g

F
fl

Height from the base to levels z or 7, respectively.

=
=
il

- Weight located or assigned to level x or ¢, respectively.

N = Number of stories.

According to ANSI A58.1-1982, Iy may be considered as zero when T is 0.7 second or less.
In this case, 7" = 0.45 sec., thus, F; = 0. The calculation of F, is shown in Table 2-1V
for Zone 2 and §; soil condition. Given the lateral force, the shear force and overturning
moment at each floor level can be determined. For seismic zone 2 and all three soil
conditions, the shear force and overturning moment for each shear wall are shown in Fig.

2-3. For seismic zone 1, the shear force and moment are one-half those shown in Fig. 2-3.
2.4 Design of Shear Wall

The shear wall is designed according to ACI Code 318-83. The purpose of a structural
design is to provide the structure or its components with sufficient resisting capacity against
all postulated combinations of load effects (axial force, shear force, moment, etc). The

design formulas specified in ACI Code 318-83 are



Table 2-II Calculation of Total Dead Load (Office Building)

Ttem

Roof

Roof

Girder

Beam

Column
Exterior Walls
Shear Walls
Subtotal

5th and 4th Floors

Floor

Girder

Beam

Column
Exterior Walls
Shear Walls
Subtotal

3rd Floor

Floor

Girder and Beam
Column

Exterior Walls
Shear Walls
Subtotal

2nd Floor

Floor

Girder and Beam
Column

Fxterior Walls
Shear Walls
Subtotal

1st Floor

Column
Txterior Walls
Shear Walls
Subtotal

Total Dead Load W

Calculation

75 x 125 x 75

379 x (125 x 4 + 75 X 6)
233 x (75 x 2 X 5)

431 x 6.5 x 24
15 x 6.5 x 350
100 x 6.5 x 100

81 x 125 x 75

370 x (125 x 4 + 75 x 6)
233 x (75 x 2 x 3}

431 x 13.0 x 24
15 % 13.0 x 350
100 x 13.0 x 100

8] % 125 x 75
360.1 + 174.8

(431 + 521) x 6.5 x 24

(100 + 112) x 6.5 x 100

81 x 125 x 75
360.1 + 174.8
521 x 14.0 x 24
15 x 14.0 x 350
112 x 14.0 x 100

B21 x 7.5 = 24
15 x 7.5 x 350
112 »x 7.5 x 100

2-8

Weight (kips)

703.1
360.1
174.8
67.2
34.1
65.0
1404.3

759.4
360.1
174.8
134.5
68.3
130.0
1627.1

759.4
534.9
148.5
68.3
137.8
1648.9

759.4
534.9
175.1
73.5
156.8
1699.7

93.8
39.4
84.0
217.2

8224.3



Table 2-II1 Seismic Base Shear (Office Building)

Case

Earthquake

E-2-5
E-2-5
E-2-8;
E-1-5;
E-1-58;

E-1-53

Base Shear Coeff.

2-9

0.0375

(.0450

0.0525

0.01875

0.0225

0.02625

Total Base Shear
(kips)
308.4
370.1
431.8
154.2
185.1

215.9



Table 2-IV Seismic Lateral Force (E - 2 - 1)

Level

Roof

5th Floor
4th Floor
3rd Floor
2nd Floor

ist Floor

S Wihy

W,
{(kips)
1404.3
1627.1
1627.1
1648.9
1669.7

217.2

64

51

38

25

10

2-10

Woh,

108131
104134
82982
62658
42493

2172

402570

F
(kips)
82.8
79.8
63.6
48.0
32.6

1.7
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140+ 1.7L

0.75(1.4D + 1.7L + 1.7TW)

09D + 1.3W (2.7a - 2.7e)
0.75(1.4D + 1.7L + 1.87TE}

0.90 + 1.43E

¢R,

AV

where I = dead load effect, L = live load effect, W = load eflect due to wind (not to be

¢ = strength reduction factor and K, == nominal capacity. It is noted that the shear wall
in this study is designed separately for wind and earthquake {zone 2 or 1) in order to
evaluate the integrity of the shear wall with respect to these two different types of natural

hazards.

For wind load, the shear wall is designed according to Egs. 2.7b and 2.7c. It is assumed that
frame structures resist vertical loads and the overturning moment due to lateral force is
resisted by end columns; thus, the shear wall is designed only for shear force. Furthermore,
it is assumed that the critical section to be designed is at the bottom of the shear wall.

Under these assumptions, Egs. 2.7b and 2.7c become
PVn 2 1.3Qw (2.8)
where V,, = nominal shear capacity of shear wall and Qw = design shear force at the

bottom of the shear wall. From Fig. 2-2, Qw = 81.05 kips, and hence, 1.3Qw = 105.4
kips.

The nominal shear capacity V,, specified in ACI Code 318-83 is

Vn == Vc + Vs (29)

where V, and V, are the shear strength provided by concrete and reinforcement, respec-

tively.
V. =211 td (2.10)
Vs = Avfyd (2.11)
82
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where f{ is the compressive strength of concrete and f! = 3000 psi in this study. fy is the
yield strength of the reinforcement, and for #3 and #4 rebars, [y is specified as 40,000
psi. A, is the area of horizontal shear reinforcement within a vertical distance of s,. ¢ is
the thickness of the shear wall and d = 0.8¢,, in which £, is the length of the shear wall.
Assuming the wall thickness is 5" and the cross-section of end columns is 22" x 22", then,

the shear strength provided by concrete is

V. =2 x v/3000 x 5 x 0.8 x (25 x 12 — 22) /1000 = 121.8 kips

The minimum horizontal reinforcement ratio g, required by ACI 318-1983 is 0.0025. For
one layer of #3 rebars (A4, = 0.11 sq. in.) with yield strength [y = 40,000 psi, the maximum

spacing of 83, i.e., 83 mqe, t0 meet this minimum reinforcement requirement is

A
S2,max = é}i = 8.8"

Hence, s is taken to be 8" in this study. This produces the shear strength provided by
steel reinforcement equal to 122.3 kips (Eq. 2.11), and the nominal shear capacity V,
equal to 244.1 kips (Eq. 2.9). The strength reduction factor ¢ for shear is 0.85 as specified
in the ACI code. Thus, ¢V,, = 207.5 kips which is much larger than the factored design
shear 105.4 kips. This apparently excessive over-capacity is resulted from the minimum
reinforcement requirement specified by code. The design of the shear wall to wind load is

summarized in Table 2-V.

The design formulas for earthquake load are Eqs. 2.7d and 2.7e. Since again the vertical

loads are resisted by frame structures, Egs. 2.7d and 2.7e become

¢V > 143 Qp (2.12)

where Qg is the design shear force due to earthquake at the bottom of the shear wall. The
shear capacity for resisting earthquake forces is provided in the same way as that for wind

loads. The results are also summarized in Table 2-V.
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Table 2-V
Case t Horizontal
(in) Reinforcement
5 #3G7in
2 5 #3Q5in
3 5 £4@Tin
4 5 #30@8in*
5 5 43@8in*
5 #3@8in*
5 #308in*

Design of Shear Wall

Ve
(kips)

121.8
121.8
121.8
121.8
121.8
121.8
121.8

Vs
{kips)

139.8
195.7
254.2
122.3
122.3
122.3
122.3

* Minimum reinforcement required by ACIT 318-83.

2-14

oV n
(kips)

2224
269.9
319.9
207.5
2G7.5
207.5
207.5

1.43Q) gk or
1.3Qw
(kips)

219.4
263.4
307.2
109.7
131.7
153.6
105.4



SECTION 3
DESIGN OF FLAT PLATE STRUCTURE

The second building designed for this study is a five-story apartment building which con-
sists of two-way flat plates and columns as shown in Fig 3-1. The building is also assumed
to be located in New York City. The design of this flat-plate structure is limited to a
typical interior frame in the north-south direction. The detail of the design is shown in

Appendix B,

Similar to the first building, four loads, i.e., dead load, live load, wind and earthquake are
assumed to act on the structure. Dead load is computed from the weight of the structure.
for example, it is assurned that the roof through second floor slabs are made of § in.
reinforced concrete slab. Thus, the weight of the slab is 100 psf. According to ANSI
A58.1-1982, the live load acting on the roof is 20 psf and the live load on the foor is 50
psf, in which the weight of partitions is included. The analysis for dead and live loads

follows the conventional procedure.

Wind load on the five-story flat plate structure is analyzed following the same procedure
as that described in Section 2.2. Using Egs. 2.1 and 2.2, the design wind pressure is
calculated and shown in Table 3-1. The lateral wind load acting on each floor of a typical

frame is shown in Fig. 3-2.

The total seismic base shear is determined using Eq. 2.3:

Q= ZIKCSW

For this flat-plate structure, the values of Z, I and S are the same as those used in Section
2.3. The value for K is taken as 1.0. The dimension of the building in the N-§ direction
15 60 ft. and the total height above the base is 70 ft. Hence, the fundamental period of
the structure is estimated as 0.45 sec. (Eq. 2.5), and the value of C is determined as 0.10
{(Eq. 2.4). As mentioned in Section 2.3, the product of C and S is limited to 0.14. This
limitation applies to soil condition Sy in this case, €' = 0.14 intsead of 0.15. The total
dead load of the apartment building is shown in Table 3-II. For seismic zone 2, the total

seismic base shear for soil conditions S7, 3, and S5 are 138.2 kips, 165.8 kips and 193.5
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Table 3-I Design Wind Pressure (Apartment Building)

Height k., G P,

(ft) (psf) (psf)
50 - 60 (.68 i2.28 22.20
30 - 50 0.63 11.38 21.19
i5 - 30 0.50 9.03 18.58
0-15 0.37 6.68 15.97
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Table 3-II Calculation of Total Dead Load (Apartment Building)

Ttem

Roof:

Roof

Column
Exterior Walls
Subtotal

2nd-5th Floors:

Floor

Column
Exterior Walls
Subtotal

ist Floor:

Column
Exterior Walls
Subtotal

Total Dead Load W

Calculation

100 x 100 x 60
276 x 6.0 x 24
15 x 6.0 x 320

100 x 100 x 860
276 x 12.0 x 24
15x 12.0 x 320

276 x 6.0 x 24
15 x 6.0 x 320

3-5

Weight
(kips)

600.0
39.7
28.8

668.5

600.0
79.5
57.6
737.1 x 4 = 2948.4

39.7
28.8
68.5

3685.4



kips, respectively. The total base shear is distributed over the building height. Under
the assumption that all six frames share the seismic load equally, the seismic force acting
on each floor is determined and tabulated in Table 3-III. The seismic force for zone 1 is
one-half the value shown in Table 3-IIL

The detail of the design of the flat-plate and columns is shown in Appendix C. The design
is also based on ACI 318-83 [4]. For lateral loads, the most critical section is the flat plate
at the ends of the column strips. The design of the flat plate (column strip) is summarized

in Table 3-1V. In addition, the design of the columns is summarized in Table 3-V,
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Table 3-III Lateral Seismic Force {per frame, Zone 2)

Level S Sy 3
Roof 6.52 7.82 9.12
5th Floor 5.95 7.15 8.33
4th Floor 4.72 5.67 6.62
3rd Floor 3.48 4.18 4.88
2nd Floor 2.25 2.70 3.17

Seismic Force for Zone 1 is one-hall the value shown in the Table
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Table 3-IV Design of Flat-Plate (Column Strip)

Case At Tace of Exterior Column At Face of Interior Column

Mu ¢Mn Rebars Mu oMn Rebars

(ft-kips) (ft-kips) (ft-kips) (ft-kips)

1 80.3 85.6* 14-#4 132.1 132.2 22-9£4
2 90.5 91.5 15-44 142.3 143.6 24- 44
3 100.8 103.3 17-44 152.5 154.9 26-#4
4 54.8 85.6* 14-44 106.5 120.7* 20-#4
5 59.9 85.6% 14-#4 111.6 120.7% 20-#4
6 65.0 85.6* 14-#4 116.8 120.7* 20-#4
7 63.5 85.6%* 14-444 115.3 120.7* 20-+4

*Governed by gravity loading
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Table 3-V Main Reinforcement of Columns

Case Exterior Column Interior Column
1 4-#8 448
2 4-#8 6-48
3 4-#8 69
4 4-48 4-438
5 448 448
6 4-48 4-4£8
7 4-48 4-48

Note: 1. Column size is 16 in. x 16 in.
2. 4-#8, (py = 0.012) is minimum
requirement of ACI 318-83
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SECTION 4
PROBABILISTIC CHARACTERISTICS OF STRUCTURAL
CAPACITY AND LOADS

The nominal structural capacity (resistance) and design loads are specified by simplified
deterministic formulas in building codes. The single values determined by such formulas
are for design purposes. In reality, the actual structural capacity and loads are random in
nature and also involve modeling as well as parametric uncertainty. For example, we not
only cannot predict in advance the occurrence of an earthquake but also cannot precisely
estimate its intensity and duration. Similarly, the structural resistance cannot be deter-
mined precisely since basic parameters such as material strength always exhibit statistical
variation. In addition, the failure mechanism of a structure, which is needed to define
the structural resistance, is usually very complicated and cannot be defined with certainty.
Furthermore, structural behavior is always idealized to simplify the analysis. In view of the
randomness and uncertainty in loads, structural resistance and structural hehavior ete., a
probabilistic approach for the assessment of structural integrity is a rational choice, since

the theory of probability provides a framework for the formal treatment of uncertainties.

An important ingredient for reliability analysis is the identification of limit states. A limit
state represents a state of undesirable structural behavior. It is identified with the aid of
experimental observations and analytical predictions of the actual behavior of a structure
under all conceivable loading conditions. For a structural system, it is likely that more
than one limit state has to be considered. Also, limit states must be specified in terms
of the response quantities obtained by the selected structural analysis. In this paper, the
limit state is defined in terms of base shear. It is recognized that other limit states such
as those in terms of displacement ductility or energy absorption may be important and
should be considered. However, the present study is a preliminary analysis which intends
to illustrate how reliability analysis can be used to access the integrity of code-designed
structures and to identify factors which are significant in the reliability assessment process.

Thus, a simple limit state involving only base shear is considered.

In this study, it is assumed that the key parameters of structural capacity and structural
responses can be treated as random variables whose variability represents a combination
of randomness and uncertainty. Furthermore, it is assumed that these parameters are

log-normally distributed. A log-normal variable X can be described by its median value X



and the logarithmic standard deviation fx, i.e., the standard deviation of £n X . If the co-
efficient of variation (COV) is not very large, say, less than about 0.4, 3x is approximately

equal to the COV value of random variable X.
4.1 Structural Capacity

The structural capacity is affected by variations in material strength, structural geometry
and workmanship. For low-rise shear wall structures, Ellingwood and Hwang [6] estimate
that the median ultimate shear capacity of a shear wall @}‘2 is about 1.70 times the nominal
capacity V, and the COV is 0.18. On the basis of these estimations, the capacities of shear
walls designed for various conditions are summarized in Table 4-1. For flat-plate structures,
the median ultimate capacity is derived based on the plastic analysis shown in Appendix
D. Table 4-1T lists the structural capacity statistics for all cases in terms of base shear.
In Table 4-II, Bgr is taken as 0.25. This value follows from the engineering judgement
that the difference between the median ultimate capacity obtained from plastic analysis
(Appendix D) and that computed in accordance with the design code {Appendix B) is
approximatly three times the standard duration of the random ultimate capacity. In this
connection, the ultimate capacity evaluated in accordance with the design code is assumed

to be the minimum value of the random ultimate capacity.
4.2 Base Shear Due to Wind
The probabilistic model for wind pressure P™ is

P* = 0.00256 C, K ;G (V")? (4.1)

where V* is the wind speed at reference height 10 m. From the analysis of observation
data (1947-1977) at LaGuardia Airport in New York City, Simiu et al. [7] estimate that
the annual extreme wind speed follows a Type I extreme-value distribution with expected
value equal to 50.3 mph and standard deviation equal to 7.23 mph (COV = 0.14). In this
study, it is assumed that the median value V* is the same as the mean, i.e., 50.3 mph and

Gy = 0.14.

The statistics of C;, K and G}, are described by Ellingwooed et al. [8]. The median values

of these factors, é’;, IN{; and é; are taken to be the same as the design values. Thus,
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Table 4-I Statistics of Shear Wall Capacity

Case Wall Horizontal Vo, G = LTV,  Bor Distribution
Thickness Reinforcement
(in) (kips) (kips)
1 3 #3@7in 261.6 444.7
2 5 #3Q@5in 317.5 5339.8
3 5 #4@7in 376.0 639.2
4 5 #308in 244.1 415.0 (.18 Log-normal
5 5 #3Q8in 244.1 415.0
6 5 #3Q8in 244.1 415.0
7 5 #3Q@8in 244.1 415.9
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Table 4-I1 Statistics for Capacity of Flat Plate Structures

Case @”RB @%W Bar Distribution
(kips) (kips)
i 82.4 98.4
2 87.6 104.9
3 92.7 110.7 G.25 Log-normal
4 £0.1 05.8
5 80.1 05.8
L] 80.1 95.8
7 85.8



(f‘; = 1.3, (:?; — 1.36 and K varies with height as shown in Table 2-T or Table 3-L In
addition, fcp = 0.12, Bk, = 0.16 and Jgp = 0.11 as indicated in Ref. 8 are also used in
this study. Therefore, for one shear wall and an equivalent frame of the flat-plate structure,
the median wind pressure P* and Ay are shown in Tables 4-1IT and 4-IV, respectively. The
base shear Jy;, due to wind is a product of the wind pressure and the exposed area of
the building. The dimensions of the building are assumed to be deterministic. Thus, the
variation of the base shear is the same as that of the wind pressure. Tables 4-111 and 4-1V
also show the median base shear due to wind Céf,v and Ggw for shear wall and flat-plate

structures.
4.3 Seismic Base Shear

The total seismic base shear acting on the entire building, Q} 4, is determined by the

following expression in ATC 3-06.

) 1.2 S*W*
Qur = 5omsas A (4.2)

R*(T*)Z/B
In Eq. 4.2, A” is the annual extreme peak ground acceleration (PGA), which is usually

assumed to follow Type II extreme-value distribution [8]:

Fae(a) = expl~(7) ] (4.3)

The parameters 1 and o are estimated to be y == 0.0135 and o = 3.14 for the New York
City area [9]. Thus, Eq. 4.3 gives a COV of 4" equal to 0.6255 and A* = 0.01517. In
this study, A" is assumed to follow a log-normal distribution with the same median A
= 0.01517 and B4+ = 0.5746 corresponding to COV = 0.6255. Figure 4-1 is a plot of
the seismic hazard curves, in which the seismic hazard curve with F4.{a) given by Eq.
4.3 is shown by a dashed curve and the seismic hazard curve corresponding to log-normal
distribution by a solid curve. The log-normal assumption gives an unconservative estimate
of the seismic hazards for extremely high values of A*. However, it produces a conservative
estimate of seismic hazards in the range of A* where the structural capacity is primarily
located. W™ is the weight of the structure. Ellingwood et al. (8] recommended that Sw
be 0.10 and the median of W* be 1.05 times the design value. 1.2/{T"*)%/® is a factor for

linear dynamic response amplification. Based on the data collected by Haviland |10}, the
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Table 4-II1 Statistics of Base Shear Due to Wind (Shear Wall Structure)

Height ok i, G P P
(ft) (mph) (psf)
50 - 70 1.3 0.73 1.36 50.25 8.34
30 - 50 1.3 0.63 1.36 50.25 7.20
15 - 30 1.3 0.50 1.36 50.25 5.71
0-15 1.3 0.37 1.36 50.25 4.23
Qi = (834 x 20 + 7.20 x 20 + 5.71 x 15 -+ 4.23 % 15) x 125/(2 x 1000)
= 28.7 kips
ow = Bp = (B2, + Bk, + Bty +483)"?
= [(0.12) + (0.16)% 4 (0.11)2 + 4(0.14)2] */*
= 0.36
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Table 4-1V

Statistics of Base Shear Due to Wind (Flat-Plate Structure)

Height B K3 G v P*
(ft) (mph) (psf)

50 - 60 1.3 0.68 1.39 50.25 7.94

30 - 50 1.3 0.63 1.39 50.25 7.36

15 - 30 1.3 0.50 1.39 50.25 5.84
0-15 1.3 0.37 1.39 50.25 4.32

Qw = (7.94 x 10 + 7.36 x 20 + 5.84 x 15 + 4.32 x 15) x 100/(6 x 1000)

= 6.3 kips
Pow = Bp = (B2, + Bi, + BZy, +4B8%)/*

[(0.12)% + (0.16)2 + (0.11)? + 4(0.14)2] "/

0.36
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median of period T is taken to be 0.91 times the computed value, and f7 is 0.34. R* is the
(nonlinear) response modification factor. The median value R* for response modification
factor B* is assumed to be 7.0 and 3.0 for shear wall and flat-plate structures, respectively.
For both structures, S is taken as 0.4. Finally, the median soil factor §* is taken to be
the same as the design value, which depends on the soil type. Ag is assumed to be 0.3 for

all soil conditions.

From Eq. 4.2 and the properties of the log-normal variable, the median of the total seismic

base shear Q%1 is

Qpr = == A (4.4)

For each shear wall, the median seismic base shear, QNZ-), is equal to one-half QE’T For soil
types Sy, So and Ss, @"‘L is 20.2 kips, 24.2 kips and 30.3 kips, respectively. For a typical
frame of the flat-plate structure, the median seismic base shear Q3% is 7.0 kips, 8.4 kips
and 10.6 kips respectively for Sy, 53 and S3 soil conditions. Furthermore, Bor and Bggr
are the same and, under the assumed independence of the random variables involved, can

be determined as follows

Bor = Borr = |B5 + By + B + (g)zﬁ% + B (4.5)

From the data described above, g is determined to be 0.80.
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SECTION 5
HELIABILITY ANALYSIS

The limit state probability is used as a measure of the structural integrity. The limit state

probability under earthquake load Py g can be defined as:

“r < (5.1)

Pf!E:PT(Q* >
E

Since (Jp and Q% are log-normally distributed, Eq. 5.1 becomes

~ tn(Qr/Qp)

Prp =@ :
5 N+ )

¥

| (5.2)

where ®{-] is the standardized normal distribution function. Similarly, the limit state

probability under wind load Py is

o~ n(Qh/ Q)
P = ¢
fiw [(B%R __i_ﬁéw)ijz

] (5.3)

Furthermore, disregarding the joint occurrence probability of earthquake and severe wind,

the total limit state probability P; is approximated by

Py EPf,E%-Pf,W (5.4)

The annual limit state probabilities values for shear wall and flat plate structures are
summarized in Tables 5-1 and 5-11, respectively. These limit state probability values are
extremely small and must be interpreted as notional. They are meaningful only for com-
parison purposes. Under these circumstances, we may wish to utilize the safety index S

for the comparison purposes.
Prgor Prw =1 ®(3) (5.5)

The ranges of the safety index 3 corresponding to Ps g and Prw are also indicated in
these tables.



Table 5-1 Annual Limit State Probability (Shear-Wall Structure)

Case

PrE

8.2 x 107°
7.5 x 1075
1.0 x 104
1.1 x 1074
2.6 x 1074

7.1 x 1074

3.2~ 3.8

50 x 10718
11 x 1074
1.1 x 10711
1.1 x 101

1.1 x 10~11

Py

8.2 x 1075
7.5 x 107°
1.0 x 1074
1.1 x 1074
2.6 x 104

7.1 x 1074



Table 5-II Annual Limit State Probability (Flat -Plate Structure)

Case

FPre

1.64 x 107?
2.56 x 1072
4.80 x 1073
1.81 x 10732
3.57 x 1073

7.98 x 1077

24 ~3.0

Py

1.89 x 1010
7.0t x 171
3.23 x 10~
2.69 x 1071
2.69 x 10710
2.69 x 10710

2.60 x 10°1°

6.2 ~ 6.6

5-3

Py

1.64 x 1073
2.56 x 1078
4.80 x 1072
1.81 x 1073
3.57 x 1072
7.98 x 1073

2.69 x 10~1°






SECTION &
CONCLUSIONS

This study presents the design and reliability assessment of low-rise buildings which are
designed according to appropriate provisions of ANSI A58.1-1982 and ACI 318-83. The
low-rise buildings considered in this paper are a shear-wall office building and a flat-plate
apartment building located in New York City. Code specified wind and earthquake loads are
considered for design of these buildings. ¥or the reliability analysis, hazard curves due to
wind or earthquake are established, probabilistic structural response is evaluated, limit
state is defined and annual limit state probabilities are estimated. This work represents
a preliminary study fo demonstrate how knowledge of different scientific and engineering

disciplines can be utilized to assess the actual integrity of structures under natural hazards.

The limit state probability values summarized in Tables 5-f and 5-11 can be used primarily
for comparative purposes. On the basis of the analytical formulation and data used in this

study, the following conclusions are drawn.

1. Seistnic hazard appears to be more serious than the hazard imposed by wind, even
when a zone 2 design is implemented. Thus, a low-rise structure designed for wind
loading without consideration for earthquake loading may require further strengthen-

ing for horizontal seismic force.

2. The seismic hazard curve approaches zero very slowly. Consequently, the limit state
probability due to earthquake is rather insensitive to changes in the structural capac-
ity. Thus, modeling of the seismic hazard needs special attention. Also, the seismic
hazard curve used in the present paper expresses the seismic input only in terms of

PGA. This is obviously not an adequate indicator of the seismic input.

3. The annual limit state probabilities due to wind are quite small as shown in Tables 5-1
and 5-11. Thus, if the design is to be made for an ultimate limit state such as collapse
of the structure, the load and resistance factors specified in ACI 318-83 associated

with the load combination involving wind may be reduced for low-rise RC buildings.

The above conclusions obviously depend on the accuracy and credibility of the various
assumptions made in the present study. Some of the factors that influence the probability

values are delineated below.



()

The ultimate limit state considered in this study may not be the most appropriate
for comparison between the extent of seismic and wind hazard. Limit states that de-
scribe less severe structural damage but more functionally significant states of building

response may need to be considered.

The uncertainty associated with wind and seismic hazard curves will have a significant
impact on the limit state probability. Thus, such uncertainty should be included in

the analysis.

All random variables are assumed to be log-normal. This may or may not be an
appropriate assumption. A more rigorous analytical study is recommended in this

connection.,

Equations 4.1 and 4.2, which are primarily devised for design, are used for estimating
actual forees that will act on a building. Hence, both equations may oversimplify re-
ality. Particularly, Eq. 4.2 involves rather bold simplification of the effects of the non-
linearity, soil properties, and dynamic characteristics of the building. These problems
must be investigated by experts to provide simple yet scientifically sound solutions for

the purpose of more accurate reliability and risk assessment.

Details of local conditions such as interaction of the building with others in the vicinity
are disregarded with respect to wind pressure distributions. Similarly, in dealing with
the seismic effect, local geological and topographical peculiarities are not considered.
The effect of soil conditions is grossly represented by Sy, Sp and S3. The dynamic
interaction of the building with others in the vicinity is again not considered. Whether
or not such detail should be accounted for in a study such as this depends on its
purpose; for example, il the study is to be used for the overall risk assessment of
a stock of shear-wall type buildings in a city area, such detail may not have to be

addressed, indeed may be impossible to address.

Building frames are assumed not to provide lateral resistance. This may be a con-
servative assumption. Also, the effects of possible torsional vibration of the building

may be considerable. These problems must be investigated.

6-2
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APPENDIX A : RC FRAME STRUCTURE WITH RC SHEAR WALLS

A-1 Design Model

As shown in Fig. A-1, this design model consists of a five-story building in which the verti-
cal elements of the laterally resistive system for wind and earthquake loading in each direction
are two reinforced concrete shear walls . The structure of this building is a reinforced con-
crete frame structure with RC shear walls.

The materials used in this building are as follows:
Concreie : fe’= 3,000 psi
Reinforcement : fy = 40,000 psi (for #3 and #4), fy = 60,000 psi (for #5 or bigger)

The following discussion is limited to the design of two shear walls in the north-south direc-
tion.

3’ Roof e
13’
5¢h Floor
13’
4th Floor 57 SLAB
g7° 13° SHEAR
3rd Floor EALL
13’
2nd Floor
15° 227x22"
COLUMN
s AN
10 r L, -
o 25’7 %g: 25’

Fig. A-1a Cross-Section of Shear Wall
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A-2 Loading Condition

The loads acting on the design model in Section A-1 are herein summarized, assuming a
site of New York City.

a) Dead Load

* Roof :
5" slab and 1" finish 63 + 12 = 75 psf
* 2nd through 5th Floors:
5" slab and 1.5" finish 63 + 18 = 81 psf
* Main Beam : Assuming 16" by 27"
16" x (27" - 5") x 155 pef /144 = 379 plf
* Sub Beam : Assuming 12" by 23"
12" % (23" - 53") x 155 pcf /144 = 233 plf
* Column :
3rd through 5th Floors 20" x 20" x 155 pcf / 144 =431 pif
st and 2nd Floors 22" x 22" x 155 pef / 144 = 521 pif
* Exterior Walls : 15 psf
* Shear Walls :
6" thickness and 3" finish 76 + 36 = 112 psf
5" thickness and 3" finish 64 + 36 = 100 psf
b) Live load
Roof : 20 psf
2nd through Sth Floors: 50 psf (see ANSI A58.1)



¢) Wind Load

Assuming a basic wind speed of 80 mph (New York City), the design wind pressure p
can be calculated based on ANSI A58.1-1982[1].

Location : New York City >
Basic wind pressure q,: 9, = O.OOZSGKZ(IV) (psf)

where
I = 1.05 (Category I at hurricane ocean line)
V = 80 mph

KZ: use Exposure B

0.37 for O to 15 ft height
0.50 for 15 to 30 ft height
0.63 for 30 to 50 fi height
0.73 for 50 to 70 ft height

Table A-1 Basic Wind Pressure

Height (ft) q, (psf)
Cto 15 6.683
15 to 30 8.032
30 to 50 11.38
50 to 70 13.19

The design wind pressure p is given by following formula and is shown in
Table A-2.

p= quthp* = quthCp oWy thGhXCp(L)

where

h=70ft

Gh= 1.36 (Exposure B at 70 ft height)

Cp(Windward) = 08

Cp(Leeward) =05

Table A-2 Design Wind Pressure

Height (ft) quthCp W) thGhXCp(L) p (psf)
Oto 15 7.271 -8.969 16.24
15 to 30 9.827 -8.969 18.80
30 o0 50 12.381 -8.969 21.35
50 to 76 14.351 -8.969 23.32




d) Earthquake Load

Assuming seismic zone 2 (New York City), the total lateral base shear is calculated in
this section based on ANSI A58.1-1982{1].

Q = ZIKCSW

where
Q = total lateral shear force at base (Ibs)
7, = numerical coefficient due to zoning
K = numerical coefficient due to building system
I = occupancy importance factor
C = 1/15VT but not more than 0.12
S = soil factor
W = total dead load (Ibs)

Let the location = New York City (seismic zone 2)
Z = 3/8
I = 1.0 (Category I)
K = 1.0 (Building frame system with shear walls designed by ACI 318)
T = 0.05 hn AT (sec.)

hn=771%
D =75 ft (in north-south direction)
T =0.05 x 7775 = 0.4446 sec.

C = 1/15:/6.4446 = 0.10

S = 1.0 (Soil Profile Type S1 : Rock)
1.2 ( " S2 . Sdff Clay)
1.5 ( " 83 : Soft Clay)

But CS need not be greater than 0.14.

i} Under soil condition 51 :
Q=38x10x10x010xW=00375W

i) Under soil condition S2 :
Q=38x1.0x1.0x0.12xW=0.0450 W

iii) Under soil condition 83 :
Q=38x10x10x014xW=00525W

A-6



¢) Load Combination for Design
Load combinations are determined based on ACI 318-83[8].

Case 1 : U=14D + 1.7L
Case 2: U=075 (14D + 1.7L + 1.7W ) for Wind

Case 3: U =09D + 1.3W for Wind
Case 4 : U =075 (14D + 1.7L + 1.87E) for Earthquake
Case 5: U =09D + 143E for Earthquake
where

U = Required strength for design

I = Dead load

L = Live load

W = Wind load

E = Earthquake load



A-3 Design for Wind

The design of the building for wind load is based on ACT 318-83{8]. The design wind
pressure p is shown in Fig. A-2, and the lateral load for each floor HI’ Hz, HB’ H & H5
(Fig. A-2) can be calculated as follows.

H, = 23.32 x (125x9.5) = 27693 1bs = 27.63 kips
H, = 23.32 x (125x10.5) + 21.35 x (125x2.5) = 37279 1bs = 37.28 kips
H3 = 21.35 x (125x13.0) = 34649 Ibs = 34.69 kips
H4 = 21.35 x (125x4.5) + 18.80 x (125x8.5) = 31984 1bs = 31.98 kips
Hy = 18.80 x (125x6.5) + 16.24 x (125x7.5) = 30500 lbs = 30.50 kips
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Fig. A-2 Wind Forces



a) Design of Shear Walls

Assuming 100% of the lateral load is to be resisted by the two shear walls, the shear
walls are designed based on ACI 318-83[8]. A shear force diagram is shown in Fig.
A-3.

* Required Shear Strength : Vu
Vu =13 x 81.05 = 1054 kips (Using load combination case 3)

* Design Criteria of Shear Wall :

Vu< ¢ Vn (ACI 318-83, Eq.11-1)
where
Vn=Vc+ Vs (ACI 318-83, Eq.11-2)
¢ = 0.85 (Capacity reduction factor)
Ve=2+fc” hd (ACI 318-83, Eq.11-3)
Vs=Aviyd/ Sy (ACT 318-83, Eq.11-17)
where
fc’ = 3,000 psi (concrete strength)
h = thickness of shear wall (in.)

d =0.8 lw (Iw : length of shear wall, in.)

Av = area of horizontal shear reinforcement within vertical distance S5
(sq.in.)

s, = vertical distance between horizontal reinforcement (in.)

fy = 40,000 psi (yield strength of reinforcement)

* 1st Floor Shear Wall
Assuming the axial force caused by the overturning moment due to lateral force
is resisted by the end columns, the shear walls are designed only for shear force.

Assuming h = 5",
Ve=2x+3000x 5 x(25°x12 - 22"y x 0.8 = 121.8 kips
Provide #3 rebars @ 8 in, for horizontal reinforcement,

Vs = 0.11 x 40000 x 222.4 / 8 = 122.3 kips
p, = 0.00275 > min. req. py = 0.0025

O Vn=0(Vc+Vs)=085x(121.8 + 1223) = 2075 kips > Vu= 1054 kips

A-9
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b) Design of Shear Wall End Column

* Calculation of Dead Load of Column
Tributary area of column = 25" x 25’ = 625 sq.ft.

5th Floor
Roof 75 x 625 = 46.9 kips
Main beam 379 x (257 + 25'/2) = 14.2 kips
Sub beam 233 x 25" x 2 = 11.7 kips
Shear wall 100 x 11.6° x 137 = 15.1 kips
Column 431 x 13’ = 5.6 kips
Subtotal 93.5 kips
3rd and 4th Floors
Floor 81 x 625 = 50.6 kips
Beam, Wall and Column 46.6 kips
Subtotal 97.2 kips
Z2nd Floor
Floor 81 x 625 = 50.6 kips
Beam 142 + 11.7 = 25.9 kips
Shear Wall 15.1 kips
Column 521 x 1% = 6.8 kips
Subtotal 58.4 kips
Ist Floor
Floor 81 x 625 = 50.6 kips
Beam 142 + 11.7 = 25.9 kips
Shear wall 100 x 11.6° x 15° = 17.4 kips
Column 521 x 15° = 7.8 kips
Subtotal 101.7 kips

* Calculation of Live Load of Column

5th Floor
Roof 20 x 625 = 12.5 kips

1st through 4th Floors
Floor 50 x 625 = 31.3 kips

A-11



* Load Combinations

Axial load due to overturning moment PW at 1st floor :
Py = 33204 /1 23.2 = 143.1 kips

Axial load due to dead load PD at 1st floor :
PD =935 +972x2+ 984 + 101.7 = 488.0 kips

Axial load due to live Ioad PL at Ist floor :

Py = 12.5 + 31.3 x 4 = 137.7 kips
Required Strength of Axial Load Pu :
Case 1 : Pu =14 x 488.0 + 1.7 x 137.7 = 917.3 kips
Case 2 : Pu = 0.75 ( 1.4x488.0 + 1.7x137.7 £ 1.7x143.1) = 870.4 or 5035.5 kips
Case 3 : Pu = 0.9 x 488.0 £ 1.3 x 143.1 = 625.2 or 253.2 kips

Therefore, design load Pu shall be determined by load combination case 1 :
Pu = 917.3 kips (for Dead and Live load).

* Design of Column (at 1st floor shear wall end)
Pu<¢Pn

where ¢ = 0.70
¢ Pn=0800¢[ 085 fc Ac + fy Ast ] (ACI 318-83, Eq.10-2)
Ac : Gross sectional area of concrete column (sq.-in.)
Ast @ Total area of longitudinal reinforcement (sq.-in.)

Use fc’ = 3000 psi, and assume a 22 in. by 22 in. square columns with 10 #8 rebars
for longitudinal reinforcement.

¢ Pn =080 x 0.70 x [ 0.85x3x22x22 + 60x0.79x10 ] = 956.6 kips > Pu = 917.3 kips

A-12



A-4 Design for Earthquake (Seismic Zone 2)

a) Calculation of Total Dead Load

Roof :
Roof
Main Beam
Sub Beam
Column
Exterior Walls
Shear Walls
Subtotal

4th and 5th Floors :

Floor
Main Beam
Sub Beam
Column
Exterior Walls
Shear Walls
Subtotal

3rd Floor :
Floor
Beam
Column
Exterior Walls
Shear Walls
Subtotal

2nd Floor :
Floor
Beam
Column
Exterior Walls
Shear Walls
Subtotal

1st Floor :
Column
Exterior Walls
Shear Walls
Subtotal

Total Dead Load :

75 x 125 x 75 = 703.1 kips
379 x (125 x4+ 75 x 6) = 360.1 kips
233 x (75 x2x 5) = 174.8 kips
431 x 6.5 x 24 = 67.2 kips
15 x 6.5 x 350 = 34.1 kips
100 x 6.5 x 100 = 65.0 kips
1404.3 kips

81 x125x 75 = 759.4 kips
379 x (125 x4 + 75 x 6) = 360.1 kips
233 x (75 x 2 x 5) = 174.8 kips
431 x 13.0x 24 = 134.5 kips
15 x 13.0 x 350 = 68.3 kips
160 x 13.0 x 100 = 130.0 kips
1627.1 kips

81 x 125 x 75 = 759.4 kips
360.1 + 174.8 = 534.9 kips
(431 +521) x 6.5 x 24 = 148.5 kips
68.3 kips

(100 + 112) x 6.5 x 100 = 137.8 kips
1648.9 kips

81 x 125 x 75 = 759.4 kips
360.1 + 174.8 = 534.9 kips
521 x 14.0 x 24 = 175.1 kips
15 x 14.0 x 350 = 73.5 kips
112 x 14.0 x 100 = 156.8 kips
1699.7 kips

521 x 7.5 x 24 = 93.8 kips
15 x 7.5 x 350 = 39.4 kips
112 x 7.5 x 100 = 84.0 kips
217.2 kips

W = 8224.3 kips

b) Calculation of Base Shear Q
Under soil condition 81 : @ = 0.0375W = 0.0375 x 8224.3 = 308.4 kips

Under soil condition S72

x 2 = 3254.2 kips

Q = 0.0450W = 0.0450 x 8224.3 = 370.1 kips

Under soil condition S3 : Q = 0.0525W = 0.0525 x 8224.3 = 431.8 kips

A-13



¢} Distribution of Earthquake Forces

Assuming Ft = zero, since T=0.4446 sec., and the bottom of the base is 10 feet below
the ground floor, the lateral force at each floor, Fx, can be calculated based on ANSI
AS58.1-1982{1]1. The earthquake loads applied to the shear walls are shown in Tables
A-3, A-4 and A-S and in Fig. A-4.

Fx =Q Wx hx / (Z'Wi hi}

Table A-3 Lateral Force Fx : Soil Condition S1 (Q=308.4 kips)

Levei W hx W hx FX
(kips)  (fY) (kips)
Roof 1404.3 77 108131 82.8

5th Floor 16271 64 104134 79.8
4th Floor 16271 51 82982 63.6
3rd Floor 16489 38 62658 48.0
2nd Floor 16897 25 42493 32.6
Ist Floor 217.2 10 2172 1.7

Ewi hi 402570
Table A-4 Lateral Force Fx : Soil Condition $2 (Q=370.1 kips)
Level W hx W hx Px
(kips) () (kips)
Roof 14043 77 108131 994

5th Floor 1627.1 64 104134 95.7
4th Floor 1627.1 51 82982 76.3
3rd Floor 16489 38 62658 57.6
2nd Floor 16997 25 42493 39.1
st Floor 217.2 10 2172 2.0

Ewi hi 402570
Table A-5 Lateral Force Fx : Soil Condition 83 (Q=431.8 kips)
Level W, hx W hx Fx
(kips)  (f0) (kips)
Roof 14043 77 108131 1160

5th Floor  1627.1 64 104134  11L..7
4th Floor  1627.1 51 82982 89.0
3rd Floor  1648.9 38 62658 67.2
2nd Floor 16967 25 42493 45.6
ist Floor 2172 10 2172 2.3

Zw; h. 402570

A-34
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d) Design of shear walls at ist fioor
d-1) Under Soil Condition S1 :
* Required Shear Strength Vu
Vu =143 x 1534 = 216.4 kips (using load combination case 5)

* Shear wall design
Assuming the axial force caused by the overturning moment due to lateral force is
resisted by the end columns, the shear walls are designed only for shear force.

Assuming h = 5",
Ve=2x+3000x5x (25 x12-22"yx 0.8 = 121.8 kips
Provide #3 rebars @ 7 in. for horizontal reinforcement.
Vs = 0.11 x 40000 x 222.4 / 7 = 139.8 kips
O Von=¢ (Ve + Vs) =0.85 x (121.8 + 139.8) = 222.4 kips > Vu = 2194 kips

d-2) Under Soil Condition §2
* Required shear strength Vu
Vu = 143 x 184.2 = 263.4 kips (using load combination case 5)

* Shear wall design
Assuming the axial force caused by overturning moment due to lateral force is
resistive by end columns, shear walls are designed only for shear force.

Assuming h = 5",
Ve=2x+3000x5x(25 x12-22"yx 0.8 = 121.8 kips
Provide #3 rebars @ 35 in. for horizontal reinforcement.
Vs =0.11 x 40000 x 222.4 / 5 = 195.7 kips
¢ Vn=20 Ve +Vs) =0.85x (121.8 + 195.7) = 269.9 kips > Vu = 2634 kips

A-16



d-3) Under Scil Condition 83
* Required shear strength Vu
Vu =143 x 214.8 = 307.2 kips (using load combination case 5)

* Shear wall design
Assuming the axial force caused by the overturning moment due to Iateral force is
resisted by the end columns, the shear walls are designed only for shear force.

Assuming h = 5",
Ve =2x+3000x 35 x (25 x 12 -22") x 0.8 = 121.8 kips
Provide #4 rebars @ 7 in. for horizontal reinforcement.
Vs = 0.20 x 40000 x 2224 / 7 = 254.2 kips
¢ Vn=¢ (Ve + Vs) = 0.85 x (121.8 + 254.2) = 319.6 kips > Vu = 307.2 kips

¢) Design of Shear Wall End Column at 1st Floor
e-1) Under Soil Condition S1 :
* Load Combinations

Axial load due to overturning moment P at 1st floor :
PE = 7148.7 /1 23.2 = 308.1 kips
PD = 488.0 kips
PL = 137.7 kips

Required strength of axial load Pu :
Case 1 : Pu=14x488.0 + 1.7 x 137.7 = 917.3 kips
Case 4 : Pu = 0.75 ( 1.4x488.0 + 1.7x137.7 £ 1.87x308.1) = 1120.1 or 255.9 kips
Case 5 : Pu=0.9 x 488.0 + 1.43 x 308.1 = 879.8 or -1.4 kips

Therefore, design load Pu shall be determined by load combination case 4 :

Pu = 1120.1 kips (for positive PE).

* Design of Column (at 1st floor shear wall end)

Use fc’ = 3000 psi, and assume 22 in. by 22 in. square columns with 14 # 9 rebars
for longitudinal reinforcement.

¢ Pn = 0.80 x 0.70 x [0.85x3x22x22 + 60x1.0x14] = 1161.6 kips > Pu = 1120.1 kips
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e-2) Under Soil Condition 52 :
* Load Combination

Axial load due to overturning moment P at st floor :
Pg = 8583.1 / 23.2 = 370.0 kips
PPy = 488.0 kips
Py =137.7 kips

Required strength of axial load Pu :
Case 1 : Pu= 1.4 x 488.0 + 1.7 x 137.7 = 917.3 kips
Case 4 : Pu = 0.75 ( 1.4x488.0 + 1.7x137.7 £ 1.87x370.0) = 1206.9 or 169.1 kips
Case 5 : Pu=0.9 x 488.0 £ 1.43 x 370.0 = 968.3 or -89.9 kips

Therefore, design load Pu shall be determined by load combination case 4 :
Pu = 1206.9 kips (for positive PE)'

* Design of Column (at 1st floor shear wall end)

Use fc’ = 3000 psi, and assume 22 in. by 22 in. square columns with 16 # 9 rebars
for longitudinal reinforcement.

¢ Pn = 0.80 x 0.70 x [0.85x3x22x22 + 60x1.0x16] = 1228.8 kips > Pu = 1206.9 kips

e-3) Under Soil Condition S3 :
* Load Combination

Axial load due to overturning moment PE at 1st fioor :
PB = 10011.9 / 23.2 = 451.5 kips
PD = 488.0 kips
PL = 137.7 kips
Required strength of axial load Pu :
Case 1 :Pu=14x488.0+ 1.7 x 137.7 = 917.3 kips
Case 4 : Pu = 0.75 ( 1.4x488.0 + 1.7x137.7 £ 1.87x451.5) = 1321.2 or 34.7 kips
Case 5 : Pu =09 x 488.0 = 1.43 x 451.5 = 1084.8 or -206.4 kips

Therefore, design load Pu shall be determined by load combination case 4 :
Pu = 1321.2 kips (for positive PE)'
* Design of Column (at 1st floor shear wall end)

Use fc’' = 3000 psi, and assume 22 in. by 22 in. square columns with 20 # 9 rebars
for longitudinal reinforcement.

¢ Pn = 0.80 x 0.70 x [0.85x3x22x22 + 60x1.0x20] = 1363.2 kips > Pu = 1321.2 kips

A-18



A-5 Comparison of Wind and Earthquake Designs

A summary of the required shear force, factored shear strength and nominal strength of
the shear wall at the first floor is shown in Table A-6. A summary of the columns of the
shear wall end at the Ist floor is also shown in Table A-7. In these tables, "W’ indicates a
building designed for wind load only, and 'E-1°, 'E-2’ and 'E-3’ indicate buildings
designed for earthquake load under soil conditions 81, 82 and 83, respectively, in addition
to wind load.

With regard to this design model, the shear forces due to earthquake loads based on ANSI
A58.1 are greater than that due to wind load (see Table A-6). Since the wind load is rela-
tively small, the design load Pu of the end columns under wind loading (W) is determined
by load combination Case 1 (Dead + Live loads). However, the design loads Pu under
earthquake loading (E-1, E-2 and E-3) are determined by load combination case 4 (Dead +
Live + Earthquake loads).

Table A-6 Summary of Shear Walls at 1st Floor
(Seismic Zone 2)

W E-1(81) E-2(52) E-3(S3)
Q (kips) 81.05 1534 184.2 214.8
Yu (kips) 105.4 2194 263.4 307.2
¢ Vn (kips) 207.5% 2224 269.9 319.6
Section h = 5" h=35" h = 5" h = 35"
#3@8in. #M3@7T7in. #3@S5in. #M@7in
(horiz.) (horiz.) (horiz.) (horiz.)
Notes:
Q : Shear force of each shear wall due to lateral load
Vu : Required factored strength based on ACI 318

¢ Vn  : Reduced nominal shear strength based on ACI 318
¢ Vn =6 (Vc + Vs)
* This value is determined by minimum reinforcement in ACT 318.

Table A-7 Summary of Columns at 1st Floor
(Seismic Zone 2)

W E-1(81) E-2(82) E-3(83)
Pu (kips) 917.3 1120.1 1206.9 1321.2
¢ Pn (kips) 956.6 1161.6 1228.8 1363.2
Section 22" x 22" 22" x 22" 22" x 22% 22" x 22"
10 - #8 14 - #9 16 - #9 20 - #9
(longitud.)  (longitud.)  {longitud.) (longitud.)
Notes:
Pu : Required factored strength based on ACI 318

¢ Pn  : Reduced nominal axial strength based on ACI 318
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A-6 Design for Earthquake {Seismic Zone 1)

To obtain the general trend between wind and earthquake loads, the following cases are
studied for reference.

* 1 et Seismic Zone (in ANSI A38.1)=1; Z=3/16

* Base Shear  becomes one-half the values in Section 3-4.
Under soil condition S1 : Q =0.01875W = 154.2 kips
Under soil condition 82 : Q =0.02250W = 185.1 kips
Under soil condition 83 : @ = 0.02625W = 215.9 kips

A summary of the shear force and required factored shear strength and nominal strength
of the shear wall at the first floor is indicated in Table A-8. In this table, W’ indicates a
building designed for wind load only, and 'E-1’, ’E-2’ and ’E-3’ indicate buildings
designed for earthquake load under soil conditions S1, S2 and S3, respectively, in addition
to wind load.

With regard to this design model, design forces of shear wall due to "Seismic Zone 1" are
still greater than those due to wind. However, the capacity of shear walls was determined
by the minimum reinforcement requirement of ACI 318.

Table A-8 Summary of Shear Walls at 1st Floor
(Seismic Zone 1)

W BE-1(81) E-2(82) E-3(83)
Q (kips) 81.05 76.7 92.1 107.4
Vu (kips) 105.4 109.7 131.7 153.6
¢ Vn (kips) 207.5* 207.5% 207.5% 207.5%
Section h =5" h=5" h=35" h=5"
#H3@8in. #3@8in. #3 @ 8in. #3 @ 8§ in.
(horiz.} {horiz.) (horiz.) (horiz.)
Notes:
Q : Shear force of each shear wall due to lateral load
Vu : Required factored strength based on ACI 318

& Vn  : Reduced nominal shear strength based on ACI 318
¢ Vn =6 (Ve + Vs)
* This value is determined by the requirement of minimum reinforcement.
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APPENDIX B : RC SOLID FLAT PLATE STRUCTURE
B-1 Design Model

As shown in Fig. B-1, this design model is a five-story building which consists of two way
solid flat plates and columns. This building is supposed to be an apartment house or a dor-
mitory or small hotel.

The materials used in this building are as follows:
Concrete : fo’= 4,000 psi
Reinforcement : fy = 60,000 psi

The following discussion is limited to the design in the north-south direction.
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Fig. B-1 Plan and Cross-Section of Building
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B-2 Loading Condition

Loads acting on the design model in Section B-1 are herein summarized, assuming a site
of Mew York City.

a} Dead Load

* Roof through 2nd Floor :
8" slab 100 psf

* Columm :
16" x 16" x 155 pef / 144 = 276 plf

* Exterior Walls : 15 psf

b) Live load

Roof : 20 psf
Floor : 50 psf
where 40 psf (use Dwellings or Hotels in ANSI AS58.1)
10 psf (other super-imposed live load, such as partitions)

¢) Wind Load

Assuming a basic wind speed of 80 mph (New York City), design wind pressure p can
be calculated based on ANSI A58.1-1982[1].

Location : New York City 5
Basic wind pressure g : g, = 0.00256KZ(IV) (psf)

where
I = 1.05 (Category I at Hurricane ocean line)
¥V = 80 mph

Kz: use Exposure B

0.37 for 0-15 {t height
0.50 for 15-30 ft height
0.63 for 30-50 ft height
0.68 for 50-60 ft height

Table B-1 Basic Wind Pressure
Height {ft) q, {(psD)

0t 15 6.683
15 to 30 9.032
30 to 50 11.38
50 10 66 12.28




Design wind pressure p is given by the following formula and is shown in
Table B-2.

p = quthp* = quthcp(W) - thGhXCp(L)

where
h = 60 ft
Gh: 1.39 (Exposure B at 60 ft height)
Cowindwaray = -8
Cp(Leewa,rd) =-03

Table B-2 Design Wind Pressure

Height (f) | q,xGypxC gy | ap*CpCoy | P (Psh

Oto 15 7.431 -8.535 15.97
15 to 30 10.04 -8.535 18.58
30 to 50 12.65 -8.535 21.19
50 10 60 13.66 -8.535 22.20

d) Earthquake Load

Assuming seismic zone 2 (New York City), the total lateral base shear is calculated in
this section based on ANSI A58.1-1982[1].

Q = ZIKCSW

where
Q = total lateral shear force at base (lbs)
Z = numerical coefficient due to zoning
K = numerical coefficient due to building system
I = occupancy importance factor
C = 1/15vT but not more than 0.12
S = soil factor
W = total dead load (Ibs)

Let the location = New York City (seismic zone 2)
2 =3/8
I= 1.0 (Category T)
K = 1.0 (Assumption)
T = 0.05 hn /D (sec.)

hn =70 £t
D = 60 ft (in north-south direction)
T =0.05 x 70//60 = 0.4518 sec.
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C = 1/154/0.4518 = 0.10

S = 1.0 (Soil Profile Type S1 : Rock)
1.2 ( " S$2 : Stiff Clay)
1.5 ( " $3 : Soft Clay)

But CS need not be greater than 0.14.

i} Under soil condition S1 :
Q=38x10x10x010xW=00375 W

ii) Under soil condition S2 :
Q=38x10x1.0x012xW=00450 W

iii) Under soil condition S3 :
Q=38x10x10x014xW=00525W

e) Load Combinations for Design
Load combinations are determined based on ACI 318-83[8].

Case 1 : U =140+ 1.7L
Case 2: U=0.75(14D + L.7L + L.LTW ) for Wind

Case 3: U=09D + 1.3W for Wind
Case4:U=075(14D + 1.7L + 1.87E) for Earthquake
Case 5: U =0.9D + 1.43E for Earthquake
where

U = Required strength for design

D = Dead load

L = Live load

W = Wind load

E = Earthquake load
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B-3 Calculation of Lateral Loads

a) Wind Load

The wind load is calculated based on ANSI AS58.1[1]. The design wind pressure p is
shown in Fig. B-2, and the lateral load for each fioor Hly HfZ’ Hg, H@, HS (Fig. B-2) can
be calculated as follows.

H, =22.20 x (100x6.0) = 13320 1bs = 13.32 kips
H,y = 22.20 x (100x4.0) + 21.19 x (100x8.0) = 25832 1bs = 25.83 kips
Hy = 21.19 x (100x12.0) = 25428 1bs = 25.43 kips
H, = 18.58 x (100x12.0) = 22296 1bs = 22.30 kips
H = 18.58 x (100x3.0) + 15.97 x (100x9.0) = 19947 1bs = 19.95 kips
Hy
22.20 o o
Hy
] - ™
21.19 & H,
— o
— Hy
18.58 = in "
i E%I?‘.;i
— H,
15.97 n kY
PP PRI P P PELSF &L Par s 12?7?7?3’7"
Wind Pressure (psf) Lateral Wind Force

Fig. B-2 Wind Forces



b) Earthquake Load (Seismic Zone 2)

* Calculation of Total Dead Load

Roof :
Roof 100 x 100 x 60 = 600.0 kips
Column 276 x 6.0 x 24 = 39.7 kips
Exterior Walls 15 x 6.0 x 320 = 28.8 kips
Subtotal 668.5 kips
2nd through 5th Floors
Floor 100 x 100 x 60 = 600.0 kips
Column 276 x 12.0 x 24 = 79.5 kips
Exterior Walls 15 x 12.0 x 326 = 57.6 kips
Subtotal 737.1 kips x 4 = 2948.4 kips
1st Floor :
Column 276 x 6.0 x 24 = 39.7 kips
Exterior Walls 15 x 6.0 x 320 = 28.8 kips
Subtotal 68.5 kips
Total Dead Load : W = 3685.4 kips

* Calculation of Base Shear Q

Under soil condition S§1 : Q = 0.0375W = 0.0375 x 3685.4 = 138.2 kips
Under soil condition 52 : Q = 0.0450W = 0.0450 x 3685.4 = 165.8 kips
Under soil condition 83 : Q = 0.0525W = 0.0525 x 3685.4 = 193.5 kips

* Distribution of Earthquake Forces

Assuming Ft = zero, since T=0.4518 sec., and the bottom of the base is 10 feet below
the ground floor, the lateral force at each floor, Fx, can be calculated based on ANSI
AS58.1-1982[1]. The earthquake loads applied to the buildings are shown in Tables B-3,
B-4, B-5 and Fig. B-3.

Fx = Q Wx_ hx / (ZWi hi)

Table B-3 Lateral Force Fx : Soil Condition 51 (Q=138.2 kips)

Level W hx w, hx Fx
(kips}  (ft) (kips)
Roof 668.5 70 46795 39.1

5th Floor 737.1 58 42752 35.7
4th Floor  737.1 46 33007 28.3
3rd Floor 737.1 34 25061 20.9
2nd Floor 737.1 22 16216 13.5
1st Floor 68.5 10 685 0.6

Ewi hi 165416
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Table B-4 Lateral Force Fx : Soil Condition 52 (3=165.8 kips)

Level Wy hx W hx FX
(kips) (ft) (kips)
Roof 668.5 70 46795 46.9

5th Floor  737.1 58 42752 429
4th Floor  737.1 46 33907 34.0
3rd Floor 737.1 34 25061 25.1
2nd Floor 737.1 22 16216 16.2
1st Floor 68.5 10 6835 0.7

Zwi hi 165416

Table B-5 Lateral Force Fx : Soil Condition 83 (Q=193.5 kips)

Level W, hx W hx Fx
(kips)  (f) (kips)
Roof 668.5 70 46795 547

5th Floor 737.1 58 42752 50.0
4th Floor 737.1 46 33907 39.7
3rd Floor  737.1 34 25061 29.3
2nd Floor  737.1 22 16216 19.0
st Floor 68.5 10 685 0.8

Ewi hi 165416
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B-4 Summary of Design Results

From detailed calculation based on ACI 318-83[8] (see Appendix C), the most critical area
of lateral loading are the slab ends of the column strips. A summary of the design results
on the column strip slab (see Fig. C-1) is indicated in Tables B-6 and B-7 (see section C-4
f also), A summary of the design results for columns is indicated in Tables B-8§ and B-9
(see section C-5 also).

Table B-6 Summary of Column Strip Design Considering Lateral Load
(Seismic Zone 2)

W S1 s2 83
At Face of Exterior Column
Mu (fi-kips) 63.5 80.3 9C.5 100.8
¢ Mn (ft-kips) 85.6* 85.6 91.5 103.3
Reinforcement 14 - #4 14 - #4 15 - #4 17 - #4
At Face of Interior Column
Mu (ft-kips) 115.3 132.1 142.3 152.5
¢ Mn (ft-kips) 120.7* 132.2 143.6 154.9
Reinforcement 20 - #4 22 - #4 24 - #4 26 - #4

Table B-7 Summary of Column Strip Design Considering Lateral Load

(Seismic Zone 1)

W S1 s2 53
At Face of Exterior Column
Mu {ft-kips) 63.5 54.8 59.9 65.0
¢ Mn (ft-kips) 85.6% 85.6%* 85.6* 85.6*
Reinforcement 14 - #4 14 - #4 14 - #4 14 - #4
At Face of Interior Column
Mu (ft-kips) 115.3 106.5 111.6 116.8
¢ Mn (ft-kips) 120.7* 120.7* 120.7* 120.7*
Reinforcement 20 - #4 20 - #4 20 - #4 20 - #4
Notes;
W = is designed for Wind only
S1 . designed for Earthquake under S1
52 : designed for Earthquake under S2
83 : designed for Earthquake under §3

Sections : b = 10 f1.

and h=28"

Mu : Required factored strength

¢ Mn : Reduced nominal moment strength

OMn=¢[Asfy(d-a/2)]
*) This value was determined by gravity loading.
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Table B-8 Summary of Column Designs

(Seismic Zone 2)

W E S1 | 52 83
Exterior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - #8* 4 - #8% 4 - #8* 4 - #8%*
Provided pg 0.012 0.012 0.012 0.012
Interior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - #8% 4 - #8* 6 - #8 6 - #9
Provided pg 0.012 0.012 0.0185 0.023
Table B-9 Summary of Column Designs
(Seismic Zone 1)
Y 51 S2 S3
Exterior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - #8* 4 - #8* 4 - #8* 4 - #8*
Provided pg 0.012 0.012 0.012 0.012
Interior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - #8* 4 - #8* 4 - #8* 4 - #8*
Provided pg 0.012 0.012 0.012 0.012
Notes;
W : designed for Wind only
S1  : designed for Earthquake under S1
§2 : designed for Earthquake under 52
§3 . designed for Earthquake under S3
pg @ Ratio of longitudinal column reinforcements to column sectional area

*} This reinforcement was determined from minimum requirement in ACI 318-83
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B-5 Summary of Ultimate Structural Capacity

From detailed calculations (see Appendix D), since the ultimate capacity is dependent on
the external load, the ultimate structural capacity of each frame can be derived as follows,

using plastic analysis[11].

Table B-10 Summary of Ultimate Capacity of Each Frame

W ! S1 E 82 E S3
Seismic Zone 2
QuE (kips) 82.4 87.6 92.7
QuW (leips) 95.8 08.4 104.9 110.7
Seismic Zone 1
Qg (kips) 80.1 80.1 80.1
Quw (kips) 95.8 958 958 95.8

Notes;
W designed for Wind only
51 : designed for Earthquake under S1
g2 : designed for Earthquake under S2
S3 : designed for Earthquake under §3
QuE : Ultimate Capacity of Each Frame at 1st Floor for Farthquake Loading

QuW : Ultimate Capacity of Each Frame at 1st Floor for Wind Loading
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APPENDIX C :

Detailed Calculation of BC Solid Flat-Plate Structure

C-1 Design of Two-way Solid Flat-Plate Slab for Dead and Live Loads

ACI 318-83 Code[8] allows a Direct Design Method (Section 13.6) and Equivalent Frame

In this appendix, the Equivalent Frame
Method (Fig. C-1) will be used, since the Direct Design Method is basically simplified and

discussions are limited to the design of

Method (Section 13.7) for two-way slab systems.

its a practical method for first trial. The following
interior equivalent frame in north-south direction.

a) Plate thickness (h) : Assume h = &"

Minimum requirement of ACI 318-83 (9.5.3.1.(a3)) is 5-in.
In Eq. 9-11, 9-12, let ln =20 - 16/12 = 18.67 ft. and fy = 60,000 psi,

the following equations are given.

From Eg. 9-11 min. h =1 /32.73 = 6.8"
min. h =1 /287 = 7.8"
min. h =1 /277 = 8.1"
From Eq. 9-12 min. h = ln/41.8 = 54"
min. h =1 /3698 = 6.1"
min. b =1 /3595 = 6.2"

Therefore, the assumption of h = 8" will be ado

(square interior panel)
(square edge panel)
(square corner panel)

(square interior panel)
(square edge panel)
(square corner panel)

pted.

Middle Strip ——

. Middle Strip

Column Strip

}
920’
E— _ i 8
80 $ y
20"’ ] g
— & B B
i | | B /)§i B - |
i \ ! \L Equivalent Frame
20’ 20— — 20° 20— — 207
100°

Fig. C-1 Equivalent Frame
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b) Determine column stiffness (Kc) and slab stiffness (Ks) ¢

Kc:fiEIc/(lC-Zh), Ks==4EIs/(11-O.5xcl)
where
Ic, Is = gross section moment of inertia of column and slab (i.n4)
i e = story height (in.}
Il = center-to-center span (in.)
¢y = column dimension (in.}
Ic —16x16° /12 - 5460 in*
Ke/E =4x 546? ! (144 - 2x8) = 171 4
Is =240 x 8 /12 = 10240 in
Ks/E =4 x 10240/ (240 - 0.5x16) = 176

* Check of ratio of column-to-slab stiffness ((xmi n) : (ACT 318-83,13.6.10)
The ratio of dead load to live load : Ba

ﬁa=100/50=2.0 and =0
From Table 13.6.10 (ACI 318-83), o= G
a022x171/176m1.945 > aminzﬁ

Therefore, it is not necessary to consider the moment multiplication factor 3s.

¢) Stiffness of equivalent column (Kec)

Kec=2Z Ke/(1+ZKc/Kt) (ACI 318-83 Commentary 13.7.4)
where Kt is the torsional stiffness of the plate at the side of the column.

Kt =29 EC/ L - ¢)fl,)°) (ACI 318-83, Eq.13-6)

C=$(1-063xy)xy/3 (ACI 318-83, Eq 13-7)

where x = 8 in.,, y = 16in., £ =1 in this model.
C=1x(1-063x816)x8 x16/3 = 1870
Kt/E=2x9x 1870 / (240 x (1 - 0.0667)°) = 172

Therefore,
Kec /E=2x171/(1 +2x171/172) = 114

d) Moment distribution factors (IDF)

DF(ext) = Ks / (Ks + Kec) = 176/ 290 = 0.607
DF(int.) = Ks / (2Ks + Kec) = 176 / 466 = (.378

C-3



e) Design moment for moment distribution

Based on ACI 318-83,13.7.6.2, the equivalent frame can be analyzed neglecting the full-de-
sign gravity load on the spans and pattern loading.

w, =14x100x20x 10"“3?§ _ 2.80 XIf
W =L7x 50x20x 1 _ 170 XIf
FEM = (2.80 + 1.70) x 20 / 12 ~ 150 fi.-kips
Mo = (2.80 + 1.70) x 20° / 8 = 225 ft.-kips
V. =280+ 1.70)x20/2 ~ 45.0 kips

f) Moment distribution analysis

12’ Wa T ¥ Wg + W wgt W
IR R IR AT ERNENEE RN
8" slab 167%x187
12° column
20° 20° 20°
DF 0.807 0.378 | 0.378 0.378 1 0.378 0.607
FEM -150 150 | -150 150 ~150 150
1B 91 - - - ~ -91
£l - 46 - - -4B -
D2 - -17 -17 17 17 -
2 -9 - g -9 - g
D3 5 -3 -3 3 3 -5
C3 -2 3 2 -2 -3 2
D4 l -2 -2 2 2 -1
Mu,neg -B4 177 | -1861 1814 =177 B4
Mu,pos. 1G5 g4 105
Vo £5.0 45.0 1 45.0 45.0 | 45.0 45.0
-5.7 5.7 - - 5.7 -5.7
Vu 39.3 50.7 | 45.0 £5.01 50.7 338.3

Fig. C-2 Moment Distribution Analysis



g) Check of slab shear at exterior column

Calculation of shear force (Ves) and moment (Mcs) at shear center of perimeter is based on
ACT 318-83 Commentary 11.12.2.4, and also see Fig, C-3.

In this figure, ¢y =0y = 16in.and d=8-3/4-3/4 = 6.5 in. and b {(perimeter length)
= 1925 x 2 + 22.5 = 61 in.

Ves =393 + (2.80 + 1.70 ) x8/12 = 42.3 kips
Mcs =64 - (280 + 1.70) x 8/12x 4/12 - Vesx e =64 -1 - 423 x 5.18/12
= 44.7 fi-kips
Critical design shear stress of perimeter AB is given by following formula:

VAR = Ves / Ac + k Mcs CAB ! Je (ACI 318-83 Commentary 11.12.2.4)
where 5
Ac = shear section = bod =61 x635=73%in

Jc = polar moment of inertia of shear section = 17,160 in4
CAB = 6.07“

k = fraction of moment between slab and column
m1~1/(1+2/3x[(0 +d/2)/(c +d)} %2
S 1-1/(1423x[(16+652)/ (6 + 65172y — 0381

VAR = 42300 / 396 + 0.381 x 44700 x 12 x 6.07 / 17160 = 179 psi

Allowable stress v, = ¢ x 4Vfc” = 0.85 x 44000 = 215 psi > v AR = 179 psi
(ACT 318-83,11.11.2.1)

fou— Siab edge

¢ +d/1=19.25"

cp+d=1225"

Perimeter 4-8:C:D = b,
Plan

Ly
187 / 6.07°

Shear section, 4, V. M,
Dimensions Fig. C-3 Shear Force



h) Check of slab shear at interior column (see Fig. C-4)

Ves = 5077 +45.0 =957 kips
Mes = 177 - 161 = 16 ft-kips

Let Ac = 385 inz, Je = 50389 in4, C AB = 11.25 in. for interior column,
VAR T 95700 / 585 + 0.40 x 16000 x 12 x 11.25/ 50389 = 181 psi < v, = 215 psi
i) Check of beam shear : (ACI 318-83,11.11.1.1) (see Fig. C-5)

b0 = 240 in.

Vu =507-28+1.7)x (8 +6.5)12 = 45.3 kips
d Ve = ¢ x 2VIc bO d = 0.85 x 2 x 4000 x 240 x 6.5 = 167.7 kips > Vu = 453 kips
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Fig. C-4 Shear at Interior Column
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{) Distribution of panel moments to column and middle strips

The face moments of the exterior and interior columns can be calculated and distributed (o
the column and middle strips of slab based on ACT 318-83,13.6.4.1 & 13.6.4.2 & 13.6.4.4.

Face moment at exterior column :
M =-64 + (39.3 + (39.3 - 4.5 x 8/12)) / 2 x 8/12 = -39 ft-kips

Face moment at interior column :
M=-177 + (50.7 + (50.7 - 45 x 8/12)) / 2 x &/12 = -144 ft-kips

If 0y = 0, Bt = (), 12 / 11 = 1.0, we obtain the following :

Table C-1 Distribution of Panel Moments

Location Panel Moments  Column Strip  Middle Strip
(ft-kips) (%) (%)
Face of ext. column -36 100 0
Mid-span of ext. panel 105 60 40
Face of int. column -144 75 25
Mid-span of int. panel 64 60 40

Table C-2 Design Moments of Panels

Location Column Strip  Column Strip*  Middle Strip

(within ¢ + 3h)
(ft-kips) (ft-kips) (ft-kips)
Face of ext. column -39 -39.6 0
Mid-span of ext. panel 63 .- 42
Face of int. column -108 -9.6 -36
Mid-span of int. panel 38 -- 26
Notes:

* Design moment within ¢ + 3h width is calculated as :

Mu=M oo XY (ACT 318-83,13.3.3.2)

Y = 0.619 (for exterior column)
Yp = 0.600  (for interior column)
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k) Design of slabs of column strip

* Column strip at face of exterior column
Mu = 39 fr-kips, assume j = 0.98
As,req=Mu /¢ fy jd=39x12/(09x60x098x7) = 126 in2 (p = 0.0015)
but from ACI 318-83,7.12, pm'gl = {.0018 , and
As min = 1.33 x 1.26 = 1.68 in~ (p = 0.002) (ACI 318-83,10.5.2)

prov. 10 - #4 @ 120°/10 = 120 in. (As = 2.0 in%, p = 0.0024)
a = Asfy/(0.85xfc’ xb)=2.0x60/(0.85x 4 x 120) = 0.294 in,
¢Mn=0¢[Asfy(d-a2)] =09x[2.0x60x(7-0.1471/ 12 = 61.7 ft-kips

* Column strip at face of exterior column within ¢ + 3h width
Mu = 39.6 fi-kips, assume j = 092 )
Asreq=Mu/0fyjd=39.6x12/(09x60x092x7)= 1.37in" (p = 0.0049)

prov. 7 - #4 @ 40"7 = 57 in.  (As = 1.4in%)
a = 1.4x60/(085x 4 x40) = 0.618 in.
0 Mn =009 x [ L4x 60 x (7-0309)] /12 = 422 frkips > Mu = 39.6 ft-kips

* Mid span of exterior panel
Mu = 63 ft-kips, assume j = 0.96
Asteq =Mu/¢fyjd=63x12/(09x60x095 x7)= 208 in? (p = 0.0025)
but from ACI 318-83,10.5.1, p . =200/My = 0.0033 Asmin= 277 in

prov. 14 - #4 @ 120'/14 = 8.6 in.  (As = 2.8 in%)
a =28x60/(085x4x120)=10412 in.
OMn=09x[28x60x(7-0206)]/12 =856 ft-kips > Mu = 63 ft-kips

* Column strip at face of interior column
Mu = 108 ft-kips, assume j = 0.92 5
Asreq =Mu/¢6fyjd =108 x 12/ (09x60x 092 x7) = 3.73 in” (p = 0.0044)

prov. 20 - #4 @ 120'/20 = 6 in.  (As = 4.0 in?)
a =4.0x 60/ (0.85 x 4 x120) = 0.59 in.
6Mn=09x[14x60x(7-0295]/12 = 1207 ft-kips > Mu = 108 ft-kips

* Mid span of interior panel
Mu = 38 ft-kips, assume j = 0.96
Asreq=Mu/$fyjd=38x12/(09x60x09x7)= 127 inz (p = 0.0015)
but from ACI 318-83,10.5.2 Asmin= 133 x 1.27 = 1.69in" (p = 0.002)

prov. 10 - #4 @ 120°/10 = 12.0 in.  (As = 2.0 in® p = 0.0024)
a =20x60/(0.85x4x 120)=0.2% in.
6 Mn =009 x[20x60x(7-0.147] /12 = 61.7 fekips > Mu = 38 ft-kips



Table C-3 Summary of Column Strip Design Due to Gravity Load

Face of Mid-span of Face of Mid-span of
ext. column ext. panel inf. column int. column
Mu (ft-kips) 39 63 108 38
¢ Mn (ft-kips) 85.6 85.6 (*1) 120.7 61.7 (*1)
Section 14 #4 (*2) 14 #4 20 #4 10 #4
b = 10 ft. b =10 ft. b =10 fi, b= 10 fi.
h= 8" h=8" h=28" h=28"
Notes;

Mu = Required factored strength
¢ Mn = Reduced nominal moment strength
¢ Mn =061 As fy (d - a/2)]

This strength is determined by minimum reinforcement requirement
in ACT 318-83,7.12.

*2 7 #4 bars should be provided within 3.3” width around column.
¢ Mn=09x[28 x60x(7-0.206)] /12 = 85.6 ft-kips

*1
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C-2 Analysis of Frames Under Dead and Live Loading

a) For Gravity and Full Live Loading (ACI 318-83,13.7.6.2)
From Fig. C-2,

V2nd FL 32 [ 177 8 161 8 G4
| i 1 ] 1
32164 38.7 50.7 21181 45.0 45.0 &1 177 50.7 38.3 32
l42.3x5 l85.7x5 l85.7x5
Note: Mu(Bm.L) | Mu{Col.B)
Mu{(Col.T) | Mu(Bm.R)

Fig. C-6 Moment, Shear and Axial Forces Under Gravity Load
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b) For pattern loading (ACI 318-83,13.7.6.3),

FEM({w

)

2

= 2.80 x 207/ 12

Fm%%+aﬁ%>=@w+1m$xm%u

= 93.3 ft-kips
= 135.8 ft-kips

12' Wd+075 Wi w Wd+0.75 wl
d
IR e e = === R R R D
8" slabh 167x167
12° column
20° 20° 20°
DF 0.807 ! 0.378 | 0.378 0.378 ] 0.378 0.6807
FEM -135.8 135.8 1 -93.3 93.3 | -135.8 135.8
D} 82.4 -18.1 1% -16.1 16.1 16.1 -82.4
Ci -8.1 41.2 8.1 -8.1 -41.2 8.1
D2 4.9 -18.6 1 ~18.6 18.6 18.6 -4.9
c2 -9.3 2.5 8.3 -9.3 -2.5 9.3
B3 5.8 -4.5 -4.5 4.5 4.5 -5.6
C3 -2.3 2.8 2.3 -2.3 -2.8 2.3
D& 1.4 -1.9 -1.9 1.9 1.9 -1.4
Mu,neg. -Gl 141 -115 1151 -141 61
VZnd FL 31 141 13 i15 13 6]
311 B1 131115 1831 141 31
Hote: Mu{Bm.L) | Mu(Col.B)
Mu{Col.T) | Mu(Ba.R)

Fig. C-7 Moment Due to Pattern Loading
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C-3 Analysis of Frame for Lateral Loadings

In the analysis, the Approximate Method (Portal Approximation) will be used and
only the column strip will be considered effective as a part of the unbraced frame.

In the analysis for lateral loading, the following assumptions are used.

1.

Lateral loads due to wind or earthquake in the north-south direction are equally
resisted by the six frames.

The total horizontal shear in all columns of a given story is equal and opposite to the
sum of all horizontal loads acting above that story.

The horizontal shear is the same in both exterior columns, and the horizontal shear in
each interior column is twice that of an exterior column.

The inflection points of all columns except bottom columns are located midway
between the joints. The inflection points of bottom columns are assumed to be at a
distance of 0.6 times story height from bottom.

The inflection points of all beams are located at midway between the supports.
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a) Analysis for wind loading

2.92
T}
120 40.37 10.74 Lo.74 1o.37
4.3]
L=,
' -
i2° 41.09 +2.18 Lo.1s8 11.08
4.24
§ N
T3
120 L1.78 13.59 1359 41.78
3.72
oo
] Fad
12 49.42 14.83 1y4.83 1042
3.33
1)
12 42.97 1s.gs 15,94 19,97
[ S [N Y. JE W U
0.22 0.22
0.9212.92 4.4 2.22
0.22
T 2.22 0.88 8.77|4.44 0.8
6.54|8.78  13.1]8.77
1.10
Me.se 1.73 17.3|13.1 1.73
10.7117.2 =215} 17.8
2.83
T 10.7 2.53 25.3|21.5 2.53
1651 25.2 " 23.0l25.3
.38
T 16.5 2.88 28.829.0 2.88
,1p3) 288 " 98.5!|28.8
' T 21.4 42.8
l 20! i 20! l 20! 1
Kote: Mu(Bm.L) i ¥u(Col.B)

Fig. C-3 Wind Load Analysis
Mu(Col.T) I Mu(Bm.R)
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b) Analysis for earthquake loading (Seismic Zone 2)

Under soil condition S1 :

6752
.
12° 41.09 42.17 4917 {109
5.95
l .
12° 42.08 ta.18 +4.18 42.08
872
I &
12' 192.87 45.73 45.73 42,87
3.48
Py
12° 43.44 15.89 1689 13 4
2.95
B
127 1382 L1784 17.64 13,8
PV SR S R S RN E— PR S
0.65 6.5 0.65
R ERT " 13.0lss
| 6.54 1.90 19.0{18.0 1.90
12.5 | 13.0 © 25.0119.0
2.
Pl igs 2.97 29.7|25.0 2.9
(1121287 ©34.41 297
2? 17.2 3.78 87.8|34.4 3.78
4 206378 © 41.3l87.8
) OT 20.8 3.0 389.0] 41.3 3.30
,18.3] 389 " 38.70339.0
13.
s 55.0
i 20 b4 l 20 ? l 20 ] l

Note: Mu(Bm.L) E Mu{Col.B)

Fig. C-9 Earthquake Load Analysis (Seismic Zone 2) Mu(Col.T) E Mu(Ba.R)
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C-4 Check of Design Moment of Slab Considering Lateral Load

a) Wind loading

* Column strip at face of exterior column at 2nd floor
Face moment due to wind M
My, = 28.8 - 2.88 x 8/12 = 26.9 ft-kips

Mu = 0.75 x (35.0 + 26.9 x 1.7 ) = 63.5 ft-kips < ¢ Mn = 85.6 fi-kips

* Column strip at face of interior column at Znd floor
Mu=075x% (108 + 269 x1.7) = 1153 ft-kips < ¢ Mn = 120.7 fi-kips

* Check of slab shear at interior column at 2nd floor
VAR T 075 x (181 + 2880/ 585 x 1.7) =142 psi < v, = 215 psi

Therefore, no change of design for wind load is required.

b) Earthquake Loading (soil condition S1) - seismic zone 2

* Column strip at face of exterior column at 2nd floor
Face moment due to earthquake ME
Mg, = 39.0 - 3.90 x 8/12 = 36.4 ft-kips

Mu =0.75 x (39.6 + 36.4 x 1.87 ) = 80.3 fr-kips < ¢ Mn = 85.6 ft-kips
* Column strip at face of interior column at 2nd floor

Mu=075x (108 + 364 x 1.87 ) =132.1 ft«k%ps > ¢ Mn = 120.7 ft-kips

prov. 22 - #4 @ 120G"/22 = 5.5 in. (As = 4.4 in™)

a=44x60/(085x4x120)=0.647 in.
$Mn=09x]44x60x(7-0324)] /12 =132.2 fr-kips > Mu = 132.1 ft-kips

* Check of slab shear at interior column at Znd floor
VAR = 0.75x (181 +3900/585x 1.87)=145psi < v, = 215 psi

No change of design for shear is required.
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¢) Earthquake loading (soil condition 82) - seismic zone 2

* Column strip at face of exterior column at 2nd floor
Face moment due to earthquake ME
Mg = 36.4 x 165.8 / 138.2 = 43.7 ft-kips

Mu=0.75x(39.0+43.7x 187 )=905 ft-kigs > ¢ Mn = 85.6 ft-kips
prov. 15 - #4 within 120" width (As = 3.0 in")

a=30x60/(085x4x 120)=0441 in.

¢ Mn=09x[3.0x60x(7-0221)]/12 =915 fi-kips > Mu = 90.5 ft-kips

* Column strip at face of interior column at 2nd floor
Mu = 0.75 x ( 108 + 43.7 x 1.87 ) = 142.3 ft-kips
prov. 24 - #4 @ 120"/24 = 5 in. (As = 4.8 in")
a=48x 60/ (0.85 x 4 x 120) = 0.706 in.
$Mn=09x[48x60x(7-0353)]/12 =143.6 ft-kips > Mu = 142.3 ft-kips

d) Earthquake loading (soil condition 83) - seismic zone 2

* Column strip at face of exterior column at 2nd floor
Face moment due to earthquake M
Mg, = 36.4 x 193.5 / 138.2 = 51.0 ft-kips

Mu =0.75 x (39.0 + 51.0 x 1.87 ) = 100.8 ft-kips

prov. 17 - #4 within 120" width (As = 3.4 in")

a=34x60/(0.85x 4 x 120) = 0.500 in,

6 Mn=0.9x[34x60x(7-0.250)] /12 = 103.3 fi-kips > Mu = 100.8 ft-kips

* Column strip at face of interior column at 2nd floor
Mu=075x (108 + 51.0x 1.87) = 1525 ft—k%ps
prov. 26 - #4 @ 120"/26 = 4.6 in. (As = 5.2 in™)
a=>52x60/(0.85x4x 120) = 0.765 in.
¢ Mn=09x[52x60x(7-0382)]/12 = 154.9 fi-kips > Mu = 152.5 ft-kips
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¢) Earthquake loading - seismic zone 1

Since coefficient 7 = 3/16 in seismic zone 1, base shear Q becomes one-half the
values of seismic zone 2. Therefore, design moment and shear force of slab due to
earthquake load also become one-half the values in section C-4, b, ¢ and d.

* Soil condition S3 (which is the most critical case in Zone 1)

i) Column strip face moment at exterior column at 2nd floor : ME

ME =51.0/2 =255 kips-ft

Mu = 0.75 x (35.0 + 25.5 x 1.87) = 65.0 kips-ft

Mu = 65.0 kips-ft is smaller than ¢Mn = 85.6 kips-ft which is the reduced
nominal moment of the section determined by gravity load.
Therefore, the section in zone 1 is the same as that for wind.

i) Column strip face moment at interior column at 2nd floor : Mg
Mg = 51.0 /2 = 25.5 kips-ft

Mu = 0.75 x (108 + 25.5 x 1.87) = 116.8 kips-ft

Mu = 116.8 kips-ft is smaller than $Mn = 120.7 kips-ft which is the reduced
nominal moment of the section determined by gravity load.
Therefore, the section in zone 1 is the same as that for wind.
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f) Summary of design of column strip of slab

Table C-4 Summary of Column Strip Design Considering Lateral Load

(Seismic Zone 2)

W E-1(S1) E-2 (82) E-3 (83
At Face of Exterior Column
Mu (ft-kips) 63.5 80.3 80.5 100.8
¢ Mn (ft-kips) 85.6% 85.6 915 103.3
Reinforcement 14 - #4 14 - #4 15 - #4 17 - #4
At Face of Interior Column
Mu (ft-kips) 115.3 132.1 142.3 152.5
$ Mn (fr-kips) 120.7* 132.2 143.6 154.9
Reinforcement 20 - #4 22 - #4 24 - #4 26 - #4

Table C-5 Summary of Column Strip Design Considering Lateral Load

{Seismic Zone 1)

W E-1(S1) E-2 (§2) E-3 (83)
At Face of Exterior Column
Mu (ft-kips) 63.5 54.8 59.9 65.0
¢ Mn (ft-kips) 85.6* 85.6%* 85.6% 85.6%*
Reinforcement 14 - #4 14 - #4 14 - #4 14 - #4
At Face of Interior Column
Mu (ft-kips) 115.3 106.5 111.6 116.8
¢ Mn (ft-kips) 120.7%* 120.7* 120.7* 120.7*
Reinforcement 20 - #4 20 - #4 20 - #4 20 - #4
Notes;

W @ designed for Wind only
E-1 (S1) : designed for Earthquake under 81 in addition to wind
E-2 (S2) : designed for Earthquake under S2 in addition to wind
E-3 (83) : designed for Earthquake under S3 in addition to wind

Sections

: b= 10 fi

and h=8§"

Mu : Required factored strength

¢ Mn : Reduced nominal moment strength

OMn=¢[Astfy(d-a/2)]
*} This value was determined by gravity loading.
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C-5 Design of Columns at 1st Floor

Since this model frame is not braced sideways, both magnification factors Sb and SS
should be considered.

a) Check of slenderness ratio of column ( k lu /r) (ACI318-83,10.11.4.2 & 10.11.4.3)

Xk = 1.0, assume k= 1.0 (only for the purpose of checking slenderness ratio)
1, = 122 x 12 - 8 = 136 in,

r=030x 16 =4.8in. (ACI 318-83,10.11.3)

klu/rw 1.0x136/48=28 > 22

Therefore, slenderness effects should be considered.

b) Calculation of column stiffness

EI=(Eclg/5+EsIse)/(1+ Bd) (ACI 318-83, Eq.10-10)

where p 4 )
Ecig/5 = (3.6x10°x16%/12)/5 =3.93 x 10° 1b-in

Assume 4 #9 located at 2.5" from the fazce of column, 5
Fslse =29x100x4x10x55 =351 x 10° Ib-in
ET=(393+351)x10°/(1+By 744 x 10° / (1 + By

¢) Calculation of Sb

Although this frame is unbraced sideways, This frame can be assumed as a braced
frame for gravity loading (for the calculation of Sb) based on ACI 318-83, Commenta-
ry 10.11.5.1, because the frame and loadings are symmetric, Therefore, k = 1.0 can
be used for the calculation of Sb (ACI 318-83,10.11.2.1).

Bd=wd/(wd+w1)=2.8/(2.8+ 1.7y = 0.62
From ACI 318-83, Eq.10-9,

Pc:nZEI/(kln)2=(3.142x7.44x109

/1.62)/ 136>

= 2451 kips
Pu=957x5=4785kips  (From Fig. C-0)
§b =Cm/(1-Pu/oPc) 2 1.0 (ACI 318-83, Eq.10-7)

where Cm = 1.0 (ACI 318-83,10.11.5.3), ¢ =0.7.
6b =10/(1-4785/(0.7x 2451 )) =138

Assume the same value of 8, for both interior and exterior columns which gives con-
servative results for convenience of calculation.
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d) Calculation of M2b

M2 is defined as a factored moment due to gravity lcading in ACI Commentary
10.11.5.1 but shall be greater than the value based on a minimum eccentricity of (0.6 +
0.03h) in. (ACI 318-83,10.11.5.4).

* Exterior column
MZb = 32 ft-kips
Pu=423x5=211.5 kips
e=32x12/211.5=182in. > 0.6+ 0.03h =108 in.

* Interior column
Pu = 478.5 kips
MZb =(0.6+003h)x4785/ 12 =43.1 ft-kips

e) Calculation of & . (under wind load)

In order to calculate the k value for SS of an unbraced frame (ACI 318-83,10.11.2.2),
we will use a value of 0.5Ig for the slab column strip as a flexural member and ACI
318-83, Eq.10-10 with B q= 0 for the columns only for calculation of the k value
(ACI Commentary 10.11.2).

* Slab column strip EI :

ET-05IgBc=05x (120 %85 /12) x 3.6 x 10° ? 1b-in?

=9.22 x 107 1b-in".

* k value for SS at 1st floor
Calculating y (= {Z EI/ of columns} / {& EI/ of flexural members}), k value
for SS can be derived using Fig. 10.11.2 in ACI Commentary 10.11.2.

i) Exterior column
Y(bottom) = 0 (Fixed base)
Yitop) = (2 x 744/ 12)Yyx (207922 ) = 2,69
k(ext.) = 1.33

i) Interior column
yltop) = (2x 744712 )y x {207 (2x9.22)) = 1.35
k(int.) = 1.18

*B 4 value for 83 at 1st floor

i) Exterior column
Mu(1.4D) = 32 x Wy / (Wd + WE) =32 x 0.62 = 19.8
Mu(0.75x(14D + L.7L + 1.7TW)) = 0.75 x (32 + 1.7 x 143 ) = 42.2
E’d = 19.8 /422 = (047

i) Interior column
Mu(l.4D)=8x W / (Wd + WI} =8 x 0.62 = 5.0
Mu0.75x(14D + 1L7TL + 1L7TW) =075 x 8 + 1.7x 285 ) =423
Bd =50/423 =012
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* Calculation of £ Pc and X Pu at 1st floor

Elfext) = 7.44 x 10° / (1 + 0.47 ) = 5.06 x 10°
Elint) = 7.44 x 107 / (1 +0.12) = 6.64 x 10

% Pe = [5.06 / (133x126)% + 6.64 / (1.18x136)7] x 3.14
SPu=(423x5+957x5)x2=1380kips

%8 at Ist floor (ACI 318-83, Eq.10-8)
§ = 1/M1-ZPu/($EP)l=1/[L-1380/(0.7x8142)] = 1.32

2 % 2 % 10% = 8142 kips

f) Design of column at 1st floor (under wind load)

* Exterior column
Case 1:14D+1.7L

Pu=423x5=211.5 kips
Mc = Sb Mg, =139 x 37 = 44.5 kips-ft

Pu/Ag =082, Mc/(Agh)=013, reqp, =001 (from Fig. A-11[10].
Provide minimum reinforcement for column, 4- #Sg (3.16 i m pg = (0.012).

Case 2:075x (14D +17L+17W)

Pu =075 x (2115 - 8.24 x 1.7) = 148.1 kips
Mc = Sb MZb + 88 MZS =445 x 075 + 1.32 x 21.4 x 1.7 x 0.75 = 69.4 kips-ft

Pu/ Ag = 0.58, Mzg / (Ag h)=020, req. pg = 0.01 (from Fig. C-11{10]).
Provide 4 #8 (3.16 in", pg = (.012).

Case 3:090D+ 13 W

Pu(D)-lewad/(wd+w)/14 211.5 x 0.62 / 1.4 = 93.7 kips
Mu(D)-Bwadf(wd+w)/14 32 x0.62 /1.4 = 14.2 kips-t

2b-09x142m128k1psft e=128x12/937=164mn > € —I.OSin

Pu=09x937-13x 824 =73.6 kips
Mc = Sb MZb + 5g M, = 1.39 x 12.8 + 1.32 x 21.4 x 1.3 = 54.5 kips-ft

Pu/Ag =029 Mc/(Agh)=016, req pg =0.01 {from Fig. C-11{10]).
Provide 4 #8 (3.16 in", pg = (.012).
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* Interior column
Case 1:14D+1.7L

Pu =957 x 5 = 478.5 kips
Mc = Sb M, =139 x 43.1 = 60.0 ft-kips

Pu/Ag =187, Mc/{Agh)=0.18, req p_-=001 2(ﬁrom Fig. C-11[10)]).
Provide minimum reinforcement for column, 4—#8g (3.16 in", p ¢ = (0.012).

Case 2:075x(14D+1.7L+ 17TW)

Pu = 0.75 x 478.5 = 358.9 kips
Mc = Sb My, + 8 My =60.0x0.75 + 1.32 x 42.8 x 1.7 x 0.75 = 117.0 ft-kips

Pu/Ag =140, Mc/(Agh)=034, req pg = 0.01 (from Fig. C-11[10]).
Provide 4 #8 (3.16 in", pg = 0.012).

Case 3:09D+1.3 W

Pu(D)y=4785xw, / (Wd + wl) /1.4 =4785x062/1.4=211.9kips
M% =211.9 x (0.6 + 0.03 x 16}/ 12 x 0.9 = 17.2 kips-ft

Pu=0.9 x 211.9 = 190.7 kips

Mc = Sb MQb + 83 MZS =139x 172 + 1.32 x 42.8 x 1.3 = 97.4 kips-ft

Pu/Ag=074, Mc/(Agh)=029, req pg = 0.01 (from Fig. C-11{10}).
Provide 4 #8 (3.16 in", Pg = 0.012).
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Fig. C-11 Load-Moment Strength Interaction Diagram for Column [10]
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g) Calculation of 53 (under earthquake load - seismic zone 2)

In order to calculate the k value for 8S of an unbraced frame (ACI 318-83,10.11.2.2),
we will use a value of 0.51g for the slab column strip as a flexural member and ACI
318-83, Eq.10-10 with B d= 0 for the columns only for calculation of the k value
(ACI Commentary 10.11.2).

* Slab column strip EI : 3 p 9 5
El=05IgEc=05x(120x8 /12)x3.6x 10" =96.22 x 107 Ib-in".

* k value for SS at 1st floor
Calculating ¢ (= {Z EI/! of columns} / {Z El of flexural members}),the k value
for SS can be derived using Fig, 10.11.2 in ACI Commentary 10.11.2.

i) Exterior column
y(bottom) =0 (Fixed base)
ytop) = (2x744/12)x(20/%.22)=2.69
k(ext) = 1.33

ii) Interior column
y(top) = (2x 744 /12 ) x ( 20/ (2x9.22)) = 1.35
k(int) = 1.18

* B q Value for SS at 1st floor (use soil condition S1)

i} Exterior column
Mu(1.4D) = 32 x Wy / (wd + Wl) =32 x0.62 =19.8
Mu(0.75x(1.4D + 1.7L + 1.87E)) = 0.75 x (32 + 1.87 x 18.3 ) = 49.7
Bd = 19.8 /49.7 = 0.40

ii) Interior column
Mu(1.4D) = 8 x wd/ (Wd + WI) =8 x 0.62 =5.0
Mu(0.75x(14D + 1.7L + 1.87E)) = 0.75 x (8§ + 1.87 x 36,7 )= 57.5
Bd = 5.0/57.5 =0.09
* Calculation of X Pc and Z Pu at 1st floor

El(ext) = 7.44 x 10° / (1 + 0.40 ) = 5.31 x 10°
El(int) = 7.44 x 10° / ( 1 + 0.09 ) = 6.83 x 10°

T Pe = [5.31 / (133x136)% + 6.83 / (1.18x136)2] x 3.14% x 2 x 10° — 8430 kips
ZPu=(423x5+957x5)x 2 = 1380 kips

* SS at 1st floor (ACI318-83, Eq.10-8)
ﬁsmI/{I -ZPu/(¢dXZPc)] =1/[1-1380/(0.7 x 8430)] = 1,31
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h) Design of column at 1st floor (under earthquake load - seismic zone 2)

h-1) Scil condition S1
* Exterior column
Case 1:14D+17L

Pu=423 x5 = 2115 kips
Mc = Sb My, = 1.39 x 32 = 44.5 ft-kips

Pu/Ag=1082, Mc/(Agh)=013, req pg =0.01 (from Fig. C-11{10]).
Case 4 :0.75x (14D + 17L + 187TE)

Pu =075 x (211.5 - 13.2 x 1.87) = 140.1 kips
Mc = Sb May, + SS M, =445 x 075 + 1.31 x 27.5 x 1.87 x .75 = 83.9 kips-ft

Pu/ Ag =055 Mc/(Agh) =025 req. pg =0.01 (from Fig. C-11[101).
Provide 4 #8 (3.16 in”, pg = 0.012).

Case 5:09D 4+ 143 E

Pu(D) = 211.5 x Wy / (Wd + wl) /1.4 =2115%x0.62/1.4=953.7kips
Mu(D) =32 x w4 / (Wd + Wl) /1.4 =732x062/14=14.2 kips-ft

M,y = 0.9x 142 =128 kips-ft, e=128x12/93.7=164in > ¢

Pu=09x937-143x 13.2 = 65.5 kips
Mc = 8, My, + O My =139 x 128 + 131 x27.5x 1.43 = 69.3 kips-ft

Pu/Ag =026, Mc/(Agh) =020, req. pg = (.01 (from Fig. C-11{10]).
Provide 4 #8 (3.16 in", pg = 0.012}.

* Interior column
Case 1:14D+17L

Pu=957x5=478.5 kips
Mc = Sb My = 1.39 x 43.1 = 60.0 ft-kips

Pu/Ag =187, Mc/(Agh)=018, req pg =0.01 (from Fig. C-11{107).
Case 4:0.75x (14D +17L+187E)

Pu = 0.75 x 478.5 = 358.9 kips
Mc = 8b My + 83 M, =60.0x0.75 + 1.31 x 55.0 x 1.87 x 0.75 = 146.1 fi-kips

Pu/Ag=140, Mc/(Agh) =043, req. pg = 0.012 (from Fig. C-11{10]}.
Provide 4 #8 (3.16 in", pg = 0.012).
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Case 5:09D 4+ 143 FE

Pu(D) =478.5 x Wy / (wd + wl) /14 =4785x062/14 =211.9 kips
MZb =211.9x (0.6 +003x16)/12 x 0.9 = 17.2 kips-ft

Pu=09%x 2119 = 150.7 kips

Mc = Bb MZb + 88 MZS = 1.39 x 17.2 + 1.31 x 55.0 x 1.43 = 127.0 kips-ft

Pu/Ag=074, Mc/{Agh) =037, req. pg = 0.01 < pg =0.012

h-2) Soil condition S2
* Exterior column
Case 4 : 075 x (14D +17L+187E)

Pu=0.75x (211.5 - 13.2 x 1.2 x 1.87) = 136.4 kips
Mc = 8b Moy, + SS M, =44.5x0.75 + 1.31x27.5x1.2x1.87x0.75 = 94.0 kips-ft

Pu/Ag =053, Mc/{(Agh)=0.28 req. pg =0.01 (from Fig. C-11]10]).
Provide 4 #8 (3.16 in", pg = (0.012).

Case 5: 09D +143 E

Pu=09x937-143x 13.2 x 1.2 = 61.7 kips
Mc = Sb My + SS M, = 1.39x12.8 + 1.31x27.5x1.2x1.43 = 79.6 kips-ft

Pu/Ag=024, Mc/(Agh) =023 req pg = 0.01 (from Fig. A-11[10]).
Provide 4 #8 (3.16 in”, pg = 0.012).
* Interior column
Case 4:075x(14D+17L+187E)

Pu = 0.75 x 478.5 = 358.9 kips
Mc = Sb MZb + 85 M2s = 60.0x0.75 + 1.31x55.0x1.2x1.87x0.75 = 166.3 fi-kips

Pu/Ag =140, Mc/(Agh)=1049, req. pg = 0.018 (from Fig. C-11{10]).
Provide 6 #8 (4.74 in“, pg = 0.01835).

Case 5:09D +143E

Pu=09x211.9 = 190.7 kips
Mc = Sb My, + SS M, = 1.39x17.2 + 1.31x55.0x1.2x1.43 = 147.5 kips-ft

Pu/Ag=074, Mc/(Agh)=043, req. pg =0.013 < pg =0.018
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h-3) Soil condition S3
* Exterior column
Case 4:075x (14D + L7L+187TE)

Pu=0.75x (211.5 - 13.2 x 1.4 x 1.87) = 132.7 kips
Me = 8, M,, + 55 M, =44.5x0.75 + 1.31x27.5x1.4x1.87x0.75 = 104.1 kips-ft

Pu/Ag =052, Mc/{Agh)=030, req pg = 0.01 (from Fig. C-11[10]}.
Provide 4 #8 (3.16 in", pg = 0.012).

Case 5: 09D+ 143 E

Pu=09%x937-143x 132 x 1.4 =579 kips

Mc = 5b M2b + 83 M2S = 1.39x12.8 + 1.31x27.5x1.4x1.43 = 89.9 kips-ft

Pu/Ag =023 Mc/(Agh) =026, req. pg = 0.01 (from Fig. C-11[10]).
Provide 4 #8 (3.16 in”, pg = 0.012).

* Interior column
Case 4:0.75x (14D +17L +187E)

Pu = 0.75 x 478.5 = 358.9 kips
Mc = 'Sb M2b + SQ MZS = 60.0x0.75 + 1.31x55.0x1.4x1.87x0.75 = 186.5 ft-kips

Pu/Ag=140, Mc/(Agh)=055 req. pg = 0.022 (from Fig. C-11{10D.
Provide 6 #9 (6.00 in™, p g = 0.023).

Case 5: 09D+ 143 E

Pu=0.9x 211.9 = 190.7 kips

Mc = Sb Moy + SS M28 = 1.39x17.2 + 1.31x55.0x1.4x1.43 = 168.2 kips-ft

Pu/ Ag =074, Mc/(Agh)=048, req. pg =0.015 < pg =0.022

i) Consideration of earthquake load - seismic zone 1

In seismic zone 1, the base shear force Q becomes one-half the values in seismic
zone 2. Even in the most critical case in seismic zone 1, which is soil condition 83,
the effect due to lateral load is smaller than the one due to load in seismic zone 2, soil
condition S1. Since the column reinforcements in seismic zone 2, soil condition S1
are 4 #8 which are determined by the minimum reinforcement requirements of ACI
318-83, column reinforcements in seismic zone 1 will result in 4 #8 (pg = 0.012).

Since the dimensions of the columns were not determined by the design stress of
the columns but by punching the shear of a slab (see section C-1,g and C-1,h), no
change of column dimension even in seismic zone 1 will be required.
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i) Summary of design of columns at st floor

Table C-6 Summary of Columns Design

{Seismic Zone 2)

A% E-1 (S1) E-2 (82; E-3 (83)
Exterior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - #8%* 4 - #8* 4 - #8* 4 - #8%
Provided pg 0.012 0.012 0.012 0.012
Interior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - #8* 4 - #8% 6 - #8 6-4#9
Provided pg 0.012 0.012 0.0185 0.023
Table C-7 Summary of Columns Design
(Seismic Zone 1)
W E-1 (S1) E-2 (82) E-3 (83)
Exterior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - #8* 4 - #8* 4 - #8* 4 - #8%*
Provided pg 0.012 0.012 0.012 0.012
Interior Columns
Section 16" x 16" | 16" x 16" | 16" x 16" | 16" x 16"
Main Bars 4 - 8% 4 - #8* 4 - #8% 4 - #8*
Provided pg 0.012 0.012 0.012 0.012
Notes;
W . designed for Wind only

E-1 (81) : designed for Earthquake under 51 in addition to wind

E-2 (82) : designed for Earthquake under S2 in addition to wind

E-3 (83) : designed for Earthquake under §3 in addition to wind

pg : Ratio of longitudinal column reinforcements to column sectional area

*) This reinforcement was determined by minimum requirement in ACI 318-83.

*) This reinforcement was determined from minimum requirement in ACI 318-83.
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APPENDIX D

PLASTIC ANALYSIS OF RC SOLID FLAT

PLATE STRUCTURE



APPENDIX D : Plastic Analysis of RC Solid Flat-Plate Structure

D-1 Assumption

In the plastic analysis for lateral loading, the following assumptions are used.

1.

Lateral loads due to wind or earthquake in the north-south direction are equally
resisted by the six frames.

Only the column strip of the slab will be considered effective as a part of the laterally
resistive frame.

The ultimate capacity of the frame can be given by lateral loads of failure mechan-
ism[11].

For the calculation of the ultimate capacity, the virtnal work method[11] will be used
based on Upper Bound Theorm. This method gives the upper limit of the ultimate
capacity.

A bending failure mechanism will be assumed in this section. The assumed failure
mechanism is shown on the next page.

The lateral loads on failure mechanism are assumed to be proportional to the external
loads due to wind or earthquake[l11]. The calculated external work is indicated in
Table D-1.

The plastic moment Mp is equal to the nominal moment capacity Mn without the
capacity reduction factor ¢, and plastic hinges at the face of the supports.

Table D-1 External Works

Position P. 3. P. 8.
i i il

Wind | Earthquake Wind { Earthquake

Roof 0.67P 290P 608 | 40P6 174 PO
5th floor 1.29 P 264 P 486 | 62 PG 127 PO

4th floor 1.27P 2.10P 3668 | 46 P6 76 P&
3rd floor 1.12 P 1.55 P 246 | 27P8 37 P6
2nd floor 1.00 P 1.00 P 128 | 12 P6 12 P6

Wext =LP 5i = 187 PO 426 PG
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D-2 Calculation of Ultimate Capacity for Wind

* Negative plastic moment Mp of slab ends

i) at exterior slab ends : Mp = 85.6/0.9 = 95.1 kips-ft
ii) at interior slab ends : Mp = 120.7 / 0.9 = 134.1 kips-it

* Positive plastic moment Mp of slab ends

Assuming one half of mid span reinforcements to be extended until interior supports
and 100% of mid span reinforcements to be extended until exterior supports (see Fig.
C-10), the positive plastic moment Mp of slab ends can be calculated as follows :

i} At exterior slab ends : =14/712 > 1.0

Yagprov.y ' Hacum
Mp = 85.6 /0.9 = 95.1 kips-ft

il) Af interior slab ends )= 11/12 < 1.0

Laeorov) / Tactunt
Mp = 61.7 /27 0.5 x 11/12 = 31.4 kips-ft

* Calculation of plastic moment of column

Assuming the additional axial force due to the failure mechanism can be calculated
from the assumed mechanism (Fig. D-2) and can be estimated without the load factor,
Mp of the column will be derived from the column interaction diagram in Fig. C-11
where p e of a column = 0.012 (see Section C-5 1),

1233 134.1 8%9 134.1 8;18 95.1

2 2 e @ o8 + &
t a5 I J131.e ¥
12.3 3.4 2.1 6.8

2.3 134.1 8.9 134.1 6.8 g95.1
% 4 a2 4 ¢ 4 -5
95.1 31. 31.

12.3 134.1 8.3 134.1 6.8 95.1
A 4 b A G b A
< ¥ i M ¥ i ¥ ¢
g95.1 31. 3.

12.3 134.1 8.8 134.1 6.8 g5.1

4 ala 4 AP A a

95.1 3t. 31.

12.3 134.1 8.9 134.1 6.8 g5.1
& 3 oo 4 ¢e 3 £

¥ b bl 13
95.1 $ |31. 31.
61.5 17.0 10.5 34.0
e — -2 —

S 20’ | 20° | 20’ ]

Fig. D-2  Assumed Mechanism
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1} 1st fAoor exterior column (windward)
Pu=0.75x 2115 - 61.5 = 97.1 kips
Pu/ Ag =971/ (16x16) = 0.38 ksi (p_=0012)
From Chart of Colurnn, ¢ Mn/ Ag h = 0.35 ksi
¢=09-02/04x038=071
Mp=Mn=035xAgh/$=035x% 163 /071712 = 168.3 kips-ft

ii) 1st floor interior column
Pu =3589 + 17.5 = 376.4 kips
Pu/ Ag =376.4/ (16x16) = 147 ksi  (p_= 0.012)
From Chart of Column, ¢ Mn/ Agh=041ksi, ¢=07
Mp=Mn=041xAgh/¢ =041 x 16" /0.7/ 12 = 199.9 kips-ft

iii) 1st floor exterior column (leeward)
Pu=0.75 x 211.5 + 34.0 = 192.6 kips
Pu/ Ag =192.6/ (16x16) =0.75 ksi  (p_= 0.012)
From Chart of Column, ¢ Mn/ Ag h = .44 ksi, ¢ = 0.7
Mp = Mn = 0.44 x Ag h/ ¢ = 0.44 x 16° / 0.7 / 12 = 214.6 kips-ft

iv) 5th floor exterior cclumn
Pu=075x423-12.3 = 19.4 kips
Pu/ Ag =194/ (16x16) = 0.08 ksi {(p_=0.012)
From Chart of Column, ¢ Mn / Ag h = 0,27 ksi
¢=09-02/04x008 =086
Mp=Mn=027xAgh/$=027x 163 /10.86 /12 = 107.2 kips-ft > 95.1

v) 5th floor interior column
Pu = 0.75 x 95.7 + 2.1 = 73.9 kips
Pu/Ag=739/(16x16) =029 ksi  (p. = 0.012)
From Chart of Column, & Mn / Ag h = 0.52 ksi
¢ =09-02/04x 029 = 0.755
Mp =Mn =032 x Ag h/ ¢ = 0.32 x 16° / 0.755 / 12 = 144.7 kips-ft

* Internal work

ZMp 0 = (95.1x10 + 134.1x8 + 31.4x8 + 144.7x2 + 199.9x2 + 168.3 + 214.6) 6
= 3347.1 ©
* Calculation of base shear capacity Qu of each frame for wind loading
Wort = Wi 187 PO =3347.1 6 P =17.9 kips
Qu=2 Pi = (0.67 + 1.29 + 1.27 + 1.12 + 1.0) x 17.9 = 95.8 kips
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D-3 Calculation of Ultimate Capacity for Earthquake (Seismic Zone 2)

a) Soil condition S1
* Negative plastic moment Mp of slab ends

i} at exterior slab ends : Mp = 85.6 /0.9 = 95.1 kips-ft
11) at interior slab ends : Mp = 132.2/ 0.9 = 146.9 kips-ft

* Positive plastic moment Mp of slab ends

Assuming one-half of the mid-span reinforcements are extended to the interior supports
and 100% of the mid-span reinforcements are extended to the exterior supporis (see
Fig. C-10), the positive plastic moment Mp of the slab ends can be calculated as fol-
lows :

i) At exterior slab ends 1d(pmv.) / ld(full) =14/12 > 1.0
Mp = 85.6 / 0.9 = 95.1 kips-ft
ii) At interior slab ends : ]d(prov.) / id(fuﬁ) =11/12 < 1.0
Mp =61.7/2/09x 11/12 = 31.4 kips-ft
* Calculation of plastic moment of column

Assuming additional axial force due to the failure mechanism can be calculated from
the assumed mechanism (Fig. D-4) and can be estimated without the load factor, Mp of
a column will be derived from the column interaction diagram in Fig. C-11 where p
of a column = 0.012 (see Section C-5,h).

13%0 146.9 9.6 146.9 6.8 85.1
¥ |15
Tl es V13t 1 lai.e i
13.0 3.4 2.8 6.8
13.0 146.9 9.6 146.9 6.8 95.1
4 4 4
7 ¥ [
95.1 31.4 31.4
13.0 146.9 9.6 14B.9 .8 95.1
4 4 4
|13 ¥ ¥
95.1 31.4 31.4
13.0 148.9 9.6 146.9 £.8 85.1
4 4 4
13 13 14
95.1 31.4 31.4
13,0 145.9 9.6 146.9 B.8 85.1
14 ¥ : ¥
95,1 + 131.4 % 31.4
85.0 17.0 140 34.0
| 20" | 20° | 20—

Fig. D-4 Assumed Mechanism
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i) 1st floor exterior column (windward)
Pu = 0.75 x 211.5 - 65.0 = 93.6 kips
Pu/ Ag = 93.6/ (16x16) = 0.37 ksi = (.012)
From Chart of Column, ¢ Mn/ Agh = 0835 kesi
¢ =09-02/04x037=072

Mp = Mn = 035 x Agh/ 6 = 0.35 x 167

{1 0.72 1 12 = 165.9 kips-ft

i) 1st floor interior column
Pu = 358.9 + 17.0 = 375.9 kips
Pu/ Ag = 375.9 / (16x16) = 1.47 ksi = (0.012)
From Chart of Column, ¢ Mn / Ag h = 0. zﬁ ksi, ¢ =0.7
Mp=Mn=041x Agh/¢=041x16"/07/12 = 199.9 kips-ft

iii) 1st floor exterior column leeward)
Pu =075 x 211.5 + 34.0 = 192.6 kips
Pu/ Ag=192.6/(16x16) =0.75ksi  (p, = 0.012)
From Chart of Column, ¢ Mn / Ag h = 0.8 ksi, ¢ = 0.7
Mp=Mn=044x Agh/¢=044x 16"/ 0.7/ 12 = 214.6 kips-ft

iv) 5th floor exterior column
Pu=0.75x423 - 13.0=18.7 kips
Pu/ Ag = 18.7/ (16x16) = 0.07 ksi  (p_ = 0.012)
From Chart of Column, ¢ Mn/ Agh = 0g26 ksi
$=09-02/04x007=087
Mp=Mn=026xAgh/$=026x 163 /0.87 112 = 102.0 kips-ft > 95.1

v) 5th floor interior column
Pu = 0.75 x 95.7 + 2.8 = 74.6 kips
Pu/ Ag = 74.6 / (16x16) =020 ksi  (p_ = 0.012)
From Chart of Column, ¢ Mn/ Agh = 0%2 ksi
0=09-02/04x025=0755

MpmMn:0.32xAgh/¢=0.32x163

[ 0.755 1 12 = 144.7 kips-ft

* Internal work

T Mp 8 = (95.1x10 + 146.9x8 + 31.4x8 + 144.7x2 + 199.9x2 + 165.9 + 214.6) 8
=3447.1 6

* Calculation of base shear capacity Qu of each frame for earthquake loading
Wext = Wint 426 PG = 3447.1 6 P = 8.09 kips
Qu=2% Pi =(2.90 + 2.64 + 2.10 + 1.55 + 1.0) x 8.09 = 82.4 kips



* Calculation of base shear capacity Qu of each frame for wind loading

W

ext = Vint

187 P6 = 3447.1 8

P = 18.4 kips

Qu==2 Pi = (0.67 + 1.20 + 1.27 + 1.12 + 1.0) x 18.4 = 98.4 kips
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{ 209

| 269

Fig. D-5 Final Mechanism
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b) Scil condition S2

* Negative plastic moment Mp of slab ends

: Mp =91.5/09 = 1017 kips-t
Mp = 143.6 / 0.9 = 159.6 kips-ft

i) At exterior slab ends
ii) At interior slab ends :

* Positive plastic moment Mp of slab ends

Assuming one-half of the mid-span reinforcements are extended to the interior supports
and 100% of the mid-span reinforcements are extended to the exterior supports (see
Fig. C-10), the positive plastic moment Mp of the slab ends can be calculated as fol-
lows :

i} At exterior slab ends : } = 14/12 > 10

Yaprov)y ! lactunt
Mp = 85.6 / 0.9 = 95.1 kips-ft

i) At interior slab ends y = 11/12 < 1.0

1d(prov.) / ld(fuﬂ
Mp = 61.7/2 /0.9 x 11/12 = 31.4 kips-ft

* Calculation of plastic moment of coiumn

Assuming the additional axial force due to the failure mechanism can be calculated
from the assumed mechanism (Fig. D-6) and can be estimated without the load factor,
Mp of a column will be derived from the column interaction diagram in Fig. C-11
where p p of a column=0.012 (see Section C-5 h).
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4 1951 y |31.4 § 131.4 i)
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13.6 159.6 10.2 159.6 7.1 101.7
A eig 4 sl 4 ’y
85.1 31. 31.
}348 159.5 iOéE 158.E 741 i01.7
& - 445 : 16 1 o
85.1 31. 3.
1348 159.6 1042 159.6 7.1 101.7
- + o8 L 1o 1. >
85.1 31. 3.
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& " o - #1e s %

4 195.1 4 l3l § 131, 4
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Fig. D-6 Assumed Mechanism
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1) 1st floor exterior column (windward)
Pu =075 x 211.5 - 68.0 = 90.6 kips
Pu/ Ag = 90.6/ (16x16) = 0.35 ksi (p. = 0.012)
From Chart of Column, ¢ Mn/ Ag h = 0.32 ksi
¢$=09-02/04x035=0.725
Mp=Mn=032xAgh/¢=032x 163 /0.725 1 12 = 150.7 kips-ft

ii) 1st floor interior column
Pu = 3589 + 17.0 = 375.9 kips
Pau/ Ag =13759/(16x16) =147 ksi  (p_ = 0.0185)
From Chart of Column, ¢ Mn/ Agh=0.51ksi, ¢=0.7
Mp=Mn=051xAgh/¢=051x16" /07712 = 248.7 kips-fi

iii} 1st floor exterior column (leeward}
Pu=075x 211.5 + 35.5 = 194.1 kips
Pu/Ag=1941/(16x16) =076 ksi (p_ = 0.012)
From Chart of Column, ¢ Mn / Ag h= 044 ksi, & = 0.7
Mp=Mn=044xAgh/$=044x 16" /0.7/12 = 214.6 kips-ft

iv) 5th floor exterior column
Pu=0.75x423 - 13.6 = 18.1 kips
Pu/ Ag =181/ (16x16) =007 ksi  (p_ = 0.012)
From Chart of Column, ¢ Mn/ Ag h = 0.527 ksi
$=09-02/04x007=0.865
Mp=Mn=027xAgh/¢=027x 163 /0.865 / 12 = 106.5 kips-ft > 101.7

v) 5th floor interior column
Pu=0.75 x 95.7 + 3.1 = 74.9 kips
Pu/Ag =749/ (16x16) =02%ksi (p_ = 0.012)
From Chart of Column, ¢ Mn/ Agh = O%Z ksi
¢$=09-02/04x029=0755 5

Mp=Mn=032xAgh/¢=032x16" /0755712 = 144.7 kips-ft

* Internal work

ZMp 6 = (95.1x5 + 101.7x5 + 159.6x8 + 31.4x8 + 144.7x2 + 248.7x2 + 150.7
+214.6) 6 =3664.10

* Calculation of base shear capacity Qu of each frame for earthquake loading
W =W, 426 P9 = 3664.1 9 P = 8.60 kips
Qu=2 Pi = (2.90 + 2.64 + 2.10 + 1.55 + 1.0) x 8.60 = 87.6 kips
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* Calculation of base shear capacity Qu of each frame for wind loading

cht = Wint 187 PO = 3664.1 8 P = 15.6 kips

Qu =X Pi =(0.67 + 1.29 + 1.27 + 1.12 + 1.0) x 19.6 = 104.9 kips
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Fig. D-7 Final Mechanism
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¢} Soil condition 83

* Negative plastic moment Mp of slab ends

Mp =103.3/0.9 = 114.8 kips-ft
Mp = 154.9 /0.9 = 172.1 kips-ft

i) At exterior slab ends
ii) At interior slab ends :

* Positive plastic moment Mp of slab ends

Assuming one-half of the mid-span reinforcements are extended to the interior supports
and 100% of the mid-span reinforcements are extended to the exterior supports (see
Fig. C-10), the positive plastic moment Mp of the slab ends can be calculated as fol-
lows :

i) At exterior slab ends : / ld(full) =14/12 > 1.0

1d(prov.)
Mp = 85.6 /0.9 = 95.1 kips-ft

ii) At interior slab ends : /1 d(full) = 11/12 < 1.0

1d(prcw.)
Mp=61.7/2/09x 11/12 = 31.4 kips-ft

* Calculation of plastic moment of column

Assuming the additional axial force due to the failure mechanism can be calculated
from the assumed mechanism (Fig. DD-8) and can be estimated without the load factor,
Mp of a column will be derived from the column interaction diagram in Fig. C-11 us-
ing pg of column =0.012 (see section C-5 h).

1443 172.1 iOéS 1v2.1 7:‘8 114.8
£ 2 ¥ 8 T S8 T £
t ] s J | 31.4 } 1314 \
14.3 3.4 3.1 7.8
1443 172.1 IOéS 172.1 7.;8' 114.8
4 3 418 t LA t &
35.1 31.4 31.
144’3 172.1 1059 172.1 7.8 114.8
$ b 1% ” #48 4 &
895.1 31.4 31.
144.3 172.1 iOéB 17¢.1 758 114.8
5 ; 44 . 15 4 =
35.1 31.4 31.
14.3 172.1 10.9 172.1 7.8 114.8
& 1 o1 4 i 4 ®
T 1951 { 131.4 13 i
71.5 17.0 15.5 39.0
. ¢ - —
| 20" | 20" | 20" ‘

Fig. D-8 Assumed Mechanism
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i) 1st floor exterior column (windward)
Pu=0.75 x 211.5 - 71.5 = 87.1 kips
Pu/ Ag = 87.1 / (16x16) = 0.34 ksi (p_ = 0.012)
From Chart of Column, & Mn/ Ag h = 0.33 ksi
¢=09-02/04x034=073
Mp = Mn = 033 x Agh /6 = 0.33 x 16> / 0.73 / 12 = 154.3 kips-ft

ii) 1st floor interior column
Pu = 358.9 + 17.0 = 375.6 kips
Pu/ Ag = 375.9/ (16x16) = 1.47 ksi  (p_ = 0.023)
From Chart of Column, ¢ Mn/ Agh = O.Sg? ksi, ¢ =07
Mp =Mn =057x Agh/¢$=057x 16" /0.7 /12 = 277.9 kips-ft

iif) 1st floor exterior column (leeward)
Pu = 0.75 x 211.5 + 39.0 = 197.6 kips
Pu/Ag=197.6/ (16x16) = 0.77 ksi  (p,_ = 0.012)
From Chart of Column, ¢ Mn/ Agh =043 ksi, ¢ =07
Mp = Mn = 0.43 x Ag h /¢ = 0.43 x 16> / 0.7 / 12 = 209.7 kips-ft

iv) 5th floor exterior column
Pu=075x423-14.3 = 174 kips
Pu/Ag=17.4/(16x16) = 007 ksi  (p_ = 0.012)
From Chart of Column, ¢ Mn/ Agh = 057 ksi
6 =09-02/04x 007 =0.865
Mp=Mn=027xAgh/¢=027x 163 / 0.865 / 12 = 106.5 kips-ft

v} 5th floor interior column
Pu = 0.75 x 95.7 + 3.1 = 74.9 kips
Pu/Ag =749/ (16x16)=029ksi  (p_ = 0.012)
From Chart of Column, ¢ Mn/ Ag h = 0.32 ksi
¢=09-02/04x029=0755
Mp = Mn = 032 x Ag h/ ¢ = 0.32 x 16° / 0.755 / 12 = 144.7 kips-ft

* Internal work

Z Mp 8 = (95.1x5 + 114.8x4 + 172.1x8 + 31.4x8 + 144.7x2 + 277.9x2 + 106.5
+ 1543 +209.7) 6 =3878.40

* Calculation of base shear capacity Qu of each frame for earthquake loading
wext = Wint 426 PO = 38784 6 P = 9.10 kips
Qu==% Pi = (2.90 + 2.64 + 2.10 + 1.55 + 1.0) x 9.10 = 92.7 kips
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* Calculation of base shear capacity Qu of each frame for wind loading

Wext = Wint

€X

187 PG = 3878.4 6

P = 20.7 kips

Qu==% Pi = (0.67 + 1.29 + 1.27 + 1.12 + 1.0) x 20.7 = 110.7 kips

B
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Fig. D9 Final Mechanism
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ID>-4 Calculation of Ultimate Capacity for Earthquake (Seismic Zone 1)

Since structural members in seismic zone 1 are equal to those under wind loading (see
Tables C-4, C-5, C-6 and C-7), internal work and mechanism of collapse in zone 1 for soil
conditions S1, §2 and §3 are same as those under wind loading (see Section D-2).

* Internal work
From section D-2, Z Mp 6 =3347.1 6

* Calculation of base shear capacity Qu of each frame for earthquake loading
Wt = Wint 426 PO = 3347.1 6 P = 7.86 kips
Qu=2XP =(2.90+2.64+2.10+ 1.55 + L.O) x 7.86 = 80.1 kips

* Calculation of base shear capacity Qu of each frame for wind loading
Wi = Win 187 P8 =3347.1 6 P = 17.9 kips

ex
Qu =P, =(0.67+1.29 + 127 + 112 + 1.0) x 17.9 = 95.8 kips
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D-5 Summary of Ultimate Structural Capacity

Since the ultimate capacity is dependent on the external load, the structural ultimate capa-
city of each frame can be derived as in the following table, using plastic analysis[11].

Table D-2 Summary of Ultimate Capacity of Each Frame

W E-1 (S1) | E-2 (52) | E-3(83)

Seismic Zone 2

QuE (kips) - 82.4 87.6 G2.7
QuW (kips) 05.8 98.4 104.9 110.7
Seismic Zone 1
Qg (kips) 80.1 80.1 80.1
QuW (kips) 95.8 05.8 95.8 5.8
Notes;

W . designed for Wind only

E-1 (51) : designed for Earthquake under S1 in addition to wind

E-2 (S82) : designed for Earthquake under S2 in addition to wind

E-3 (83) : designed for Earthquake under $3 in addition to wind

QuE : Ultimate Capacity of Each Frame at 1st Floor for Eathquake Loading
QuW : Ultimate Capacity of Each Frame at 1st Floor for Wind Loading
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