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Total Drift

Acceptable Total Drift(%) or Chord

Ratio(%) or  Residual Rotation(radians)
Conditions Chord Stren_gth Performance Level
Rotation Ratio Component Type
(radians) 10 Primary Secondary
d e c LS CcpP LS CpP
i. Shear Walls and Wall Segments
All Shear Walls and Wall Segments 0.75 2.0 0.40 0.40 0.60 0.75 0.75 15

Table 1. Modeling parameters and numerical acceptance criteria for nonlinear procedures for members controlled by shear [17]
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Wall 5-Story DCR  10-Story DCR
P(ton) 191.6 357.65

051 ————— 0.95
P.(ton) 375 375
M(t.m) 318.34 690.13

025 —— 041
M,(t.m) 1260 1660
y(rad) 0.0002 0.0007 0.17
ve(rad) 0.004 0.004 '

Table 2. Acceptance criteria control for the wall
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Beam 5-Story DCR  10-Story DCR
P(ton) 243 8

005 ———— 0.15
P.(ton) 52.5 52.5
M(t.m) 8.77 24

0.35 0.63
M,(t.m) 25 38
y(rad) 0.0008 0.00114 0.28
yo(rad) ~ 0.004 0.004 '

Table.3. Acceptance criteria control for the coupling beam
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Wall 5-Story DCR  10-Story DCR
P(ton) 136 0.36 350 0.93
P.(ton) 375 375
M(t.m) 390 0.31 672 0.40
Mc(t.m) 1260 1660
v(rad) 0.0003 0.0008

— 0.20
y.(rad)  0.004 0.004

Table 4. Acceptance criteria control for the wall

Ll 5 Gl ok slaobae J 250 g

Beam 5-Story DCR 10-Story DCR
Plon) 18 g3 & o3
P.(ton) 52.5 52.5
M(tm)  9.24 037 24.5 065
M,(t.m) 25 38
y(rad)  0.0011 000125 .,
v.(rad)  0.004 0.004 '

Table 5. Acceptance criteria control for the coupling beam

Lolses sl o8 Ly ol 28 5 = b 5L Blae ol 5 570 s
()b 0 83 Sas cobe 4 kil gl s

Roof Drift
Performance Level  5-Story 10-Story

c 10 0.172 0.268
% LS 0.260 0.344
CcpP 0.320 0.392

_ 10 0.310 0.520
g LS 0.400 0.780
CpP 0.446 0.860

Target Drift »» 0.0445 0.120

Table 6. The roof drift corresponding to the design earthquake
and roof drift, when the first wall and coupling beams attained
the performance levels (%)



le&u; JJ‘M 6\*.3?..‘

by B woylm gyl loy s Shas  (slandlas

aib 0 il b b ot VY JSS

s 17 JKI=2K2
3 ; :
7 08 - ~
“E =] —_\ Structure Without Spandrel
= =
E‘) 0.6 - A / |
: E)D / 9
£ 8 : Structure With Spandrel
2 = wl | B
< 0.4 - —
o | 5
£ & 3
2 02 - =
2 Roof Drift
m
O T T LIRS T N T T T
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
Fig. 12. The capacity curve of 5-story structure

aib Vv ojle o b e AT IS
~ 0.8 - ;
é FKI=s5K2
a K2 E'j
E 0.6 - & é
Gy o=
g 5 Structure With Spandrel
3 &0
2 0.4 - E O’T‘ /\ ; Structure Without Spandrel
2 A o
3 . o NG
<
£ 0.2 g VIJ =
Q
@
% Roof Drift
8 0 T T T N T T N T T

0 0.0015 0.003 0.0045 0.006 0.0075 0.009 0.0105
Fig. 13. The capacity curve of 10-story structure
axdllan 3,50 glaosle Cd b v aulin N S
7‘5; 17 Dotted Lines = 10-Story Structure
§ © | Solid Lines = 5-Story Structure :
< 0.8 - ; 0 n
2 - =
B B & ; :
2061 |3 = '
; o g
: sl A2
=]
5 04 - =
, T 3
£ 0.2 ~
2 rd ‘ Roof Drift
M : : :
0 T T T T T - T T - T - 1

0 0.001

0.002

0.003 0.004 0.005 0.006 0.007 0.008 0.009

Fig. 14. The capacity curve of case study structures
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Abstract:
The tunnel form falls under the category of industrial construction methods which is one of the modern
construction schemes to build new urban area. Due to reducing the construction time and having proper
performance under the past earthquakes, this type of building construction is recognized as a suitable method
used in mass production of construction projects. In recent years in many countries such as Iran may be
proned to damage by strong earthquake, tunnel-form buildings is gaining increasing popularity. Despite its
widespread usage and different behavior in respect to other systems, the current building design codes have
not been considered these constructions as an independent structural system and usually considered as the
bearing wall system. However, previous studies showed that empirical equations given in building design
codes vyield inappropriate estimates of dynamic parameters and result in inaccurate computation of
earthquake design forces.
Due to domination of the natural torsion mode in respect to the natural transverse modes based on
performing Eigen value analysis of their structural models, use of this system with an irregular plan has
been declared illegal by Building and Housing Research Center (BHRC) of Iran. However, so far no
information pertaining to their seismic behaviors and vulnerabilities have been reported subjected to past
earthquakes. Necessitating regularity of tunnel form constructions in plan and elevation, despite superior
advantages such as high-speed manufacturing process and high quality assurance, are the basic problems of
using this structural system in urban zones. Therefore based on reasonable numerical results, seismic
behavior and performance of structures constructed with this technique considering the effective factors on
their responses (high redundancy and over-strength factors) are highly noteworthy in a seismic code
development process. In this endeavor, the seismic behaviors of the two tunnel form structures of 5 and 10
stories with an irregular floor plan are studied. Moreover performance levels under the design earthquake
using the response history and pushover analysis are specified. The results showed the appropriate seismic
performance and high capacity and strength despite the irregularities. Both structures subjected to the design
earthquake (return period of 475 years) are placed in the Immediate Occupancy performance level. It seems
that the provision No. 5 of the regulations issued by the BHRC pertaining to tunnel form building design and
construction that stipulate regularity requirement of the tunnel form plan, at least, are strict and scrupulous
for the studied structures. A couple of results may be drawn as follow:
i Within the results of the analysis of models in this study, the results indicate acceptable seismic

performance and quality of system in spite of inherent intialweak torsional resistance and
simultaneously induced torsional response caused by plan irregularity.

ii.  The spandrel beams act as the structural fuses. Increasing construction height causes that the impact of
these elements on its lateral strength are increased.

iii.  Torsion induced by plan irregularity intensifies displacement of structure peripheral and thus failure
begins from these parts of the construction.

iv. At roof level of each model, the mass center with respect to the left and right edges of the diaphragm,
experience less drift. Under this circumstance, it seems that the maximum displacement of mass center
as target point is not suitable for a damage measure of these types of structures.

Keywords: RC tunnel form system, plan irregularity, seismic performance levels, design code.
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