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ABSTRACT

High-rise residential buildings these days tend to adopt a building frame system as primary earthquake resisting
structural system for some architectural reasons. But there exist several ambiguities in designing such building

frame systems according to current codes with regards to :

the effective stiffness property of RC cracked section in

static and dynamic analyses, analytical model to evaluate story drift ratio, and deformation compatibility
requirements of frames. The comparative study for these issues by appling KBC 2005 to a typical building frame
system shows that demands of member strength and story drift ratio can be different significantly depending on
engineer’s interpretation and application of code requirements. And a building frame system can be noneconomical,
compared with the dual system, because of higher demands on strength or ductility in both frames and shear walls.

Keywords ¢ building frame system, high%ise, concrete, seismic design, effective stiffness, ddomiation compatibility
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(a) Model 1
Fig. 1 Analytical model

(b) Model 2
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Fig. 2 Plan and elevation of example building (mm)

Table 1 Member size and concrete strength in
example building

Story |Shear wall|Coupling beam Column Slab

1~15F | 800(58.8) | 800x1000(58.8) | 800x800(58.8) | 250(44.1)

16~30F | 700(49.0) | 700x1000(49.0) | 800x800(49.0) | 250(39.2)

31~45F | 600(39.2) | 600x1000(39.2) | 800x800(39.2) | 250(29.4)

46~60F | 500(29.4) | 500x1000(29.4) | 800x800(29.4) | 250(29.4)

Unit : mm (MPa)
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$py=0.146, Sps=0.366
R=5.0

=15

T=2.76 sec

C.=0.0159

T=2.76
Period {sec)

Fig. 3 Design spectrum of KBC 2005

Table 2 Effective stiffness of cracked RC sections

Member ACI CSA NZS
© 318-02 23.3-94 3101-1995
Conventionally 0.2EI, 0.4ET,
reinforced 0.35E1, 1+3(K/ L)% 1+8(h/L)%
coupling beam 0.15EL, 0.212E1,
Diagonally 0.4EI, 0.4El,
reinforced N.A. 1+3(K/L)? 1.7+2. 74/ L)?
coupling beam 0.30EL, 0.20EL,
Compression wall EI
in flexure | 0-TOELL 0.80EK, 0.45E1,
Tension wall
\35E1
in flexure | O30l 0.50EL, 0.25E,
Compression
wall axial | "0EAe  LOEA 0.80EA,
Tension
EA
wall axial 0.35 0.50EA, 0.50EA,
Average
wall axial N.A. 0.65E1, NA.
I, - moment of inertia of gross section
A, ° gross area
E - modulus of elasticity of concrete
N.A.:Not Applicable

Table 3 Variation of member force according to codes

ACI CSA NZS
Viam 157 6N | 1%29;,) ( 130,(2)4{; | ( 131,(5)5; )
ey | B0 |
Py comp 17 (KN) (21(5()756;7) <2155168014,0> :(2171902;5)
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Fig. 4 Variation on effective stiffness of RC members
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Table 4 Spectral response acceleration considering
seismic zone and site class(KBC 2005)

Sps Spi
Site Seismic zone Seismic zone
class 1 2 1 2
g 2.0MA 1.8MA 0.8MA 0.7MA
4 (0.293) (0.168) 0.117) (0.065)
S 25MA 25MA 1.0MA 1.0MA
B (0.366) (0.233) (0.146) (0.093)
s 3.0MA 30MA 1.6MA 1.6MA
¢ (0.439) (0.279) (0.234) (0.149)
s 36MA 4.0MA 2.3MA 2.3MA
P 0527 0.372) (0.336) (0.214)
S 5.0MA 6.0MA 34MA 34MA
£ (0.732) (0.559) (0.497) (0.317)
M : 1.33

A ! site factor — seismic zone 1 : 0.11
seismic zone 2 : 0.07

Table 5 Seismic design category according to
seismic use group and spectural response
acceleration(KBC 2005)

Seismic use Seismic

Sis group Snt use group
s|li1]2 s|l1]2

0.508<Sps D|D|D 0.20e< Sy, D/ D|D
0.338<5ps<0.506 D C | C|0.14g<5,<0.20¢| D| C[ C
0.176<5,:0.33¢ C | B | B [0.07¢<5,<0.14¢| C| B| B
Spe0.17¢ AlA[A S$5<0.07g AlAlA

Table 6 Seismic design category according to
seismic use group and site class(KBC 2005)

Seismic use group
Site Special 1 2

class{ Seismic | Seismic | Seismic | Seismic | Seismic | Seismic
zone 1 | zone 2 | zone 1 | zone 2 | zone 1 | zone 2
Sy C A B A B A
S5 | D C C B C B
Se D D D C D C
Sp D D D D D D
Sy D D D D D D
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Table 7 Variation of member forces with different |

Table 8 Variation on analytical methods

and A values in spectrum analysis - ; ; ; -
| ] Dynamic analysis |Equivalent static analysis
Method 1 Method 2 Method 3
- X Lo 0.351, 0.1,
beam -y
Ly te 031 0.5 0.701 et 0.5, 05,
Lo e e e L comp ‘ 0.701,
Ay ton Ay ten 0.4,
0.354, 0.64, 1.04, , :
A cony — Auem | = 06 104,
V, 2,151 2,249 2,295 V,
gﬁ,)lszf (100%) (105 %) (167 %) ____Pbedm- I5F o 2,253(100 %) 3,395(151 %)
P 109504 L5701 123,851 w, ten, 1F -115,701(100 %) ~267,657(231 %)
wall, IF 5 s s KN
(kN) (100 %) (106 %) (113 %) Py coms, 1 (KN) 115,701(100 %) 267,657(231 %)
Mot r 198751 11855 931,864 My, ton, 17 (KNI | —211 845(100 %) -268,655(127 %)
(kNm) (100 %) (107 %) (117 %) M, comp F (KNm)| 211,845(100 %) 497,870(235 %)
80 60 60 60
50 50 | 50 50
40 40 40 I
530 an b S 30 § 30
w
20 —Method 1 20 20 20
-+ Method 2 - DYN
10 — Method 3 bl 1: ‘ 12 ) ‘ ‘
0 . ‘ 0 g
0.000 0.005 0.010 0.015 0.020 [} 1000 2000 3000 0.00 0.01 0.02 0.03 0 1000 2000 3000 4000

Story drift ratio
(a)Story drift ratio

Shear force (kN)
(b)Shear force of coupling beams
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Fig. 5 Distributions of responses with different values
of | and A
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dynamic analyses
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Table 9 System parameters of structural systems

Building frame Dual system

system (BFS) (DS)

Response modification 5 55
coefficient ( R) ’

Deflection amplification 45 45

factor ()
Requirements for walls| AC 318-02 21.1 | ACI318-02 21.1
Requirements for ACI318-02 ACI318-02 21.12
Frames 21.11
21.1 (Ordinary reinforced concrete structural wall) : A
wall complying with the requirements of Chapters 1
through 18
21.11 : Frame members not proportioned to resist forces
induced by earthquake motions
21.12 : Requirements for intermediate moment frames

Table 10 Member forces in CSW of BFS and DS

Building frame Dual system

Vocom 155 (kN) 2,253(100 %) 2,146(95 %)
P (kN) 115,701(100 %) 94,227(81 %)
M, 1 (KN-m) 211,845(100 %) 201,602(95 %)
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Fig. 7 Analytical models to determine the strength
demands on CSW
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Fig. 9 Distributions of response in CSW of BFS and
DS (Spectrum analysis)
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<21.11.1>
Moments and shears due to Design Displ:

Not
H computed

Computed and combined with effects of 1.05D + 1.28L
or 0.9 D, whichever is critical, resufting in M, & V,,

<21.11.2>
gM,>M, or ¢V, >V,

No < 21.11.3>
<21.11.3.1>
2124, 21.25 2126 21.2.7.1

No
<21.11.3.2>

Y

21.3.2.1, 21.34
Stirrups @ d/2 or less throughout member length

21.4.3.1, 2144
21.4.5, 21521

<21.3.21>
Stirrups @ d/2 or less
throughout member length

No

21.11.2.7 >

2143, 21.4.4.1(c) -

21443, 2145

s <8, for full length Amount of transverse,
s, < 6d, (smallest long. bar) reinforcement > 172
<6in. that req'd by 21.4.4.1

\

Fig. 10 Design flow chart for frame members not
proportioned to resist forces induced by
earthquake motions (ACI 318-02)
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Fig. 11 Design of a first-story column in BFS and
DS (See Fig. 8 for the column location)
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Table 11 s5/5, of example building (unit : mm)

Story | 4. 5, A4, . & 58,

T

60 456 1367 | 3095 | 326 979 1.40

59 445 1336 | 31.05 320 961 1.39

2 2.17 6.50 4.40 2.07 6.22 1.04

1 0.70 2.09 2.09 0.67 2.00 1.05

6,  displacements calculated by an elastic analysis of
seismic force resisting systems(SFRS)

8, = Cp./1; . design displacement of SFRS

A, =6,—8,_; : interstory drifts

&, - displacements calculated by an elastic analysis of
entire structure

§,=Cf o/Iz, Iy * Seismic importance factor

Table 12 Strength demands in first-story column by
deformation compatibility

Load Axial force| Moment

(kN) (KNm)
Dead load -11,015 17
Live load -2,643 6
Seismic load(F,,) 2,013 127
Seismic load(F,,) 9,483 599
COMB 1 14D+1.7L 19,915 14
COMB 2|0.75(1.4D+1.7L)+1.0E(F,,) 5,453 610
COMB 3]0.75(1.4D+1.7L)-1.0E( F,,) 24,419 -589
COMB 4 0.9D+1.0E(F,) 430 615
COMB 5 0.9D-1.0E(F,,) 19,396 -584
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