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Abstract: Advancements in seismic hazard mitigation and resilience have spurred the exploration and 

development of lateral-force resisting systems with enhanced performance goals. In this context, brace frames 

coupled with elastic spines offer a more uniform drift distribution with building height that reduces the 

concentration of damage in a few stories and therefore reduces the likelihood of a story mechanism. However, 

properly sizing the spine, along with selecting and placing the energy dissipators, remains challenging and 

lacks standardized procedures due to 1) the kinematic and force compatibility between the pivoting spine and 

the energy dissipators and 2) the near-elastic higher-modes demands that are present in this type of system; 

both closely governed by the selection of the spine strength and stiffness. This study investigates the nonlinear 

static response of 8-story Strongback Braced Frames (i.e., brace frames where the elastic spine is composed 

of a pivoting truss called strongback) using a first and second-mode force pattern. The archetypes have 

different variations in the implementation of the strongback; e.g., keeping the strongback in a separate bay 

from the main brace frame or embedding the strongback into the frame. In pushing the archetypes with a first-

mode force pattern, the strongback imposes more uniform drifts, without a significant increase in the system’s 
ultimate capacity. In pushing with a second-mode force pattern, the strongback delays the formation of a 

mechanism and increases the system’s ultimate capacity to values comparable to expected elastic demands 

under MCE intensities. The distribution of story shears between the main frame and the strongback is 

assessed, and the implications of higher-mode demands in sizing the brace and ties of the strongback are 

highlighted. It is expected that results from this paper may begin to inform future code-based provisions in 

adopting the use of near-elastic spines in enhanced performance systems. 

1 Introduction 

Braced frames were proposed several decades ago; e.g., Eccentrically Braced Frames (EBF) (Roeder and 

Popov, 1978), Concentrically Braced Frames (CBF) (Khatib et al., 1988), Buckling Restrained Braced Frames 

(Watanabe et al., 1988; Fujimoto et al., 1990). Although such systems satisfy modern performance 

requirements, such as Life Safety or Collapse Prevention metrics established in AISC 341 (2022), ASCE-7 

(2022), ASCE-41 (2017) or P-695 (2009), braced frame systems are known to concentrate damage in a few 

stories, increasing the probability of large peak drifts and potentially increasing the probability of structural 

instabilities. Many have suggested strategies to reduce such drift concentrations by imposing a more uniform 

drift distribution across the building height, where the overall peak drifts are reduced with some increases in 

drifts in other stories. For example, stiff pivoting elements, herein referred to as spines, can be introduced to 

re-distribute shear demands across stories by providing an elastic load path (Tremblay, 2003; MacRae et al., 

2004; Lai and Mahin, 2015). However, adding such spines to the frame tends to alter the distribution of story 

shears in the full system and increase the contributions of higher-mode effects to the system response (Wiebe 

and Christopoulos, 2015; Simpson, 2020). A practical understanding of the behavior in systems attached to 
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spines is essential so that particularities, such as higher-mode effects, are appropriately considered in 

developing practical methods for design. 

Pivoting spines have been studied by many authors under different names and variations. Some uses of pin-

based elastic components used to enforce a uniform drift profile include continuous columns (MacRae et al., 

2004; Ji et al., 2009; Flores et al., 2016), pinned-base shear walls (Qu et al., 2012), and braced frames used 

as elastic trusses (Tremblay and R, 2003; Takeuchi and Suzuki, 2003; Qu et al., 2014; Lai and Mahin, 2015). 

For example, in combining an elastic truss with a BRBF as shown in Figure 1(b)-(c), the elastic portion of the 

braced frame formed by braces and ties can be interpreted as a spine, sometimes referred to as a strongback 

(Lai and Mahin, 2015) and later the combined system as a Strongback Braced Frame (SBF). The effectiveness 

of pivoting spines in imposing more uniform drifts has been supported experimentally (Slovenec et al., 2017; 

Simpson and Mahin, 2018; Fahnestock et al., 2021). However, numerical and experimental results have also 

shown that the forces in the spines are not limited by a mechanism in all modes and can exhibit large force 

demands attributed to near-elastic higher-mode effects (Simpson, 2020; Astudillo et al., 2023). This higher-

mode characteristic is distinct from other systems like CBFs, EBFs, and BRBFs, where the force demands are 

often well-constrained by the formation of a mechanism in all modes. 

Although many have proposed design methods for proportioning the spine, design practitioners lack 

standardized procedures that could facilitate the adoption of spines. Challenges in adequately proportioning 

arise from: (i) determining the stiffness required on the spine to mitigate drift concentrations, (ii) distributing the 

story shear between the main frame and the spine in a practical manner, and (iii) addressing the demands 

imposed by near-elastic higher-mode force demands. For (i), similar approaches developed by several authors 

could be adapted to inform the required stiffness to mitigate drift concentrations, e.g., (MacRae et al., 2004). 

For (ii), a combined shear and flexural beam analogy could inform the story shear distribution (Khan and 

Sbarounis, 1964; Heidebrecht and Smith, 1973; Miranda, 1999; Palermo et al., 2018). However, solutions 

proposed for (i) and (ii) typically only consider a first-mode response, while observations consistent with (iii), 

illustrate the need to extend such formulations to account for near-elastic higher-mode demands (Wiebe and 

Christopoulos, 2015; Chen et al., 2017; Simpson and Rivera Torres, 2021). 

Additional considerations are needed for systems that are coupled with spines and therefore exhibit a near-

elastic higher-mode response. This study compares the behavior of three 8-story BRBFs with and without a 

strongback. The force redistribution is characterized between the main frame and the spine when first and 

higher-mode inertial force distributions are considered; herein, the focus is on a first- and second-mode force 

pattern. Results show that the inclusion of a strongback reduces peak drift demands and reduces the likelihood 

of concentrating damage in a few stories. However, the distribution of story shear depends on the loading 

profile. Although the strongback is not expected to be subjected to a large story shear nor provide additional 

system capacity in a first-mode response, the strongback is subjected to large story shear demands and large 

system strength capacity in the second mode. Finally, the side effects of increasing the capacity under higher-

mode force patterns are noted by inspecting the axial force and bending moment demands in each member. 

2 Modal pushover analysis 

The interactions of the strongback with the main frame (i.e., the Buckling Restrained Braced Frame, BRBF), 

considering different lateral force patterns, were studied for a reduced number of representative archetypes 

using the results from modal pushover analyses (Chopra and Goel, 2002; Chopra et al., 2004). Each archetype 

was analyzed under the application of an incremental lateral load pattern proportional to ýĀ: 

 
 ýĀ = ΓĀÿ�Ā (1) 

   

where ýĀ  represents the distribution of the inertial force given the mass distribution � , the Āā/  mode of 

vibration �Ā, and a scalar factor ΓĀ computed with Equations 2, 3, and 4 (Chopra, 2007): 

 

 
 ΓĀ = ÿĀ/ /ĀĀ (2) 
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 ÿĀ/  = ∑ ÿĀ�ĀĀþ
Ā=1  (3) 

 ĀĀ = ∑ ÿĀ�ĀĀ2þ
Ā=1  (4) 

 
The archetypes were pushed with a force pattern ýĀ until the system exhibited structural instability (e.g., a 

mechanism) or exceeded a reference target of interest derived from the linear elastic response of a single-

degree-of-freedom oscillator and a given design spectrum. Such targets encompassed the contributions of 

each mode  �Ā to the elastic roof drift ratio (�ÿ,ÿ) and the elastic base shear (ýĀ,ÿ) as given per �ÿ,ÿ,Ā and ýĀ,ÿ,Ā 

below: 

 �ÿ,ÿ,Ā= ΓĀ�ÿĀĀĀ/� (6) 

 

 ýĀ,ÿ,Ā= ÿĀ∗ �Ā (7) 

 
where ÿĀ∗ = ΓĀÿĀ/  is the effective modal mass,  �  is the building height, and ĀĀ and �Ā  are the spectral pseudo-

displacement and pseudo-acceleration at the Design Earthquake (DE) or Maximum Considered Earthquake 

(MCE) intensities (i.e., þÿ(ÿĀ) and 1.5þÿ(ÿĀ), respectively). Although the values for �ÿ,ÿ,Ā  and ýĀ,ÿ,Ā  do not 

consider nonlinear effects, they were considered useful in providing the reader with reference magnitudes of 

expected drifts and shear demands for a linear elastic system. 

Using modal pushover analysis, this study focused on the first two modes of vibration to investigate the pivoting 

motion of the strongback under first-mode lateral forces ý1 and the flexural behavior of the strongback under 

second-mode lateral forces ý2. Then, several criteria were compared between the archetypes, including 1) 

base shear capacity, 2) story drift concentration, 3) plastic deformation, 4) story shear distribution between the 

main frame and the strongback, and 5) axial force and bending moment demands. The plastic deformation 

occurring in key members, the braces, beams, and columns was compared to the reference values in ASCE 

41-17 (ASCE-41, 2017) and categorized according to acceptance criteria for Immediate Occupancy (IO), Life 

Safety (LS), Collapse Prevention (CP). 

3 Archetypes 

Three 8-story archetypes were selected for the study. One archetype does not have any strongback while the 

other two have different implementations of the strongback: Archetype A represents a typical Buckling 

Restrained Braced Frame (BRBF), Archetype B represents a BRBF attached to a pivoting strongback located 

in a separate bay, and Archetype C represents a BRBF with a strongback embedded into the main frame. The 

archetypes were designed using a common building plan and location. 

3.1 Building layout and design parameters 

The archetype building assumed a regular building plan with high gravity loads and a penthouse on the roof 

with seismic risk category II. The total seismic weight of the building was þÿĀĀ = 14,494 kip. Half of the weight, þ = 7247  kip was used to size a representative line of lateral-force resisting frames in a two-dimensional space. 

Typical bay width (� = 30�þ) and story heights (/Ā = 15 �þ) were assumed, with a taller first story of /1 = 18 �þ. 

The archetypes were sized for a design spectrum defined by þ�� = 1.40, þ�1 = 0.63. These spectral pseudo-

accelerations are consistent with (Simpson, 2020), which modified the values from the Seismic Design 

Category Āý�� in FEMA P695 (P-695, 2009) to account for scaling of the ground motions at the higher-mode 

periods. 

Seismic design parameters were consistent with the values listed for Buckling Restrained Braced Frames 

(BRBF) (ASCE-7, 2016); e.g., a response modification coefficient ý = 8 was assumed for the first-mode 

response with an estimated upper-limit period ÿĂÿÿ = 1.55ý. The Seismic Response Coefficient ÿĀ used to 

compute the design base shear ýĀ was dominated by the minimum threshold ÿĀ,ÿÿĀ.Table 1, summarize the 

dynamic properties and shear values for the BRBF and are later used as reference points to contrast with the 

modal pushover results. 



WCEE2024  Astudillo & Simpson 

 

 
 
 

4 

Table 1. Reference properties and estimated demands for the BRBF. 

Parameter ASCE-71 Modal response  

  Mode1 Mode2  

Dynamic Properties ÿĀ 1.55 1.90 0.65 s ÿĀ∗  1.00 0.74 0.19 - þÿĀĀ 7247 5358 1350 kip 

Elastic Response at DE þÿ(ÿĀ) 0.41 0.33 0.97 g ýĀ,ÿ,ÿ 29712 1776 1308 kip �ÿ,ÿ,ÿÿ  0.011 0.002 rad 

Nonlinear response at DE þÿ(ÿĀ)/ý 0.053 0.04 0.124 g ýĀ,ÿ,ÿ/ý 3713 222 1644 kip 
1Base shear, neglecting ÿĀ,ÿÿĀ. 
2ýĀ,ÿ,ÿ1, elastic value used for reference; it is not expected to be reached.  
3Archetype designs considered ÿĀ =  ÿĀ,ÿÿĀ = 0.061 g and  ýĀ = 444 kip.  
4 ý is not expected to be 8 in the higher-mode response of systems with spines 

 

3.2 Braced frame configurations 

Three brace configurations were studied; see the element layout and sizes in Figure 1Figure 1. Archetype A 

represents a typical Buckling Restrained Braced Frame (BRBF) with 2-story-X-bracing, while Archetypes B 

and C represent alternate BRBF configurations in which a strongback with W14 braces is included. Archetype 

B considers a strongback separate from the main BRBF and connected via idealized pin-ended collectors that 

do not constrain the pivoting motion of the strongback. Archetype C achieves embedding the strongback into 

the BRBF by considering the X-bracing with one side compound of BRBs and the other side compound of the 

W-braces of the strongback; in this configuration, the beam extends continuously across the floor providing 

flexural stiffness that constrains the pivoting motion of the strongback in some extend and splits the strongback 

tie from floor-to-floor. 

Archetype A was sized using Equivalent Lateral Force (ELF) and capacity-limited design, Archetype B used 

the same sections as Archetype A for the main frame while the strongback was sized using modal pushover 

analysis, and, Archetype C used the sections from (Simpson and Rivera Torres, 2021) which were selected 

with iterative nonlinear dynamic analysis. 

 

Figure 1. 8-story braced frame configurations with X-bracing layout: a) BRBF with no strongback, Archetype 

A; b) BRBF with separate strongback, Archetype B; c) BRBF with embedded strongback, Archetype C. 

BRBs size is given by the core area �Āā in ÿĀ2. 
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3.3 Numerical Models 

Two-dimensional numerical models were created in OpenSeesPy (McKenna et al., 2010; Zhu et al., 2018). A 

similar modeling approach was adopted for all the archetypes. Figure 2 shows the schematic for the numerical 

model of Archetype C as a reference; a detailed description can be found in the appendix of (Simpson, 2020). 

The flexural contribution of the continuous gravity framing was neglected. 

 

Figure 2 Schematic of the numerical model. a) global view and b) close-up view 

4 First-Mode response 

The response from nonlinear static analysis, using s1, is compared across the three archetypes. 

4.1 Pushover curve 

Figure 3(a) shows the roof drift ratio versus the base shear for the three archetypes under the force pattern s1; 

in the figure, story drift ratios are also plotted to visualize the concentration of drift in some stories. In pushing 

the models using s1, the archetypes had an ultimate base shear capacity consistent with the design base shear 

and system overstrength, despite the presence of the strongback in Archetype B and C. Archetype A shows a 

reduction of capacity due to a story mechanism in the lower stories, along with large P-Delta effects induced 

by the drift concentration. Figure 3(a) also contains markers denoting the reference point for the snapshots 

presented hereafter; a roof drift ratio of 0.02 rad was selected based on the expected drift ratios under the 

excitation at the DE intensity. 

 

Figure 3 First-mode pushover under ý1. a) Roof drift ratio versus base shear and b) story drift ratios at point 

of reference. 

4.2 Displaced shape and plastic deformations 

Figure 3(b) shows the story drift ratio profile at the roof drift ratio of reference. In the case of archetype A, the plot 

reflects drifts close to the point of structural instability (roof drift ratio 0.02 rad. with story drift ratios beyond 

0.05 rad.). Noticeably from Figure 3(b), the drift concentration on Archetype A led to a large story drift ratio in 
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the lower stories with small drifts in the upper stories. For the other archetypes, there is a more uniform drift 

distribution across stories due to the presence of the strongback. 

Figure 4 shows the archetypes9 displaced shape and plastic deformations at the point of reference. The 

structure elements are color-coded to reflect the relative amount of plastic deformation in relation to the 

acceptance criteria listed in ASCE 41-17 (ASCE-41, 2017) (i.e., IO, LS, CP, and beyond). Archetype A exhibited 

high plastic demands in the bottom braces (beyond CP) while the upper braces remained elastic. Although the 

BRBs were able to withstand large plastic strains, large strains are undesirable to mitigate low-cycle fatigue. 

Archetype B exhibited similar plastic demands across the BRBs of all stories implying a more efficient utilization 

of all of the BRBs; all BRBs fall in the LS category. The W-braces remained elastic. Observations for Archetype 

C are similar to Archetype B. 

 

Figure 4 First-mode plastic deformation for a) Archetype A, b) Archetype B, c) Archetype C 

4.3 Story shear distribution 

The story shear was distributed between the inelastic and elastic elements (i.e., columns, beams, braces, 

leaning columns). Figure 5 illustrates the total story shear and the amounts resisted by the BRBs and W-

braces at the point of reference; consistently, Figure 6 shows the distribution of the story shear to all the 

elements of the seismic-force resisting system with diagrams showing the magnitude of the force in the global 

x-direction resisted by each element. 

For Archetype A (Figure 5 (a)), the story shear was resisted by the BRBs in each story with small amounts of 

shear resisted by the columns. The difference between the total story shear and the shear going into the BRBs 

is attributed to the pronounced P-Delta effects resulting from the drift concentration. For Archetype B (Figure 

5(b)), the story shear was mostly resisted by the BRBs in each story, while the pivoting strongback only attracted 

minor shear demands compared to the BRBs. For Archetype C (Figure 5(c)), the story shear was resisted by 

both the BRBs of the main frame and the W-braces of the strongback. The kinematics of the strongback and 

main frame do not interact as much in Archetype B compared to Archetype C. 

 

Figure 5 First-mode story shear distribution. A) Archetype A, b) Archetype B, c) Archetype C. 
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Figure 6 Force-mode Force component in the global-x-direction, ��, for a) Archetype A, b) Archetype B, c) 

Archetype C. 

4.4 Axial force and bending moment diagrams 

The axial-force diagrams of the archetypes are illustrated in Figure 7Error! Reference source not found.. 

Archetype A shows the tension and compression of the column on the left and right of the frame, respectively, 

due to the forces delivered by the BRBs and the overturning moment in the building. Columns in the main frame 

of Archetype B behave in a similar manner, while the pivoting strongback receives loads from mostly gravity 

loading as the collector was assumed to be pin-ended and the W-brace did not take much load. Archetype C 

shows tension in the left column, and compression on the strongback tie and most-right column due to the 

overturning moment and vertical component of the braces. Also, note that any loading in the strongback tie 

needs to be transmitted to the ground through the first-story elastic brace. 

The bending moment diagram Is illustrated in Figure 8. Archetype A exhibits large moment demands due to 

the drift concentration in the lower stories while Archetypes B and C exhibit fewer moment demands in the 

columns with a better distribution of demands across multiple stories. The moment diagram in Archetype C 

highlights the intended uplift of the tie resisted by the continuous beam. 

 

Figure 7 First-mode axial force diagram for a) Archetype A, b) Archetype B, c) Archetype C. 

 

Figure 8 First-mode bending moment diagram for a) Archetype A, b) Archetype B, c) Archetype C. 

5 Second-Mode response 

The response from nonlinear static analysis, using s2, is compared across the three archetypes. 

5.1 Pushover curve 

The roof drift ratio versus story shear using the s2 force pattern is illustrated in Figure 9(a). Estimated 

contributions of the second-mode response to the total base shear, as noted in Table 1, are overlapped on the 

plots; for example, the second-mode base shear that coincides with an elastic base shear response for the DE 

and MCE (i.e., ýĀ,ÿ,ÿ2 and 1 5ýĀ,ÿ,ÿ2). Reference points for all snapshots are highlighted in the plot. 
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Archetype A exhibits the least base shear capacity among the archetypes under ý2; i.e., the demands that could 

arise in this system given a purely second-mode response are limited by a mechanism and well below the 

reference value for elastic response under DBE or MCE. Archetypes B and C, with the strongback, exhibit a 

less pronounced nonlinear response under this loading condition, with base shear capacities that exceeded the 

elastic shear demands expected from DE and MCE events; i.e., given a purely second-mode response, 

archetypes B and C are expected to have a near-elastic response characterized by some inelastic behavior 

but with a near-linear force-displacement relationship at the system level. 

 

Figure 9 Second-mode pushover considering ý2. a) Roof drift ratio vs base shear, and b) story drift ratios at 

the point of reference 

5.2 Displaced shape and plastic deformations 

Figure 9(b) shows the story drift ratio profile at the point of reference. All archetypes tend to have larger drifts 

in the bottom and upper stories due to the second-mode shape. However, Archetype A concentrates the largest 

drifts at the upper stories due to a mechanism. As the stiffer archetype, Archetype B tends to have the lowest 

peak drift ratios (below 0.01 rad), while Archetype C shows intermediate drifts at the bottom stories while 

maintaining a similar drift ratio to Archetype B in the upper stories. 

The displaced shape and plastic deformations in the three archetypes at the points of reference are presented 

in Figure 10. Archetype A exhibits high plastic deformations in the BRBs located in the upper and bottom 

stories, with values consistent with LS. Archetype B exhibits low plastic deformations in the BRBs located in 

the upper and bottom stories, with values corresponding to IO. Archetype C exhibits moderate and low plastic 

deformation in the BRBs located in the upper and bottom stories, respectively; the lower-story braces reached 

the LS acceptance criteria while others remained at IO. For Archetypes B and C, the elements of the 

strongback remained in the elastic range. 

 

Figure 10 Second-mode plastic deformation for a) Archetype A, b) Archetype B, c) Archetype C. 

5.3 Story shear distribution 

The story shear given the second-mode load pattern is presented in Figure 11; the plots show the total story 

shear and the contributions of the BRBs and W-braces at the point of reference. The force component in the 

global-x-direction resisted by each element is presented in Figure 12; the amount of force shown in the 

diagrams is related to how much of the story shear is resisted by a given element.  
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The BRBs in Archetype A take all the story shear that arrives at the upper and bottom stories due to ý2. For 

Archetype B, the story shear is shared between the BRBs and the W-braces. The participation of the strongback 

during a second-mode pushover is significantly different from a first-mode pushover, where the pivoting 

strongback previously did not take much load and the mechanism occurred after yielding the BRBs. In a 

second-mode pushover, after yielding of the BRBs, the strongback is still able to resist the imposed forces 

without forming a mechanism. After yielding of some of the BRBs in some stories, the excess shear is resisted 

by the W-braces. If the strongback is designed to remain elastic, the W-braces must be designed to resist these 

large higher-mode force demands. Note, although the BRBs resist some of the story shear, given the relatively 

smaller size of the upper story BRBs designed for only the s1 force pattern, the demands in the upper W-braces 

are close to the total elastic story shear ýĀ. Archetype C exhibits a similar response to Archetype B, where the 

strongback takes a significant amount of shear while the shear taken by the BRBs is limited by their adjusted 

capacity based on their strains. 

 

Figure 11 Second-mode story shear distribution. a) Archetype A, b) Archetype B, c) Archetype C. 

 

Figure 12 Second-mode force component in the global-x-direction, ��, for a) Archetype A, b) Archetype B, c) 

Archetype C. 

5.4 Axial force and bending moment diagrams 

The axial force diagram at the point of reference is presented in Figure 13. For Archetype A, the axial demands 

in the BRBF columns are limited by the capacity of the BRBs. For Archetype B, the BRBF columns are similarly 

limited as Archetype A. However, in Archetype B, the ties of the strongback carry a significant amount of axial 

demands, which are in accordance with the diagrams expected from the chords of a simply supported truss 

loaded in single bending. Given the direction of the push, the left tie is in tension, and the right tie is in 

compression. For Archetype C, even though it is embedded, the strongback experiences similar axial force 

demands to Archetype B. Since the strongback is designed to remain elastic and as there is no mechanism 

occurring up to the reference point in Archetypes B and C, the magnitude of the force demands correspond to 

the elastic ordinates of the design spectrum for a second-mode response. 

The bending moment diagram at the point of reference is presented in Figure 14. For Archetype A, the columns 

show a large bending moment due to drift concentrations in the upper and lower stories. For Archetype B, the 

ties of the strongback exhibit large moments because of its continuity. For Archetype C, the left tie of the 

strongback does not exhibit moments as the tie was split by the continuous beam and assumed to be pinned 

from floor to floor; the right tie, which was a continuous column, exhibits large moments that should be 

considered in designing the archetype under second-mode effects. For both Archetypes B and C, the 

strongback behaves like a simply supported truss or an equivalent beam in flexure under �2. 
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Figure 13 Second-mode axial force diagram for a) Archetype A, b) Archetype B, c) Archetype C. 

 

Figure 14 Second-mode bending moment diagram for a) Archetype A, b) Archetype B, c) Archetype C. 

6 Conclusions 

To understand the effects of including a strongback and the interactions between the system elements, three 

8-story archetypes were studied using modal pushover analysis. One archetype lacked a strongback, while 

the other two featured different strongback implementations. Archetype A represented a typical Buckling 

Restrained Braced Frame (BRBF), Archetype B featured a BRBF attached to a pivoting strongback located in 

a separate bay, and Archetype C represented a BRBF with an embedded strongback where one side of the 

braces consisted of BRBs and the other side of W-shape braces linked through a tie. The archetypes were 

modeled in OpenSeesPy and subjected to various load patterns, simulating first-mode and second-mode 

responses. Several criteria were compared, including base shear capacity, story drift concentration, plastic 

deformation in the elements, story shear distribution between the main frame and the strongback, and axial 

force and bending moment demands. 

Given a first-mode force pattern, the pivoting strongback is shown to reduce the drift concentrations through a 

more uniform drift profile. The system9s capacity in the first mode was consistent with the design base shear 

including overstrength. Under such loading conditions, the story shear in the pivoting strongback was minimal 

compared to the shear of the BRBs, with the shear in the strongback increasing when the pivoting is 

constrained. Given a second-mode force pattern, although the drifts were not expected to be uniform, the 

strongback avoided a concentration of drifts; however, contrary to the first loading condition, the system capacity 

exceeded the elastic demands calculated at the MCE intensity level at the second-mode period. Under the 

second loading condition, the strongback attracted a considerable amount of shear, exceeding the shear 

resisted by the BRBs and resulting in large axial force and bending moments demands to the strongback ties. 

These results are in agreement with the near-elastic higher-mode effects observed in systems with 

strongbacks and provide a practical understanding of such effects towards a more comprehensive design of 

these systems. 
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