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(57) Abstract: A rolling block restraint connector for forming a moment
resisting connection at a joint intersection between a continuous first struc-

Fig. 1

100

tural member and at least a first continuous second structural member that
intersects the continuous first structural member is shown. The connec-
tor includes a first restraint assembly including (i) a first block, (ii) a sec-
ond block, and (iii) a first shaft that passes through channels of the first
block and the second block, a second restraint assembly including (i) a
third block, (ii) a fourth block, and (iii) a second shaft that passes through
channels of the third block and the fourth block, a first linkage that cou-
ples the first restraint assembly with the second restraint assembly, and
a second linkage that couples the first restraint assembly with the second
restraint assembly, wherein the first shaft and the second shaft each pass
through the first linkage and the second linkage.
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ROLLING BLOCK RESTRAINT CONNECTOR HAVING
AN IMPROVED LINKAGE ASSEMBLY

PRIORITY

[0001] This application claims the benefit of and priority to U.S. Patent Application No.
16/593,823 filed on October 4, 2019, the entirety of said application being incorporated

herein by reference.
FIELD

[0002] The present invention relates to connectors used for making connections by external
restraint of members at joints where structural framing members cross and in particular,
a joint which resists relative rotation of the members at the connection, such connection
being a fixed end moment (FEM) connection which allows different structural
configurations to be made and has greater load capacity and with less deflection than

simply supported connections.
GENERAL BACKGROUND

[0003] Connections are formed and made to hold the structural framing members together
to build physical structures such as walls, floors, roofs, towers, bridges, toys, and
furniture. Various methods are utilized to form and make connections at the joints
where structural framing members cross. Rigid moment connection joints made by
processes such as welding, bolting or gluing are time consuming, complicated to make
and need to be specifically designed on a case by case basis for the specific materials,
size and sectional shapes to be joined. A connector that relies on external forces applied
to the outside surface of structural members provides a moment resisting rigid
connection independent of size, sectional shape and material joined. Such a connection
would be highly valued to the general public for use as an element for structural framing

and, in particular, for wood member connections.

[0004] A connector may be used to form a fixed end moment connection between two
crossing structural members. As used herein, a “block” includes a plurality of surfaces
with at least one surface conforming to a structural member surface (e.g. beam, column

or simply member), and one surface conforming to at least a partial arc angle of an
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opposed member herein referred to as a shaft. As there is no connection to the shaft it
is free to revolve a limited degree of rotation, and, thus such a block may be referred to
as a “rolling block restraint” (RBR). Two sets of rolling blocks are mounted on shafts
positioned diagonally across from each other at a joint of two crossing structural
members. The shafts are held fixed by linkages installed between them. This
configuration resists rotation of the members relative to each other in one direction to
form a fixed end moment connection and the connector used to provide this type of

connection is referred to as a rolling block restraint connector or RBR connector.

[0005] Various factors may be considered when selecting a connector for use in a structure.
These may include ease of assembly, field installation and equipment needed for
erection, number of parts, interchangeability of the parts or common parts, use with
standard size materials, compatibility and performance. The connector should be easy
to install and adjust for the field conditions encountered, have a range of geometry it
can be used for, form a tight connection that does not loosen, endure all the structure
loads, vibrations and movements that occur during erection and service. This disclosure

addresses these factors disclosing a connector superior to previous designs.

[0006] The current state of the art may be improved in several areas as discussed below.
First, an eccentric loading occurs using an RBR connector for a two-member joint
because the center axis of each joint is offset from each other. This misalignment creates
a twisting force due to the uneven shaft forces relative to each other, which tend to force
the members away from each other and misalign the shafts. For the linkage having a
single rod passing through holes in the shaft, the linkage cannot be clamped against the
members to provide transverse restraint to overcome this condition. Thus, the current

art does not allow effective lateral clamped joints to be made.

[0007] Second, a linkage using multiple threaded rods is difficult to properly adjust. This
difficulty together with the twisting problem makes installation unnecessarily complex,
increases likelihood of error, which results in a decrease in reliability making

embodiments of the current art unsuitable for use.

[0008] Third, embodiments of the current art often utilize a pin through the centroid of the
crossing members to fix the members in place and provide vertical support. This

configuration, weakens members, is difficult to erect, and may cause weakening if
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adjusted improperly. The invention disclosed herein overcomes the deficiencies of the

current art.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] One or more embodiments of the present disclosure are illustrated by way of
example and not limitation in the figures of the accompanying drawings, in which like

references indicate similar elements.

[0010] FIG. 1 illustrates a first example embodiment of a rolling block (RBR) connector,

in accordance with some embodiments;

[0011] FIG. 2 show the assembled parts of the same connector of FIG. 1 with the structural

members removed;
[0012] FIG. 3A-3D show a disassembly blow up of the parts shown in FIG. 2;

[0013] FIG. 4 shows force diagram for the loads on the members and how they are resolved

by the connector;
[0014] FIGS. SA-5E show different type of linkages that may be used for the connector;

[0015] FIG. 6 shows joint angle using fixed length links, restraint blocks, and members

without shim spacers installed,

[0016] FIG. 7 shows the same parts to form a 90-degree angle joint using a spacer installed

between the beam block and beam,;

[0017] FIG. 8 shows the same parts installed on both diagonals to form a double RBR
connection having a 90-degree angle joint with 45 degree linkages using spacers
installed between the beam block and beam and also between the column block and

column;

[0018] FIG. 9 shows the same parts to form a 90-degree angle joint using a spacer installed

between the column block and the column;

[0019] FIG. 10 shows the same parts to form a 110-degree angle joint using spacers
installed between the beam block and beam and also between the column block and

column;
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[0020] FIG. 11 shows a joint connection having a vertical column, a first beam positioned
at 90 degrees relative to the vertical column and a rafter beam positioned at 20 degrees

relative to the first beam;

[0021] FIGS. 12A-12B illustrate different type of blocks that may be used for the

connector;

[0022] FIG. 13 shows space structure composed of four columns, connectors and a panel

installed between them;

[0023] FIG. 14 illustrates a column block or beam block having an opening on a top portion

of the sleeve (i.e., shaft channel);

[0024] FIG. 15A shows two space structures composed of four columns, connectors and

beams stacked on top of each other;
[0025] FIG. 15B shows one corner connection of the FIG. 15A space structure;
[0026] FIGS. 16A-16B illustrate variations of column and beam blocks;

[0027] FIG. 17A shows a deflected shape of a single RBR connector four column space

structure caused by loads parallel to beams; and

[0028] FIG. 17B shows a deflected shape of a single RBR connector four column space

structure caused by loads parallel to shafts.
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DETAILED DESCRIPTION

[0029] Embodiments of the invention are directed to rolling block (RBR) connectors. Some
embodiments utilize fixed-length links with adjustable wedge shims and spacers to set
angle of member intersection. Additionally, some embodiments of the invention
include block shafts that are extended to span between adjacent connectors, which
maintains parallel orientation of the shafts and alignment of the members. The use of
extended block shafts also allow structures having moment resistant connections

perpendicular to the beams to be formed.

[0030] Referring now to FIG. 1, a side view of an assembled RBR connector 100 in
conjunction with column structural member 102 and beam structural member 104 is
shown. Collectively, the column structural member 102 and beam structural member
104 may be referred to as “the members 102 and 104.” Specifically, the RBR connector
100 includes the column blocks 114, 116, the beam blocks 110, 112, the upper shaft
106, and the lower shaft 108. The shafts 106 and 108 may be solid or hollow such as
pipe or tubing and with the shear and bending strength needed for the connection forces.
Although the shafts 106 and 108 are shown as having a tubular shape, the disclosure is
not intended to be so limited such that the shafts 106 and 108 make take any shape.
Shafts 106 and 108 are free to slide laterally when no loads are applied to the RBR

connector, such as during the erection process.

[0031] When under load, shafts 106 and 108 are restrained from lateral movement by the
clamping force of the block bearing against the shafts. Though not necessarily needed,
a shaft locking collar (not shown) may be installed adjacent to RBR connectors to
provide supplemental retention clamping. The two shafts are held at a fixed spacing by
linkage 118 on the beam side of the connection and linkage 120 on the column side
(view is obstructed). The upper screw fastener 122, and the lower screw fastener 124
run transversely through openings in the block bodies and linkages and are tightened
against the linkage clamping the members 102 and 104 and blocks together. Beam
insert or wedge spacer 126, column insert or wedge spacers 128 and 130 fit in between
members 102 and 104 and blocks. It should be noted that the inserts and spacers serve
the same purpose, e.g., provide an insert between either a column or beam and the
corresponding member (e.g., members 102, 104). The descriptive words top, bottom,

upper and lower are used with respect to the orientation shown on these figures.
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[0032] The linkages 118 and 120 may be fixed-length linkages (such as those shown in at
least FIGS. 1-3A and SA-5E) or variable-length linkages (not shown). For example, a
variable-length linkage may comprise two components, each having threads wherein a
first component mates with a second, hollow component via threads. The threaded
mating enables the first component to threadably enter the second, hollow component
thereby decreasing the length of the linkage and threadably exit thereby increasing the
length of the linkage.

[0033] Referring to FIG. 2, one embodiment of a RBR connector is shown. In contrast
to FIG. 1, FIG. 2 illustrates the RBR connector 100 without the insert or wedge
spacers 126, 128 and 130. Wedges and spacers may have a higher crushing strength
then the members 102 and 104 being connected and are fixed in position by nails,
screws, or other fastener methods dependent on the particular installation for which the

RBR connectors are used.

[0034] As referred to herein, the RBR connector 100 may include a first restraint assembly,
a second restraint assembly, a first linkage 118 and a second linkage 120. The first
restraint assembly may include (i) a first block (e.g., the beam block 110), (i1) a second
block (e.g., the column block 114), and (ii1) a first shaft (e.g, the shaft 106) that passes
through channels of the first block and the second block. The second restraint assembly
may include (i) a third block (e.g., the beam block 112), (i1) a fourth block (e.g., the
column block 116), and (ii1) a second shaft (e.g., the shaft 108) that passes through
channels of the third block and the fourth block. As shown, the first linkage couples the
first restraint assembly with the second restraint assembly, wherein the first shaft and
the second shaft each pass through the first linkage. Additionally, a second linkage
couples the first restraint assembly with the second restraint assembly, wherein the first
shaft and the second shaft each pass through the second linkage. In some embodiments,
the second restraint assembly is configured to be located diagonally across the joint

intersection from the first restraint assembly.

[0035] Referring to FIGS. 3A-3D, an expanded disassembly of the RBR connector 100 is
illustrated. The center longitudinal axis for the shafts 106 and 108 are shown by dotted
lines. As an example, for transverse clamping, bolts are used for transverse clamping
fasteners 122 and 124 and pass through holes in linkage 118 and then are screwed into

linkage 120 that has threaded holes. Clamping fastener system and methods vary
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according to the particular installation. In some embodiments, the first restraint
assembly includes a first transverse clamp module (e.g., clamping fastener 122)
configured to apply pressure to an external side of each of the first linkage and the
second linkage. And in some embodiments, the second restraint assembly includes a
second transverse clamp module (e.g., clamping fastener 124) configured to apply

pressure to an external side of each of the first linkage and the second linkage.

[0036] When RBR connector 100 is subjected to loading, the shaft 108 makes contact with
the sleeve of block 112 in one location only so that the sleeve may be made oversize to
fit a range of shafts for the block to have a wider range of capacities and thereby increase
its usefulness. Referring specifically to FIGS. 3B-3D, the shafts 308, 308, and 308;
take the place of the shaft 108 and are shown in increasing larger shaft sizes (e.g., 308,
308,, and 3083). The linkage eye plate 318 is similar to eye plate 118 with addition of
a threaded coupling for threaded link 320.

[0037] Referring to FIG. 4, embodiments illustrate external loads on the members 102
and 104 and the resisting internal forces developed within the connector to maintain the
geometry of a joint are shown. It should be understood that the RBR connector includes
the transverse side clamp screw fasteners 122 and 124, and linkages 118 and 120;
however, such are not shown in FIG. 4 for purposes of clarity in order to illustrate
various forces acting on the RBR connector 100. AO is a line parallel with the column
axis and OB is a line parallel with the beam axis that intersect at the point O located on
the linkage center. The angle formed by AO and OB is referred to as AOB or angle
theta (61).

[0038] Beam forces 404:-404, and column forces 4021-402; form a moment about the
point O that tend to make the angle 0: smaller with directions of closure shown by
arrows 424, and 424,. These forces cause the beam and column to move towards the
rolling blocks mounted on shafts that are held in place by linkages. Column movement
is resisted by block forces 414 and 416. Beam movement is resisted by block forces
410 and 412. The lower block restraining forces 412 and 416 press against the lower
shaft 108. The upper block restraining forces 410 and 414 press against the upper shaft
106.
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[0039] The ends of the upper shaft 106 are restrained by the linkage force indicated by 418.
The ends of the lower shaft are restrained by the linkage force indicated by 420. The
forces 418 and 420 are in equal but opposite in direction within the links themselves,
and; thus, restrain movement of the members 102 and 104. As a result, movement of

the members 102 and 104 is restrained to form a moment connection.

[0040] The offset distance between centerline axis of the beam and column in the
transverse direction is indicated by the dimension 422. The beam loads 410,412 and
column loads 414,416 pass through their respective centerline axis but because of this
offset, a twisting moment about the vertical column axis occurs. The transverse clamp
screw fasteners 122 and 124 resists lateral forces that develop in the connector to

prevent distortion when subjected to this twisting moment.

[0041] Transverse side clamp screw fasteners 122 and 124 pull linkage eye bar 118 and 120
together to clamp upper blocks, lower blocks and members between them. Referring
back to FIG. 3A, the centrally located, unobstructed path of transverse side clamp screw
fasteners 122, 124 is shown between the block sleeve 1200 and block pad 1204 structure
of FIG. 12. The geometry of the linkage, blocks and transverse side clamp screw
fastener is designed to provide clearance between the shaft and members. Threaded

fasteners may be used for transverse side clamp screw fastener 122 and 124.

[0042] Selection of the linkage alternative to use for a project is made considering factors
such as RBR connector size, strength design requirement, quantity, fabrication and
materials. Alternative linkages with provision for transverse clamping are shown in
FIGS. 5A-5E having holes for shafts 106, 108 and transverse side clamp screw
fastener 122 and 124. As a means to simplify installation and reduce the number of
required parts, linkage holes that receive transverse screw fasteners may be drilled and
tapped in lieu of using nuts. In some embodiments, the link may be formed from bar

stock or strands of material having the required strength.

[0043] Referring to FIG. 5A, the linkage 118, e.g. an eye-bar, is shown having hole 502
configured to receive shafts 106, 108, and hole 504 configured to receive transverse
screw fasteners 122, 124. In some embodiments, as shown herein, the center portion of
the linkage may be reduced in width relative to the exterior ends of the linkage 118

when weight reduction is needed. Referring to FIG. 5B, a simplified one-piece linkage,
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e.g., a flat bar, 508 is shown. The linkage 508 may have a consistent width throughout
its length.

[0044] An alternative linkage is shown in FIG. SC. The linkage 510 includes a solid
continuous formed link 511 is located between a pair of plates 512 located at each end.
The radius of the link is made to fit shafts 106, 108. The piece 514 may have the same
thickness and interior width of link 511 and may be attached to one of the plates 512.
The piece 514 may be threaded for fasteners 122 and 124. With the transverse screw
fasteners installed, the combined plate and insert assembly is held aligned with the link

and transmits lateral forces for transverse clamping.

[0045] As yet another alternative embodiment, a linkage 516 is illustrated in FIG. SD. The
linkage 516 may comprise right and left threaded half links 518 that are joined with
matching threaded coupling nuts 520 as shown. The combined linkage 516 may be
located between a pair of plates 522. The linkage 516 may also include the piece 514
as discussed in FIG. SC. The linkage 516 may be used to make an additional RBR
connection for existing installed shafting together with half block 608 as shown in FIG.

14 without having to disassemble existing structure for installation.

[0046] Further, the linkage 530 shown in FIG. SE provides yet another alternative
embodiment. The link 526 may be fabricated with ends 5281.2, coupling nuts or internal
threaded equivalent 5301.2 and bar 532 having threaded ends. Threaded bar 532 is cut
and threaded for the length needed.

[0047] Five different joints are illustrated in FIGS. 6-10, utilizing components of FIGS. 1-
3 show member intersection angles noted by angle 6:. Angles 6, and 63 indicates linkage
angles. Referring to FIG. 6, the joint 600 includes column member 102 and beam
member 104 without the use of block inserts or wedge spacers, thus resulting in the

angle 01 being acute (i.e., between 0 and 90 degrees).

[0048] In some embodiments, column or beam block insert spacers, or wedge spacers are
installed to adjust the connection to the angle 01, the linkage angle 6, and the linkage
angle 63. The required block inserts and wedge spacer thickness is determined
graphically, mathematically, or in the field and based on the desired angles (61, 02, and
03). A block insert spacer with parallel sides of a specific thickness used by itself will

make a set angle. The insert spacer installation can be designed to supplement the

-10-
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column or beam strength determined by its structural value as a function of width,
thickness, length and method of attachment. Tapered wedge spacers of variable
thickness allow a range of angle adjustment for angle 61. One benefit of the RBR
connectors disclosed herein, is that each will self-adjust to the angle of an insert spacer

or wedge spacer.

[0049] Linkage lengths determine the minimum angle 6; without spacers as shown in
FIG. 6. A longer linkage will make a smaller angle 6: and a shorter linkage will make
angle 01 larger. Members 102 and 104 resist movement for loads in the direction

indicated by arrows 602 and 604 for the single RBR connector 100 shown.

[0050] With respect to FIGS. 7-10, a plurality of joints are provided that illustrate how the
addition of an insert is used to adjust the angle 6, given a set linkage length. Referring
to FIG. 7, insert spacer 126 is inserted between the beam block 112 and the beam
member 104 to adjust the angle 6: (e.g., to be 90 degrees) of the joint 700. Referring to
FIG. 8, the thickness of insert spacers 126, 128 and 130 are made for 61 to be 90 degrees
and 0 and 63 each to be 45 degrees for joint 800. Double RBR connectors as shown in
FIG. 8 are installed to provide fixed end moment (FEM) restraint in both directions of

rotation.

[0051] Referring to FIG. 9, insert spacer 128 is inserted between the column block 116 and
the column member 102 to adjust the angle 6; (e.g., to be 90 degrees) of the joint 900.
Referring to FIG. 10, insert spacer 126 is inserted between the beam block 112 and the
beam member 104 and insert spacer 128 is inserted between the column block 116 and
the column member 102 to adjust the angle 61 (e.g., to be obtuse, e.g., greater than 90
degrees) of the joint 1000.

[0052] A RBR connector with a fixed distance between shafts may be used to join a number
of members side by side at various different angles. The right-angle condition in FIG.
9 combined with the obtuse angle shown in FIG. 10 to form a three-member connection
is useful to form a sloped rafter and beam connected to a column as RBR connector
1100 is shown in FIG. 11. Clamp 1104 clamps the beam 1102 together with insert
spacer 126. An extra linkage 510 may be added onto the shafts on the outside of beam
1102 to supplement the strength provided by linkages 118 and 120. Column cap block
1120 is fabricated with leg 1202 bent and extended over the top of column 102 as a

-11-
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unique method for transferring vertical loads to column 102. Beam top block 1106
connects to beam 104 using fastener 1216. Additional linkages such as 118 may be

added to the shafts between members as needed for strength.

[0053] Various block modifications are utilized to connect specific blocks to members for
the purpose of transferring structural member loads and fixing the RBR connectors in
place. FIG. 12A shows block 110 having two inclined plates 1202, and 1202, referred
to as legs, sleeve 1200 which shaft passes through, bottom plate 1204 referred to as a
“pad.” The block is open between the sleeve legs and pad 1205 through which the
transverse clamping screw 122, 124 pass. The pad area is made sufficient for the
bearing pressure not to crush the member. Optional plates 1206 and fasteners 1208;-
1208, provide a clamp to restrain block 110 at the contact point 1210 between pad 1204
and plate 1206, by direct contact or attaching 1206, and 1204 together.

[0054] Block 1106 in FIG. 12B is block 110 modified to have a threaded fastener
insert 1212, and a leg having thru-hole 1214. It is used together with a bolt or threaded
rod fastener 1216 and washer 1218 to both clamp this block and transfer forces to a
member. The threaded insert may be substituted by drill and tapping the pad or using a
nut for attaching fastener 1216.

[0055] A space frame as shown in FIG. 13 is made with RBR connectors to form FEM
connections between panel 1302 acting as a beam and four columns 102;.4. These
connectors make it possible to use the strength of the floor panels to resist both vertical
and lateral forces. The panel is restrained between blocks 1312120 mounted on shafts
10612 and 1081.;. Insert spacer 126 is made the same width as the panel and sized to
carry the vertical panel loads. Rods with end threads 1304:., extend between columns
and are tensioned by nut 1306 with washer 1308 bearing against columns having holes.
Tensioning these rods forces the columns towards each other and produces opposite
direction moments on the opposing column to make the panel bow upwards and form
what is called a crown. The structure in this condition is rigid, without slack in any
members, and springs back when loads are applied and released. This relatively light
structure quickly transfers forces throughout its members to collectively resist lateral
loads. The structure is set on castors 131014 to illustrate that it is a free-standing

structure not needing any lateral support or foundation connection for stability.

-12-
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[0056] FIG. 14 shows block 1312 with the top half of the shaft sleeve 1404 removed to
allow it to be installed on existing shafts together with a linkage, e.g., the linkage 516.
It is made with a force fit for it to be retained on a shaft with connectors in the unloaded
condition. In the loaded condition, the block held in position by the force of the shaft
pressing it against the member. Holes 1402,-1402, are for attaching this block to

Spacers or members.

[0057] Structural frame modules 1500, and 1500, are stacked on top of each other as shown
FIGS. 15A-15B to illustrate a second FEM space frame according to some
embodiments. Connectors 15021. consist of parts of RBR connector 100 supplemented
with column cap block 1120, beam top block 1106, bottom column block 1506, straps
16041-1604; and column transition coupling 1504 as seen in FIGS. 12B, and 16A-16B.
These connectors are first installed on their respective shafts 106 and 108 in the required
sequence and orientation. The shafts with connector assemblies are supported off the
ground. Members 102 and 104 are attached while transverse fasteners 122 and 124 are
installed. In some embodiments, each shaft assembly is then lifted and the insert and
wedge spacers installed and adjusted as needed to establish the wedge position used

throughout the structure for connectors 1502;.3.

[0058] The beams and columns are temporarily tied with lines or ropes to keep them from
spreading apart. Erection is continued step by step in a planned sequence (although
variation in order may occur in other embodiments): tie rods 1304, and 1304, with nuts
and washers are installed; temporary lines are removed; the space frame geometry is
checked and adjusted; spacers are fastened to members and blocks; transverse clamp
fasteners 122 and 124 are tightened; the modules are stacked with 1500, on top of
1500,; and fastened together using straps 1604.

[0059] FIG. 16A shows a column transition top block 1600 consisting of column cap
block 1120, socket 1504 fit over and attached to 1120, tie straps 1604 inserted in gap
between socket 1504 and column cap block 1120. This block is used at the top of a
space frame for receiving the columns of a space frame stacked on top of it. The side
straps 1604, fit through a gap between 1504 and 1120, are attached to the upper and
lower space frame columns using fasteners 16061 and 1606;. Tie straps 1604 provide

for vertical holding, socket 1504 provides lateral position holding.

-13-
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[0060] Multiple use of the same part, FIG. 16B shows double block 110 set side by side
with spacer in between for the width of to be equal to the member. Separate blocks may
be set side by side to form an equivalent width block. A spacer may be used between

blocks provided the bearing pressure is less than that which would crush the member.

[0061] Lateral loads from forces of nature may occur in any direction. As a means to
illustrate how the structure reacts to such forces, deflection caused by lateral loads
parallel to members is shown in FIG. 17A. Lateral loads 17001 and 1700, are applied
to the structure at the position of connector 15021 and 15024 in the direction parallel to
beams 1021 and 102;. These lateral loads will transfer to the ground via columns 104,
and 1043 because of the moment connections 1502, and 15023 joining them to beams
102; and 102,. The base reactions of columns 104, and 1045 are indicated by 1702, and
17023 Connections 15021 and 15024 do not pick up any of the lateral load because they
do not work for loads in this direction and will act as if they are pinned connections so
the base lateral reactions of columns 1041 and 1044 indicated by 1702; and 17024 will
be negligible. The fixed end conditions at 1502 and 15023 are indicated by squares
1704 and 1704,. The pinned connection reactions occurring at 15021 and 15024 are
shown in FIG. 17A by the increase in angle at the connection. The beam deflection for

1021.; 1s shown and is equivalent to cantilever beam with a load on the end.

[0062] To illustrate lateral loads occurring perpendicular to the beams, FIG. 17B illustrate
deflection of the structure with lateral loads parallel to shafts. Lateral loads 1706; and
1706, are applied at the position of connector 1502, and 15025 in the direction parallel
to shafts 1061, 1062, 1081, and 108,. RBR connectors 15021.4 work as FEM connectors
resisting the loads indicated by base reactions 17081.4 at the base of columns 104;.4.
The connection of the shafts at the RBR connectors work as FEM connections in both
directions. This will produce a deflected shaft “S” shape and all base reactions will be

equal.

[0063] Although the subject matter has been described in language specific to structural
features or acts, it is to be understood that the subject matter defined in the appended
claims is not necessarily limited to the specific features or acts described above. Rather,
the specific features and acts described above are disclosed as examples of
implementing the claims, and other equivalent features and acts are intended to be

within the scope of the claims.
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CLAIMS
What is claimed is:

I. A rolling block restraint connector for forming a moment resisting
connection at a joint intersection between a continuous first structural member and at least
a first continuous second structural member located adjacent to the continuous first

structural member, the connector comprising;

a first restraint assembly including (i) a first block, (ii) a second block, and (ii1) a

first shaft that passes through channels of the first block and the second block;

a second restraint assembly including (i) a third block, (ii) a fourth block, and (ii1)
a second shaft that passes through channels of the third block and the fourth block;

a first linkage that couples the first restraint assembly with the second restraint

assembly; and

a second linkage that couples the first restraint assembly with the second restraint
assembly, wherein the first shaft and the second shaft each pass through the first linkage

and the second linkage.

2. The connector of claim 1, wherein the first structural member is a beam and
the second structural member is a column, and wherein the first block and the third block
each cause pressure to be applied to the beam, and the second block and the fourth block

each cause pressure to be applied to the column.

3. The connector of claim 1, wherein the second restraint assembly is
configured to be located diagonally across the joint intersection from the first restraint

assembly.

4. The connector of claim 1, wherein the first restraint assembly further
includes a first clamp module configured to apply pressure to an external side of each of

the first linkage and the second linkage.

5. The connector of claim 4, wherein the first clamp module passes through a

cavity of each of the first block and the second block.
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6. The connector of claim 5, wherein at least a portion of the cavity of the first
block is located between a channel of the first block and the first continuous beam, and
wherein at least a portion of the cavity of the second block is located between a channel of

the second block and the continuous second structural member.

7. The connector of claim 4, wherein the second restraint assembly further
includes a second clamp module configured to apply pressure to an external side of each of

the first linkage and the second linkage.

8. The connector of claim 1, wherein the first column block is configured to

contact an exterior of the continuous column.

9. The connector of claim 8, wherein the fourth block is configured to contact

the exterior of the continuous column opposite the second block.

10. The connector of claim 1, wherein the first restraint assembly includes a first
insert configured for placement in between the continuous first structural member and the

first beam block.

11. The connector of claim 1, wherein the first restraint assembly includes a
second insert configured for placement in between the continuous second structural

member and the second block.

12. The connector of claim 1, wherein the first linkage comprises one of a fixed-

length linkage or a variable-length linkage.

13. A method for installing a rolling block restraint connector for forming a
moment resisting connection at a joint intersection between a continuous first structural
member and at least a first continuous second structural member located adjacent to the

continuous first structural member, the connector comprising:

placing a first restraint assembly at the joint intersection, wherein the first restraint
assembly includes (i) a first block, (ii) a second block, and (iii) a first shaft that passes
through channels of the first block and the second block;
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placing a second restraint assembly at the joint intersection, wherein the second
restraint assembly includes (1) a third block, (i1) a fourth block, and (iii) a second shaft that
passes through channels of the third block and the fourth block; and

coupling the first restraint assembly with the second restraint assembly via a first
linkage and a second linkage, wherein the first shaft and the second shaft each pass through

the first linkage and the second linkage.

14. The method of claim 13, wherein the first structural member is a beam and
the second structural member is a column, and wherein the first block and the third block
each cause pressure to be applied to the beam, and the second block and the fourth block

each cause pressure to be applied to the column.

15. The method of claim 13, wherein the second restraint assembly is
configured to be located diagonally across the joint intersection from the first restraint

assembly.

16. The method of claim 13, wherein the first restraint assembly further includes
a first clamp module configured to apply pressure to an external side of each of the first

linkage and the second linkage.

17. The method of claim 16, wherein the first clamp module passes through a

cavity of each of the first block and the second block.

18. The method of claim 17, wherein at least a portion of the cavity of the first
block is located between a channel of the first block and the continuous first structural
member, and wherein at least a portion of the cavity of the second block is located between

a channel of the second block and the continuous second structural member.

19. The method of claim 16, wherein the second restraint assembly further
includes a second clamp module configured to apply pressure to an external side of each of

the first linkage and the second linkage.

20. The method of claim 16, wherein the first linkage comprises one of a fixed-

length linkage or a variable-length linkage.
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