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Abstract. The inelastic earthquake response of non-symmetric, braced steel buildings, designed 
according to the EC3 (steel structures) and EC8 (earthquake resistant design) codes, is investigated using 
1, 3 and 5-story models, subjected to a set of 10, two-component, semi-artificial motions, generated to 
match the design spectrum. It is found that in these buildings, the so-called “flexible” edge frames exhibit 
higher ductility demands and interstory drifts than the “stiff” edge frames. We note that the same results 
were reported in an earlier study for reinforced concrete buildings and are the opposite of what was 
predicted in several other studies based on the over simplified, hence very popular, one-story, shear-beam 
type models. The substantial differences in such demands between the two sides suggest a need for 
reassessment of the pertinent code provisions. In a follow up paper, a design modification will be 
introduced that can lead to a more uniform distribution of ductility demands in the elements of all 
building edges. This investigation is another step towards more rational design of non-symmetric steel 
buildings.

Keywords: asymmetry; eccentricity; torsion; multistory steel buildings; braces; earthquake inelastic 
response; plastic hinge model.

1. Introduction

Inelastic response of non symmetric buildings to strong earthquake motions is a very active area 

of research. Such response involves torsional motion that can be caused not only from the mass and 

stiffness eccentricities that are known when the building is designed, but also due to factors 

unknown at design time and hence difficult to account for directly. Such factors can be eccentric 

arrangements of “non-structural”, yet load-bearing elements, non coherent input at support points or 

asymmetric yielding. Because some of these factors cannot be known in advance and hence be 

explicitly accounted for in design, torsion can make the response of the building more severe and 

thus increase damage or even contribute to collapse. Moreover, the fact that modern building code 

design addresses inelastic response in a highly approximate manner (based on elastic analyses with 

reduced seismic actions and through capacity design procedures), even the known eccentricities of 

buildings with irregular layouts can generate unexpected inelastic action.

Recent work has indicated that code designed, eccentric reinforced concrete frame buildings 

subjected to design level earthquake actions, exhibit undesirable inelastic response (Stathopoulos 
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2001, Stathopoulos and Anagnostopoulos 2002, 2005). Using the response of the associated 

symmetric building as the basis for comparison, it has been found that frames at the “flexible” 

edges experience increased inelastic deformations and those at the “stiff” edges decreased 

deformations. As a result, inelastic response measures, such as ductility factors and damage indices, 

at the “flexible” edge have reached values more than twice those at the “stiff” edge. Obviously, 

such uneven distributions are undesirable as they can lead to premature member failures. We note 

here that this result is the opposite of what has been reported in past publications, based on 

simplified, highly idealized, one-story models, with simple shear-beam elements designed for lateral 

load resistance (Chandler and Duan 1991, Chopra and Goel 1991, Tso and Zhu 1992, Duan and 

Chandler 1993, Humar and Kumar 1999, Rutenberg 2002). Recently, however, it was shown that 

even the simplified, one story models predict the correct response, in qualitative agreement with the 

more detailed plastic hinge multistory models, provided that their element strengths are not 

determined only from the earthquake action but reflect the strengths of the realistic models 

determined for several loading conditions, including gravity loads (Anagnostopoulos et al. 2010). 

In the present paper the distribution of earthquake induced ductility demands is examined for 

multistory, steel, eccentric buildings that are designed in accordance with the Eurocodes 3 (for steel) 

and 8 (for earthquake resistance). Three sets of buildings are designed: The first with one story, the 

second with 3 stories and the third with 5 stories. Each set includes a torsionally balanced building 

for reference and two eccentric buildings with mass eccentricities 0.10 and 0.20. A torsionally 

balanced building, defined as one that experiences no torsion under earthquake excitations, is 

designed so that its approximate stiffness center in each floor (defined below), coincides with the 

corresponding mass center. We note here that it would be easier to design and use totally symmetric 

buildings for reference in each of the three building groups, but these would have a slightly 

different layout from the eccentric buildings. It was therefore decided that a torsionally balanced 

building with the exact member layout as the eccentric buildings would be a more appropriate basis 

for comparisons. These buildings are subsequently subjected to sets of ten, two component semi-

synthetic motions, generated to closely match the design response spectrum, and their rotational 

ductility demands as well as interstory drifts of the frames at the building edges are used to evaluate 

the building performance. An overloading with 1.5 times the design earthquake is also examined. 

Preliminary results of the work presented herein have been reported by Kyrkos and 

Anagnostopoulos (2010), but those were for buildings with symmetrically placed braces in the 

central bay of each of the four sides in the perimeter.

The objective of the work is to see if the behavior of the eccentric steel buildings is similar to the 

behavior reported earlier for reinforced concrete, eccentric, space frame buildings and if this 

happens it will point to an inherent problem with the applicable codes that will call for their 

modification.

2. Buildings and motions used

In the present study three sets of steel, braced frame buildings were selected: with one, three and 

five stories each. The layout is the same for all floors of all three buildings and may be seen in Fig. 

1. In the same figure the elevations of the two sides of the 5 story building are also shown. Each 

building is formed by 4 frames along the x axis, (FR-1X to FR-4X) and 6 frames along the y axis 

(FR-1Y to FR-6Y). The exterior frames along the y axis have braces in the middle bay, while the 
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exterior frames along the x axes were selected each with a different number of braced bays: Frame - 

1X has braces in its middle bay, while Frame - 4X at the opposite edge has braces in two bays, the 

second and fourth, symmetric about the middle. This difference in the braced bays of the two end 

frames along the x axis was a way to introduce an initial stiffness eccentricity. All buildings have a 

typical story height of 3.00 m and ground story height 4.00 m.

Using appropriate distributions of the floor loads, e.g. through non-symmetric live load 

distribution, non-symmetric balconies (common causes of mass eccentricity in typical Greek 

buildings, not shown in the given layout), non-symmetric joint masses were assigned at each floor 

and thus biaxial mass eccentricities were introduced in all floors. In this manner, in addition to the 

torsionally balanced layouts for each of the 1, 3 and 5-story buildings, eccentric variants were 

generated and designed with the following mass eccentricities: em = 0.10 L and em = 0.20 L, where L 

= building length along each direction. The models used for both design and analyses were 3-D 

models with masses lumped at the joints. 

All buildings were designed as spatial frames for gravity and earthquake loads using the dynamic, 

response spectrum method, according to Eurocodes EC3- steel structures- and EC8-earthquake 

resistant design. For simplicity, all frame joints were assumed rigid. Earthquake actions were 

described by the design spectrum specified by the Greek Code for ground acceleration 

PGA = 0.24 g and soil category II. This spectrum can be seen in Fig. 2, along with the mean spectra 

of the motions used for subsequent analyses.

The dimensioning of the frame members took into account the uneven distribution of member 

forces due to the mass eccentricities and hence stiffness eccentricities were also generated, as it 

happens in actual practice. We note here that the building designs were carried out following the 

Fig. 1 Layout of 1, 3 and 5-storey buildings and x, y elevations of the 3-storey buildings
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two codes, EC3 and EC8, strictly and care was taken to use the minimum member sections that 

would satisfy ALL code provisions, so that no member would be overdesigned. Overdesigned 

members would mask the results and one could not obtain reliable conclusions.

The lowest, fundamental, periods of the symmetric building in each set are: Ty = 0.345 s (1-story), 

Ty = 0.57 s (3-story) and Ty = 0.92 s (5-story). The complete set of the lowest three periods of all 

building variants in each set is listed in Table 1, along with the initial mass eccentricities εmx = εmy

(0.10 and 0.20) and the resulting physical eccentricities εx and εy. The latter are the mean distances 

(for all stories) between the mass center (CM) in each floor and the approximate stiffness center 

(CR) in the story, normalized by the length of the corresponding building side. 

It is noted that in multistory buildings, the so called stiffness or rigidity center (CR) cannot be 

really defined, except under very restrictive conditions. Thus, an approximate CR was computed 

herein for reference purposes, on a floor by floor basis as follows (Eqs. (1) and (2))
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Fig. 2 Design spectrum for Greece and mean response spectrum of 10 semi artificial motions

Table 1 Eccentricities and fundamental periods of the buildings

Story
number

Mass
eccentricity

Mean natural 
eccentricity

Fundamental periods of
buildings (sec)

εmx = εmy εx εy Ty Tx Tθ

1 0.00 0.00 0.00 0.340 0.290 0.195

0.10 0.085 0.10 0.350 0.290 0.190

0.20 0.15 0.18 0.355 0.295 0.180

3 0.00 0.00 0.00 0.570 0.495 0.330

0.10 0.090 0.10 0.570 0.490 0.320

0.20 0.140 0.185 0.570 0.495 0.310

5 0.00 0.00 0.00 0.920 0.800 0.540

0.10 0.07 0.10 0.950 0.810 0.540

0.20 0.14 0.185 0.900 0.820 0.510
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(2)

where: esx, esy are the x and y coordinates of the approximate center of rigidity CR, Kf-i designates 

the approximate story stiffness of frame i, x and y the directions of the frame axis, m and n the 

number of frames along the y and x axes, respectively, E = modulus of elasticity, Kc = Ic/h, Kb = Ib/l, 

Ic, Ib = section moment of inertia of columns and beams, respectively, h = story height and l = beam 

length, A = area of brace section, L = brace length and ϕ = angle of brace member and the 

horizontal plane. The second indices, a and b, in Kba και Kbb designate the upper (above) and lower 

(below) floor beams of the frame in the considered story. From Table 1 we can see that these 

physical eccentricities vary from 0.07 to 0.185. It is also noted that for all models, the first torsional 

period is lower than the two translational periods, so all buildings are torsionally stiff. 

Each of the examined buildings, modeled as a non linear 3-D frame, was subjected to ten sets of 

two component semi-artificial motion pairs of biaxial motions. These motions were generated from 

a group of five, two-component, real earthquake records, to closely match the code design spectrum 

(with a descending branch ∝1/T2/3), using a method based on trial and error and Fourier transform 

techniques (Karabalis et al. 1994). As Fig. 2 indicates, the mean response spectrum of the ten semi-

artificial motions is quite close to the target design spectrum, a fact that eliminates the differences 

between design and applied actions as a potential source of any observed undesirable response. 

Each synthetic motion pair, derived from the two horizontal components of each historical record, 

was applied twice by mutually changing the components along the x and y system axes. Thus, each 

design case was analyzed for ten sets of 2-component motions and mean values of peak response 

indices were computed. In this manner, the effects of individual motions are smoothed and the 

conclusions become less dependent on specific motion characteristics.

3. Non-linear dynamic analyses

The non linear analyses were carried out using the program RUAUMOKO (Carr 2005). Frame 

beams and columns were modeled with the well-known plastic hinge model, in which yielding at 
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Fig. 3 (a) Nonlinear moment-rotation relations for beam-columns, (b) Column M-N interaction diagram and 
(c) Nonlinear force deformation diagram for braces
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member ends is idealized with plastic hinges of finite length having bilinear moment-curvature 

relationship and strain hardening ratio equal to 0.05 (Fig. 3(a)). A moment-axial force interaction 

diagram was also employed for columns, giving the yield moment as a function of the applicable 

axial force on the column section (Fig. 3(b)). Bracing members, yielding in tension and buckling in 

compression, were modeled with a non-symmetric bilinear force-axial deformation relationship (Fig. 

3(c)) 

The basic measure used to assess the severity of inelastic response is the ductility factor of the 

various members. For bracing members the ductility factor is defined as

(3)

where up is the plastic part of the member elongation and uy the elongation at first yield. 

For beams and beam-columns the rotational ductility factor has traditionally been defined as

(4)

where θp is the maximum plastic hinge rotation at either end of a member (beam or column) and θy

is a normalizing “yield” rotation, typically set equal to θy =Myl/6EI. For columns, the yield moment 

My is usually taken to correspond to the yield moment under the action of gravity loads. In the 

present study, an alternative definition of the rotational ductility factor, based on the post yield 

plastic moment, has been used (Anagnostopoulos 1981)

(5)

where: ∆M = Mmax - My , My = yield bending moment and p = 0.05, the strain hardening ratio. 

In addition to the above measures, peak floor displacements and interstory drifts are used to assess 

the inelastic behaviour of the buildings.

4. Results

The response indices to be presented below for the various buildings are mean values of the peak 

response parameters over the ten pairs of applied motions. In the case of beam ductility factors, the 

response parameter averaged over the 10 pairs of motion is the maximum rotational ductility factor 

in any of the beams in the considered frame and floor. The results are presented for each group of 

buildings separately.

4.1 One-story frames

Results for the one story frames are summarized in Tables 2 and 3. Ductility factors are listed 

only for beams and brace members because the columns remained essentially elastic. Looking into 

Table 2 we see that as expected, displacements at the “flexible” edge of the two eccentric buildings 
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are, as expected, substantially greater than those at the stiff edge due to the induced earthquake 

rotations (it is for this reason that the edge with the largest displacements has been called “flexible 

edge” and the opposite edge with the lowest displacement the “stiff edge”). While this was 

expected, Table 3 indicates that also ductility demands are higher at the flexible edges (along both 

axes x and y), confirming similar findings for concrete buildings.

4.2 Three-story frames

Displacement results for the 3 story frames are shown in Figs. 4 and 5 for biaxial mass 

eccentricities εm = 0.10 and 0.20. The mean, approximate, floor physical eccentricities, as explained 

earlier, can be seen in Table 1. Results are as would have been expected: Larger total and interstory 

displacements at the “flexible” edges than the “stiff” edges in both the “x” and “y” directions as a 

result of torsion. The corresponding numbers for the torsionally balanced cases are also shown in 

the various graphs. Moreover, the differences between the two sides increase with the increase in 

eccentricity (compare Figs. 4 and 5)

Ductility demands in the braces and the beams of the same buildings are shown in Figs. 6 and 7, 

for εm = 0.10 and 0.20, respectively. It is observed that although the ductility factors in all cases are 

within acceptable levels, the demands for both member types, braces and beams, at the “flexible” 

edges of the buildings are substantially higher than those of the members at the “stiff” edges, thus 

making the former more vulnerable. The demands in the torsionally balanced cases are also shown 

in the various graphs and in almost all cases are somewhere in the middle between the two 

Table 2 Edge displacements for 1-story frames

DIRECTION Y DIRECTION X

ECCEN-
TRICITY

FLEX-EDGE (FR6Y) STIFF- EDGE
(FR1Y)

FLEX-EDGE (FR1X) STIFF- EDGE
(FR4X)

ε = 0.00 0.02657 0.02661 0.01454 0.01490

ε = 0.10 0.03573 0.02525 0.01908 0.01530

ε = 0.20 0.03622 0.01947 0.01976 0.01299

Table 3 Member ductility factors for 1-story frames

BRACES BEAMS

DIRECTION Y

ECCEN-
TRICITY

FLEX-EDGE (FR6Y) STIFF-EDGE
(FR1Y)

FLEX-EDGE (FR6Y) STIFF-EDGE
(FR1Y)

ε = 0.00 2.82 2.82 1.00 1.02

ε = 0.10 3.80 2.67 1.08 1.00

ε = 0.20 3.86 2.05 1.58 1.00

DIRECTION X

ECCEN-
TRICITY

FLEX-EDGE (FR1X) STIFF-EDGE
(FR4X)

FLEX-EDGE (FR1X) STIFF-EDGE
(FR4X)

ε = 0.00 1.50 1.56 1.00 1.03

ε = 0.10 1.99 1.60 1.06 1.02

ε = 0.20 2.07 1.35 1.25 1.00
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Fig. 4 Total displacements and interstory drifts of 3-story buildings with εm = 0.10 and comparison with 
torsionally balanced (TB) building

Fig. 5 Total displacements and interstory drifts of 3-story buildings with am εm = 0.20 and comparison with 
torsionally balanced (TB) building
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Fig. 6 Member ductility demands of 3-story buildings with am εm = 0.10 and comparison with torsionally 
balanced (TB) building

Fig. 7 Member ductility demands of 3-story buildings with am εm 

= 0.20 and comparison with torsionally 
balanced (TB) building
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extremes. Again, the differences between the two edges, “flexible” and “stiff”, increase with 

increasing eccentricity.

4.3 Five-story frames

The corresponding results, displacements and ductility factors, for the 5 story frame buildings are 

given in Figs. 8-11. We observe again the same general behavior as for the 3-story buildings.

Although ductility factors are within acceptable limits, the substantial differences between 

“flexible” and “stiff” edges indicate an undesirable, non uniform distribution of such demands that 

in case of overload, e.g. under a stronger than anticipated earthquake, may lead to premature 

failures of members at the “flexible” edges of the non-symmetric building. We also notice here that 

the differences between “stiff” and “flexible” edge appear greater along the Y direction, a fact that 

can be explained by the longer sides along the X axis and hence the larger effects of torsion at the Y

direction edges. It is rather obvious that a desirable design should aim at minimizing such 

differences. We note here that the results herein indicate quite clearly that the “critical” elements in 

non-symmetric buildings are elements at the “flexible” edge , not at the “stiff” edge, as it has been 

reported in the past and supported by analyses based on oversimplified, one story, 3-degree of 

freedom systems (Chandler and Duan 1991, Chopra and Goel 1991, Tso and Zhu 1992, Duan and 

Chandler 1993, Humar and Kumar 1999). This is in agreement with results reported in (Stathopoulos 

2001, Stathopoulos and Anagnostopoulos 2002, 2005).

Fig. 8 Total displacements and interstory drifts of 5-story buildings with εm = 0.10 and comparison with 
torsionally balanced (TB) building
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Fig. 9 Total displacements and interstory drifts of 5-story buildings with εm = 0.20 and comparison with 
torsionally balanced (TB) building

Fig. 10 Member ductility demands of 5-story buildings with εm = 0.10 and comparison with torsionally 
balanced (TB) building
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4.4 Frame stiffness and strengths in a typical eccentric building

In order to get a more clear picture of the stiffness and strength distribution in the load bearing 

elements, produced by applying the code for a typical design of an eccentric building, pushover 

analyses were carried out for the plane frames of the 3-story eccentric building having an initial 

mass eccentricity εm = 0.20. These curves are shown in Figs. 12 and 13 for the frames along the y

and x axes, respectively. We note that all member properties of this building are listed in the 

Appendix. We see that along the y axis, the frame at the “flexible” edge, Frame - 6Y, is stiffer and 

stronger than the frame at the “stiff” edge, Frame - 1Y. This is as expected because for the elastic 

design the “flexible” edge experiences not only higher earthquake displacements and hence loads, 

but also higher gravity loads due to the pre selected non-symmetric vertical load distribution that 

generated the desired initial mass eccentricity of εm = 0.20. Along the x axis, the opposite happens: 

here the “stiff” edge frame, Frame - 4X, is stiffer and stronger than the flexible edge frame, Frame - 

1X. This is due to the initial selection of two braced bays in the “stiff” edge and one in the 

“flexible” edge, in order to have also stiffness eccentricity from the start. We see here that the 

resisting frame strengths and stiffnesses are as one would have expected from a typical application 

of the code to the selected building layouts. Yet, the inelastic analyses results indicate that these do 

not lead to similar (more or less) ductility demands throughout the building layout. It is interesting 

to also see the overstrength of each of these frames, by looking at the values of the design base 

shears, marked on each curve and also listed at the bottom of each graph. We note here that these 

are envelope values that result by applying a total of 32 earthquake loading combinations arising 

Fig. 11 Member ductility demands of 5-story buildings with εm = 0.20 and comparison with torsionally 
balanced (TB) building
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from 8 loadings ±(Ex + 0.3Ey), ±(Ex − 0.3Ey), ±(0.3Ex + Ey), ±(0.3Ex − Ey) and four possible locations

of the mass center due to the accidental design eccentricity, as specified by the code. The 

differences between design shear from earthquake loading alone and overstrength of a code 

designed frame, is a reason for which results on inelastic torsion, based on simplified models with 

element strengths determined only from the earthquake loading, can lead to erroneous conclusions 

and thus should not be used to assess a code, as has often been done in the past (Anagnostopoulos 

et al. 2010) 

4.5 A case of overload

To complete this study, we have carried out analyses with increased levels of earthquake shaking, 

Fig. 12 Comparison of pushover curves. 3-story building, εm = 0.20, direction Y. Points on curves with values 
at bottom indicate the design base shears

Fig. 13 Comparison of pushover curves. 3-story building, εm = 0.20, direction X. Points on curves with 
values at bottom indicate the design base shears
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Fig. 14 Total displacements and interstory drifts of 5-story buildings with εm = 0.20 for 50% overload and 
comparison with torsionally balanced (TB) building

Fig. 15 Member ductility demands of 5-story buildings with εm = 0.20 for 50% overload and comparison with 
torsionally balanced (TB) building
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above the design level, in order to see the effects of overloading on members at the two edges, 

“stiff” and “flexible”. Fig. 14 shows total displacements and interstory drifts and Fig. 15 shows 

ductility demands for the 5-story eccentric building with em = 0.20 as well as for the corresponding 

torsionally balanced building, subjected to the same group of motions scaled up by 50%. All the 

response parameters indicate the overloading of the flexible edges as compared to the response of 

the torsionally balanced building and hence the increased risk of failure.

5. Conclusions

Prompted by earlier findings for reinforced concrete frame type buildings, the nonlinear behavior 

of code designed, non symmetric, braced steel buildings subjected to strong earthquake ground 

motions was investigated herein. To cover a wide range of building heights and periods, three sets 

of buildings were designed: with one, three and five stories. In each set, a torsionally balanced 

building was first designed and subsequently eccentric variants were generated and designed having 

initial biaxial mass eccentricities of 0.10 and 0.20. The final designs are mass and stiffness eccentric 

with biaxial physical eccentricities in the range of 0.07 - 0.185. The torsionally balanced building in 

each group is used for reference. Based on non linear inelastic dynamic analyses of detailed 

structural models of the plastic hinge type, for 10 sets of two component semi-artificial earthquake 

motions, it was found for all cases that:

1. The distribution of ductility demands in the non symmetric buildings is far from desirable: 

Elements at the “flexible” edges of the buildings exhibit much higher ductility demands than 

elements in the “stiff” edges.

2. This previous result provides a firm and, we dare say, conclusive answer to the widely debated 

issue in the past, i.e. whether the “stiff” or “flexible” edge elements in non symmetric buildings 

are the critical elements.

3. Although the ductility demands of all the buildings were within acceptable limits, the 

substantial differences in ductility demands between “stiff” and “flexible” edges indicate a need 

for code modification aiming at more uniform distribution of such demands. This would imply 

avoidance of under (or over) designs and thus a reduced risk of failure in cases of overloads, 

e.g. when an earthquake stronger than the design earthquake strikes the building. 
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Appendix

List of member sections of 3-story eccentric building with εm = 0.20

COLUMN SECTIONS

COLUMNS 1st story 2nd story 3rd story COLUMNS 1st story 2nd story 3rd story

C01 HEB 160 HEB 160 HEB 160 C13 HEB 260 HEB 240 HEB 220

C02 HEB 180w HEB 180w HEB 180w C14 HEB 220 HEB 200 HEB 200

C03 HEB 240w HEB 200w HEB 160w C15 HEB 220 HEB 200 HEB 200

C04 HEB 220w HEB 200w HEB 180w C16 HEB 240 HEB 220 HEB 220

C05 HEB 280w HEB 260w HEB 260w C17 HEB 240 HEB 220 HEB 200

C06 HEB 240 HEB 240 HEB 240 C18 HEB 320 HEB 300 HEB 260

C07 HEB 260 HEB 220 HEB 220 C19 HEB 200 HEB 180 HEB 180

C08 HEB 240 HEB 220 HEB 220 C20 HEB 220w HEB 200w HEB 200w

C09 HEB 240 HEB 220 HEB 220 C21 HEB 220w HEB 200w HEB 200w

C10 HEB 240 HEB 220 HEB 220 C22 HEB 220w HEB 200w HEB 200w

C11 HEB 300 HEB 300 HEB 280 C23 HEB 220w HEB 200w HEB 200w

C12 HEB 360 HEB 340 HEB 280 C24 HEB 240 HEB 240 HEB 220

w: denotes that the weak axis of the steel profile is parallel to the Y-axis
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BEAM SECTIONS

B01 IPE 160 B10 IPE 450 B19 IPE 140 B29 IPE 200

B02 IPE 140 B11 IPE 200 B20 IPE 140 B30 IPE 240

B03 IPE 140 B12 IPE 200 B21 IPE 160 B31 IPE 200

B04 IPE 160 B13 IPE 200 B22 IPE 140 B32 IPE 200

B05 IPE 220 B14 IPE 200 B23 IPE 140 B33 IPE 360

B06 IPE 220 B15 IPE 330 B24 IPE 240 B34 IPE 300

B07 IPE 220 B16 IPE 140 B25 IPE 200 B35 IPE 220

B08 IPE 200 B17 IPE 140 B26 IPE 200 B36 IPE 240

B09 IPE 220 B18 IPE 140 B27 IPE 240 B37 IPE 220

B28 IPE 200 B38 IPE 140

BRACES (Circular Cross Sections)

1st story 2nd story 3rd story

FR-1X 193.7×6 139.7×6 88.9×5

FR-4X 168.3×5 139.7×5 88.9×4

FR-1Y 168.3×5 139.7×5 88.9×4

FR-6Y 193.7×6 139.7×6 88.9×5
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