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In designing structures subjected to seismic forces, selecting an appropriate system based
on seismic performance and building height is essential. Special Truss Moment Frames
(STMF) are an innovative structural system designed to provide adequate lateral stiffness
and control deformations. This system, combining steel trusses and columns instead of
traditional beams, is highly efficient in absorbing lateral seismic forces, making it suitable
for tall buildings and large spans. This study investigates the influence of the number of
stories and the number of Vierendeel special segment panels in the STMF system on its
seismic performance parameters. The analyzed models include nine cases with two, five,
and eight stories, each designed with one, two, and three special segment panels. These
models were developed in the ETABS software for preliminary design, while nonlinear
analyses, including pushover and time history, were conducted in OpenSees. The
pushover analysis was performed following FEMA P695 guidelines, and the nonlinear
dynamic time history analysis was conducted based on ASCE 7 standards with 11 pairs
of far-field ground motion records. The results highlight the high ductility of the STMF
system, which increases with the number of stories and special segment panels, along
with average over-strength factors of 2.5, which are close to the ASCE 7 recommended
value of 3. The average transient story drift remained below 2%, while the average
residual drift was approximately 0.15%, both within the permissible limits outlined in the
code. Moreover, the models exhibit desirable seismic performance without any
indications of non-compliance under severe seismic demands. In terms of design,
increasing the number of panels in the special segment reduces the amount of structural
steel required. This occurs because longer special segments result in lower expected shear
forces, leading to smaller cross-sections for members outside the special segment.
Conversely, models with shorter special segments demonstrate higher lateral stiffness and
greater base shear capacities. Overall, this research confirms that the STMF system with
Vierendeel special segments offers excellent seismic performance and can serve as a
suitable and cost-effective option for designing structures with large spans.
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Parameters Value Description
Ss 15¢ Mapped MCER short period spectral acc.
St 06¢g Mapped MCERr one-second spectral acc.
SC D Site class
Fa 1.0 Short period site coefficient
Fv 15 Long period site coefficient
Sms=Fa Ss 15¢ MCER spectral acc. at short periods
Sm1=FvS1 099¢g MCER spectral acc. at 1-s period
Sbs=2/3 Sms 10g Design spectral acc. at short periods
Sb1 = 2/3 Sm1 064¢g Design spectral acc. at 1-s period
SDC D Seismic design category
| 1.0 Occupancy importance factor
R 7.0 Response modification factor
Q 3.0 Over-strength factor
Cq 55 Deflection amplification factor
ondarlllao OB o1k ey glojy) glo el Y Jgan
Erames STMF | STMF | STMF | STMF STMF STMF | STMF [STMF STMF
2-1 2-2 2-3 5-1 5-2 5-3 8-1 8-2 8-3
h (m) 8 8 8 20 20 20 32 32 32
T (s) 0.535 0.535 0.535 1.1135 1.1135 11135 | 1.6217 | 1.6217 | 1.6217
Cs 0.1429 | 0.1429 | 0.1429 0.077 0.077 0.077 0.0529 | 0.0529 | 0.0529
V4 (kN) 607 601 600 844 833 832 938 930 933
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Frames Story | Columns Exterior bay Interior bay
1 2 3 4 5 6 1 2 3 4 5 6
STMF2-1 1 400%25 2U260 | 2U260PL | 2U160 | 2U140 | 2U220 - 2U220 | 2U220PL | 2U120 | 2U120 | 2U180 -
2 400%25 2U220 | 2U220PL | 2U120 | 2U120 | 2U180 - 2U140 | 2U140PL | 2U100 | 2U80 | 2U120 -
STMF2-2 1 350%22 20180 20180 2U100 | 2U160 | 2U200 | 2U140 | 2U160 2U160 2U80 | 2U140 | 2U180 | 2U120
2 350%22 2U160 2U160 2U80 | 2U140 | 2U180 | 2U120 | 2U140 2U140 2U80 | 2U120 | 2U160 | 2U100
STMF2-3 1 300x20 20180 20180 2U100 | 2U160 | 2U200 | 2U180 | 2U160 2U160 2U100 | 2U160 | 2U180 | 2U16
2 300%20 2U160 2U160 2U80 | 2U140 | 2U160 | 2U140 | 2U140 2U140 2U80 | 2U140 | 2U160 | 2U140
STMF5-1 1~-3 45030 2U300 | 2U300PL | 2U200 | 2U160 | 2U260 - 2U220 | 2U220PL | 2U120 | 2U120 | 2U180 -
4 400%25 2U240 | 2U240PL | 2U160 | 2U140 | 2U220 - 2U180 | 2U180PL | 2U100 | 2U100 | 2U140 -
5 400x20 2U140 | 2U140PL | 2U100 | 2U100 | 2U140 - 2U140 | 2U140PL | 2U80 2U80 | 2U120 -
STMF5-2 1-3 350%25 20200 20200 2U100 | 2U180 | 2U220 | 2U180 | 2U160 2U160 2U80 | 2U140 | 2U180 | 2U140
4 350%25 20180 2U180 2U80 | 2U160 | 2U200 | 2U140 | 2U160 2U160 2U80 | 2U140 | 2U180 | 2U120
5 350x25 | 2U140 2U140 2U80 | 2U120 | 2U160 | 2U100 | 2U140 2U140 2U80 | 2U120 | 2U160 | 2U100
STMF5-3 | 1~3 350x25 | 2U200 20200 2U100 | 2U200 | 2U220 | 2U200 | 2U180 2U180 2U80 | 2U180 | 2U180 | 2U180
4 300x20 | 2U180 2U180 2U80 | 2U180 | 2U200 | 2U180 | 2U160 2U160 2U80 | 2U160 | 2U180 | 2U160
5 300x20 20140 2U140 2U80 | 2U140 | 2U160 | 2U140 | 2U140 2U140 2U80 | 2U140 | 2U160 | 2U140
STMF8-1 1-5 50030 2U300 | 2U300PL | 2U200 | 2U160 | 2U260 - 2U200 | 2U200PL | 2U120 | 2U120 | 2U200 -
6 45030 2U240 | 2U240PL | 2U160 | 2U140 | 2U240 - 2U200 | 2U200PL | 2U120 | 2U120 | 2U200 -
7 400x25 | 2U200 | 2U200PL | 2U120 | 2U120 | 2U200 - 2U180 | 2U180PL | 2U100 | 2U100 | 2U160 -
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8 400x25 20140 2U140 2U80 | 2U140 | 2U160 | 2U100 | 2U140 2U140 2U80 | 2U140 | 2U160 | 2U100
STMF8-3 | 1~5 500x30 | 2U200 20200 2U120 | 2U200 | 2U200 | 2U200 | 2U180 2U180 2U120 | 2U180 | 2U180 | 2U200
6 450x30 | 2U180 2U180 2U120 | 2U180 | 2U180 | 2U180 | 2U180 2U180 2U120 | 2U180 | 2U180 | 2U180
7 450x30 | 2U160 2U160 2U100 | 2U160 | 2U160 | 2U160 | 2U160 2U160 2U100 | 2U160 | 2U160 | 2U160
8 45030 20140 2U140 2U80 | 2U140 | 2U140 | 2U140 | 2U140 2U140 2U80 | 2U140 | 2U140 | 2U140
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Frames Period (s)  Vmax (KN)
(STMF-1) Ref. Study 0.428 3150
(STMF-1) Current Study 0.44 2909.48
Difference (%) 2.7% 8.2%
(STMF-3) Ref. Study 0.179 8750
(STMF-3) Current Study 0.18 8698.13
Difference (%) 0.6% 0.6%
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Frames Steel weight (ton)
STMF2-1 17.74
STMF2-2 12.84
STMF2-3 11.62
STMF5-1 51.99
STMF5-2 35.68
STMF5-3 34.66
STMF8-1 89.40
STMEF8§-2 73.60
STMF8-3 81.55
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STMF STMF  STMF STMF STMF STMF STMF  STMF
Frames 2-1 2-2 2-3 5-2 5-3 8-1 8-2 8-3
V4 (KN) 607 601 600 833 832 938 930 933
Vmax (KN)  1450.51 1564.41 1738.51 2066.30 2328.30 1906.50 2536.80 2589.50
By eff (€M) 3.0 4.7 6.8 13.3 15.4 9.7 17.7 18.8
du (cm) 28.6 315 455 193.3 182.0 168.0 247.0 281.0
Q 2.4 2.6 2.9 2.5 2.8 2.0 2.7 2.8
ur 9.5 6.7 6.7 14.5 11.8 17.3 14.0 14.9
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