2131849 STRUCTURAL FRAMEWORK This invention relates to a. girder framework .
for civil engineering and building structures. A high-strength bolt tensilg:.. .-
junctivon uSing a T-shaped bracket for form ng a colum and beamof a 5 y
franed-.constructi on has been appreciated hitherto'in respect of |abour
saV|ng,for frame shop worki-ng and bet+et efficiency for 5|§? gﬁiﬁﬁaﬁﬁn“
However, in such a frane the nunber of tenS|on bolts is |i 1 e size
of the glrder and brackets and t# WeFBAEWORKaused by the bolt-hol es.
An object of this invention is to make the nost of the advantages of the

hi gh-strength bol't tensil eThigcinedntidieredated idG HHHIe S i eosid
strength, and also to"increase the degrees of freedomin 15 planni ng of
bui | di ngs, thereby |nﬁonvcxmplwnﬁg&néer$ng'Enﬁlbu&ﬁﬁmngﬁstiu%ﬁhr@%t in claim
1 of the clains of this specification. Exanples of the invention will now
be described with referenck high+etrangiipamithd arsdienganciti othuging?@

Fig. 1is a perspectiye viewof a franework given in one enbodi nent of this
i nvention; Fig. 2, FifrSBeRed irepketarkom fomwne isewolamnongid beenabf a
secti onal VieM/gnd av%ﬁ gerse sectional view, respectively, of the

enbodi ment 25 FrEsrugtipn pigsy b&%’er@é’é‘@ﬁ’-\?@e@ agwtherto in

representing a. B respect of labour saving for frams shop working and

=

better efficiency for site execution; - However, in
- | such a frame the number of tension bolts is.limited
- by the size of the girder and brackets and the
10 . weakness caused by the bolt-holes.

‘An object of this invention is to make the most
of the advantages of.the high-strength bolt tensile
-Junctlon, thereby solving problems of yield strength
and also to 1ncrease the degrees of freedom in .

lE-.--plann;ng of buildings, thereby improving workability.

The invention is set out in claim 1 of the

. claims of this specification. :
- Examples of the invention will now be described
U "_ ' : with reference to the accampanying-drewings, in which:
| 20 - Fig. 1 is.a perspective view of a framework
- S | | \given in one_embodiment'of this invention;

Fig. 2, Fig. 3 and Fig.4 are a front view, a
longitudinal sectional view and a transverse
eeetional view, respectivelj; of the -embodiment

25 given in Fig. 1; |

Fig. 5 is a perspective view representing =a
variant;



ronal view, a transverse sectional view, a |longitudinal sectional view

a perspective view, respectively, representing another enbodi nent of
..the invention; Fig. 10, Fig. 11, Fig.12 and Fig. 13 are a schematic —~
- transverse sectional view when app@;ed to a multi-storey dwelling housg,,a
" longitudinal sectional view of beam and floor, a |ongitudinal 10
sectional view of Fagunsd, aﬁdgbeaq1Emg.aStandsFmgse9seDE|anal V|em1thereof,
Fig. 14 is a vertical sectional view of a different enbodinent; Fig. 15 is
a cross-secti doagitiudingl sketisnalewbewinentrshswarse SegthualFlg 16 is
a vertical sectional viewtaken at the_ position of the outer colum; Fig.
17 is a verti YaPwaedt Aensrxtwlma%nsmalaggénmew apgdt @8 BPTERRCFIWRE: 20

. Fi 18 and Fi 19 are transyerse sectional vie representing, a vari ant
“of “bui I t-up cOREMn ZEEPEGHIVELYs 3 spaﬁaeatgnszan“%ergﬁweamﬁiv sect i onal

5~ of the invention;

v§§iant; -2 - Fig. 6, Fig. 7, Fig. 8 and Fig. 9 are a | ongitudinal

Flg. 10, Fig. .11, Fig.12 and Flg. 15 are a .
schematlc transverse sectional view when applied to
- a multi-storey dwelling house, a longitudinal
_'.séctional view of beam and floor, a longitudinal
10 sectional view of column and beam and a transverse
sectional View thereof;
. Fig. 14 is a vertical sectional view of a
different embodiment; '
Fig. 15-is a cross—-sectional view of the
15 embodiment shown in-Fig; 145 -
Fig. 16 is a-vertical'sectionéi’view taken at
the position of the outer column; e ] _. -
Fig. 17 is a vertical sectional view in the
assembled state of the frame; |
20 - Fig. 18 and Fig. 19 are transverse sectional. . .- </
~ views representing a variant of built-up column |
section; - | _ o
‘Fig. 20 and Fig; 21 are ibngitudinal sectional -
views of built-up beam section;
25 Fig. 22 to Fig.26 afe ffont'views'representing
variants éf the junction of built-up column and

built-uo beam; and

Fig. 27 to Fig.39 are longitudiﬁal sectional '



vi ews of built-up beam secti on; 25 ﬁig._22 to Fi'g.26 -are front -
views representing variants of the junction of built-up colum and bui m }
a

beam’ and Fig.27 to Fig. 30 are |ongitudinal sectional -3- views of \De
and stab variants. Figure 1 illustrates part of a franmework including
buil t4up colum | and a beam 2 connectgdztQ each other by connecting
brackets 5. The built-up colum 1 is an 5 |- or Hsteel sectional

gi rder consistingvgéréygggggaﬁngﬂg %E D %?;¥%%€8Iunn may be a latticed

colum as shown in girders are parallel to each

other, with a gap-pr0VF§gﬂrééﬁ“Efﬂuéﬁfaféé“ﬁ&ft &0z { Parhd AEXE SLIR IR G| €d
with a joint nmenber 3 of 10 flat steel. ."The joint nmenber 3 then works

as a reinforcemeny bailthepcebliinftonge atbéhe SaPBnhédEed |tb tdidh other
enbodi nent, in one direction, the beam2 is constructed as a built-up beam

2. The bui |t -upybeemmbetingresckets Hbsect Tha vusposgs ¢olvar a lid =ai
the 15 = sane spacing as the built-up colum | and the flanges are coupl ed
by a joi nt nebber I4. oEcE~-gbéel ngechiohal | gingerotomsidtingl dheflangdds wmd
beam 2, split tee brackets with high-strength bolts are used. Vari ous
exanpl es of joint8 Web.gi vEhejgolumn may be a latticed column as shown
L | iﬁ Fig, 5. The webs'of the girdérs are parallel to-
i eédh.ofher,:with a_ga§ provided between thé flanges,
and thé flanges are coupled ﬁith a joint member 3 of
10 flat.éféél. The joint member 3 then works as a.'-.
reiﬁforcement for the column flange at the same time.'
In fhis émbodiﬁént,_in one direction; fhe'beam 2 is
consfruéted as.a built-up-beém 2. © The built-up beam
has,girders of H-section disposed in parallel at the
15 same épacing as_the builtfup_column_1_and"the flanges
: aréncdupled by a-jbiht member 4.
" For joining the buiit-up column 1 and the built-up
beém 2, split tee brackets with highfstrengﬁh bolts |
| | afe ﬁsed; Varibué_examples of joints are given in
NI 20 Fig."Zé td.Figgzs . In the base'of Fig. 22, bolt holes
| are ﬁerfprated beforehand in the stem of a T—shaped
'brackef"s and the flange of the built-up column 1, and
D the bracket 5 is fixed on the built-up column l.by
| | meaﬁs“df high~ strength bolté-fhrough the holes. The
25 cross;piege of the bracket 5 is welded directly on the
flange of the built-up besm 2.  As shown in Fig. 23,
- the éfeﬁ of the bracket dan be placed upbn the flange



l\ Fig. 22 to Fig.26 . = In the case of Fig. -22, bolt holes are
-orat ed beforehand in the stemof a T- shaped bracket 5 and the flange of

" “he built-up colum 1, and the bracket 5 is fixed on the built-up colum 1

--.by nmeans of high- strength bolts through the hol es. The 25 Cross- pi.ece
of the bracket 5 is welded directly on the flange of the built-up beamZ;
As shown in Fig. 23, the stemof the. hfacket can be placed upon the flange
of the built-up beam 2 and then joined with high- strength bolts. A

reinforci ngf ride bwbthep seut B b tH bjclai eélystrated in Fig 24
to Fig 26. 5 : Fig 27 to Fig 30 |Ilustrate a case wherein a -

r ei nf or cecstmengtdt daltd. 8 4 s ﬁ@.ﬁifdfbﬁiglf 13 7 hearpUid t-up beam 2. A deck
plate 9 or a thin pre-cast concrete panel 10 is used to support an
open- si deprdaiderdron orhe Yradicstr 3amerdlrstidatean fie fixed on 10 the

-flange of P4 ﬂg%! m2. Piping 12 or wiring can be arranged in a
space of tééyinnlé 2%%12 As shown in Fig 1 a horizontal stiffener 14

is welded:to the Ftsectlon girder web for joining a 15 beam 13 transversely
-of the buiIt-up colum 1, which' is joined with high-strength bolts by
~nmeans of joint plates 15. Alternatively, the horizontal stiffener

5 Fig 27 to Flg 30 1llustrate a case whereln a
reinforced concrete slab 8 is cast in 51tu on the
bullt-up beam 2. A deck plate 9 or a thln pre-cast
concrete panel 10 is used to support an open—s1ded | - g').
slab portlon. A shear connector 11 can be flxed on - |

10 the flange of the built-up beam 2. Piping 12 or -
wiring can be arranged in a space of'the built;up
beanm 2. | | S

As shown 1n Flg 1a horlzontal stlffener 14 |
is welded to the H-sectlon glrder web for 301n1ng a.

15 bbeam 13 transversely of the built-up column 1, whlch
is 301ned with hlgh-strength bolts by means of Jjoint
plates 15. Alternatlvely, the horlzontal'stlffener _ ';u)
14 can be welded directly to a flange of the bean 13. |

When the bullt—up column and the bullt-up beam

20 ‘are assembled with the T-shaped brackets, it is
necessary that the hlgh-strength bolts be 1nserted
from inside the column flange. A suitable.size of
gap will have to be made between columns of the
bullt-up column. However, when the frame is subjected

25 to a horizontal force with the gap ex1st1ng as

above, there is a greater chance of



14 can be. welded directly to a flange of the beam 13. Wen the built-up PR
colum and, the built-up beam 20 -are assenbled with the T-shaped brack o
it is’'necessary that the high-strength bolts be inserted frominside t6§2:>
colum_flange. A suitable size of gap will have to.be nade between co S

of thg puilt-up colum. However, when-tBe-frame is subjected 25 to a.

hori zontal force wwth the gap existing as above, there is a greater chance

of -5- deformation, i ch .l ro tical > odi ments of Fig. 6 to
Fig. 9_are'designed'todggﬁggvgig Fig#ggﬁyi%fp¥ﬂ%¥§#§%%§%nb, t her eby

m nim zing deformation in t S : s buid ts col um |
and the built-up beam 2 bot ?ﬁﬁaégshdﬁggg% ‘?r% s ?o?%et%'%)bgéet er at

suitable intervals, andetsmgn_laai thb- URpBOYENA +igiditPeoPUiRd -dr-Reame, are
j oi ned together through bolting and wel ding by the T-shaped brackets 5. 10

The T-shaped bracket 5therkbynatninisiegsbdétdruatioh um thev dtedml tramd,
and the built-up beam 2 is butt-wel ded on the T-shaped bracket 5. Then, a
beari ng renber 1% T-shaped Fhesbuilbrupscobumbet amd ttize i msilde-uy bHdem 2
flange of the built-up colum 15 1, an iron base plate 18 and an
iron ‘side plate ~ both have H-shaped members formed together at
isﬁitéblezintervalsg~and the built-up column 1 and
‘ the built-up beam 2 are Jjoined together through
{ : boiting and welding by the T-shaped brackets 5.

10 - ‘The T-shaped bracket_s'is joinéd to.thé built-up_

" column 1 with bolts 16, and the built-up beam 2 is
butt-welded on the T-shaped bracket's. Then, a
bearing member 17_T-shaped in section is mounted
on the inside of the flange of the built-up column

15 - ]g1,‘aﬁ'irqn  base plate 18 and an iron  side plate . -
19 are mbunted.On the bearing member 17, and after
possible bolting concrete 20 is poured into.the space'
sufrounded by the built-up column 1, the base plate’
18 and the side plate 19 to give rigidity to the

§~) : | 20 . structure. .A through hole is provided on the upper
part. of the side plate 19 to accommodate a beam

~ o - reinforcement 21 therein.

Since there is a gap present between girders

of thé.built-up column 1, the T-shaped brackets 5

25 - can be fixed in position with the high-strength
bolts. |

The embociments of Fig. 10 to Fig. 13



#Crete 20 is poured into the space surrounded by the built-up colum 1,
+, the:base plate 18 and the side plate 19 to give rigidity to the 20
structure. A through hole is provided on the upper part of the side plate
/19 to accommpdate a beamrei nforognent 21 therein. Since there is a gagé
- present between girders of thebuilt-up colum 1, the T-shaped brackets 25

- can be fixed iblustratenthétinvaetionagslre@tty holdertilhegedipdi ments of

,are nounted on the bearing member 17, and after possible bolti ng'

Fig. 10 to Fig. 13 -6- illustrate the'invention applied to"a
~nulti-storey dwelling howse. The built-up colum | and the built-up beam 2
used in the building structure are those for which'5 t wo glrders of

‘H-section are di spBaedbwiltrumetolumbstiandafle |wiilkindig heeaxe@ssary gap
provi ded betmeen the flanges. and then assenbled with a joint nenber as
described abo¥8sd THR ﬁ‘ﬁ Puilding shructurs mne thasef athedsiclh 10

e rangen oBFacERHiek: BT Sliion 't Yiuili 0 el WR S U
in parallel_and-the necessary gap provided between the
flanges and then assembled with a'joint member as
described above. | .

. The built-up_column 1 is installed on the.élab
10 ~concrete at the desired position. - In this case,
~ each built-up column 1 is arranged so as to have the
~webs of the H-steel paréllel. _
Then, the T-shaped brackets 5 aré mounted on the
‘langes of each bullt-up column 1 with hlgh-strength '
15 bolts and the bullt-up beam 2 is welded or ‘joined w1th
' high-strength bolts extending parallel to the webs
of the girders of the-built-up_column 1 by the T-
shaped brackets 5 (which is the strong direction of
the girders of éblumn-ﬂ). |
20 : A pre-cast wall panel 22 is built in the outer. Q_/
wall, - A cast-in-place reinforced concrete wall 25- |
is provided in the weak axial direction of the girder.
acting as an intérior boundary wall. In.this case,
a connecting member éonsisting of a small frame
25 section which cOnnects-adjécent built-up columns 1
in fhe weak axial direction is embedded in the ﬁall
2%. A column reinforcement 24 and é beanm

reinforcemsnt 25 are arranged around the built-up



Then, the T-shaped brackets 5 are mounted on the flanges of each built-ug.d -
colum | with high-strength 15 bolts and the built-up beam 2 is welfed, \--
or -j'eined with high-strength bolts extending parallel to the webs of :
girders of the built-up colum | by the T- shaped brackets 5 (which is the
‘strong ¢irection of the girders of colum 1). ' A pre-cast wall
panel 22 is built in the outer wall, - 7 =A cast-ln pl ace reinforced
concrete wall 23 is provided in the weak axial direction of the girder
‘acting as an interigyluieund@ whealbuilt-ubnbebins 6a8€coBcpebEeLEi Ng member
.consisting of a small frame 25 section which connects adjacent built-up
colums 1 in the wepdumed dlo dincdmidieorthies conmddérd Bnsthelwatriméa. A
columm reinforcement 24 and a beamreinforcenment 25 are arranged around the
built-up coIuwnnﬁmﬁﬂqﬂ§ﬂﬁndanGM§tbe§ﬁruaﬁureoﬁndetbe|bepnuledato i ncl ude
the colum in a steel-franmed reinforced concrete structure and the beamin
a conposite beam momposite QQQN%MN 26 is franed with a large slab of

cast-in-place reinf.orce cre out bi, and a efle tion of the
floor .is conﬁ?olled by %b§ﬂ§ %%5 gﬁﬁﬂﬁgd ge? hAFgeogiab fireproof
coatlng 28 is apm'éé%é“lﬂina%'d%e&BonegﬁchEcEZte without a blnder,
S . and a deflection of the floor is controlled by

means of . an unbonded steel wire 27. - A fireproof
| . ‘coating 28 is applied on the side and lower parts-
"\’ - 10 . of the built-up besm 2.
'In a different embodiment shown in Figs. 14 to
17, only the column 4 is construéted aéia-built-up
column 1 consisting of a pair of H-section girders
-'_ while the beam'2'i3.¢onstifuted-by a single H~-section
‘15 . ~gifdef; - A bracket 29 serving as a'cbnnecting.member
. ﬂis jointed to both'gifders'of the built-up column 1
through high-strength bolts so as to commect the
beam 2. - Fig. 16 illustrates the construction at
the peripheral part of the building.
20 The advantages of ‘the inventioﬁ'can be. seen
from the following considerations:
(1) A bendingIStfength of .thecolumn and the beam
through a high-strength bolt tensile junction is
governed by the number of working tension bolts;-
25 The number of tension bolts is limited to 4 : 8
- per H-shaped column according to the width of the

flange, however, it can be inc:eased to 8 - 16 by



of the built-up beam 2. In a different enbodi nent shown in Figs. 14.

, only the colum | is constructed as a built-up colum 1 consisting
_ pair of H-section girders while the beam 2 is constituted by a single
H section 15 gi rder. ‘A bracket 29 serving as a connecting nenber is
-~jointed to both girders of the built-up celum 1 through high-strengthﬁ;g
bolts so as to connect the beanr28 = Fig. 16 illustrates the constructi0n
at the peripheral part of the building. 20 ng'a vant ages of the
invention can arzanging dfhe Rrgsantoidd ok iR o e “&lf-)"h A bendi ng

strength of thecolum and the beam t hrough hi gh- st rength .bolt tensile
junction is goveanedl3R RhAdfifth Wl%'a’vﬂﬂbeﬁngmi B’%nt 21525 The
nunber. of tension bolts is ljmted to.4 - er. H shaped col unm accordi ng
"to the width ofS ¥EP$YQNﬁﬁ§'Wﬂﬁﬁﬁég?eiqe(§§¥é;§qureased to 8 - 16 by
-8- arranging t present. by I - 0 : | cheyy al so be added a
built-up beam ¢§% beﬁ%i%ﬁﬂgkﬁéﬁggﬁﬁggﬁ- igéﬁg?%§be doubl ed. (2) A
singe Hgecti 0%9%%96&@@3??9]”@\%&%@ in M98 Skaxl€ actinloutidddtgionl t he weak
n. the built-

axial difectio wever, up colum is very effective in
_ ' However, the built-up.column_is very effective in‘
. increasing the resistance to buckling in.the weak
axial direction. . _ |
(3) . A permissible bending.stress of;the_béam |
10 depends on the lateral buckling of the beém,;bﬁt o | ' \;)
the built-up beam is more resistant to_lateral |
buckling, which is very effectiﬁe in.ingreasing'
-_reéistance to bending stress.. . -
(4) A combination of the built-up column and
15  the built-up beam may improve fhg yield strength
~ of the frame as mentioned above. Therefore,
cblumns can be installed with larger than normal
intervals between them, giving an increased degree
of freedom for planning. __ | o
20 - (5) . The frame is composed of relatively 1érge' : _&*j
members; and a junction of the colurn and the
 beam is made only with-the.joint brackets and
high-strength bolts, thus improving.efficiency;
(6) . When the built-up beam is located along
- 25 . the circumference of a building, a deck plate

can be cantilevered from the built-up beam and

(41_".-



i'ncreasi ng 't he resistance to buckling in the weak axial direction. (3)
permi ssi bl e bending stress of the beam 10 - depends on the | ateral
buckl'kng of the beam but the built- up beamis nore resistant to |ateral
buckllng, which is very effective in increasing resistance to bending
stress (4) A conbi nation of the buid & up col um and 15 t he
built- up beam may i nprove the yield strength of the frane as nentioned
above. Therefore, columms can be installed with l.arger than nornal

“interval s between trmnﬁ°§ﬁRﬁ?ﬁ;%ﬁ13¥ﬂ9ﬁ§a§@&rﬁ@@r$@ 5PrPr§Ed6H?PUFléﬁénn|ng

20 (5) The fr osed of rel at y large nenbers, and a
junction of- the col umi ciﬁ%é? am S &R E Sﬁkf 'th t he joi nt brackets

and high-strength bol ts, tfunmﬂ%g%ﬁ@@ﬂﬂ&lefkgg'eBEV éﬁ gmgyggg F?ding, a

built-up beamis Iocate al ong C|rcu

deck plate can be cantidy ey e %’Entdh%M%ﬂ&zﬁ&?%?%gdgngcg%ﬁgg .‘;ﬁé?)

is placed thereon to form an open-sided slab wt

~ The internal sgace of'ﬁiringﬂﬂﬂﬂthén%pbh@ b@&ﬂb@&ﬂth@ gi@deﬁEfSQttH@|y by
|nclud|ng pi pes and
' _ bullt-up column and the bullt-up beam.



ng |n the space between the girders of the bUI|t up colunn and the
Al VB 1. A structural framework conposed of a
t up |mm)l Hllﬂﬂdumj oined to the built-up colum through a T-shaped
o racket sal m up col umm having ab plurality of I- or Hsectioned
~girders with webs and flanges with their webs parallel,- and then couplej
with a plurality of connecting mEm& § to leave a gap prOV|ded bet ween Fhe
fl anges of adjacent girders, the cross piece of said bracket being fixed to
"the flange 10 of said built-up colum by neans of a high-strength bolt
~tensi |l eJLMMS on, and the stem of said bracket being fixed to the flange of
said beam 2. A framework as claimed in claim1, wherein the girders

are Iattlced or trussed. 15 4, A framework as clqlned inclaiml or
cl ai m 2,1 -wher eifh StFUFtRGde framework goupesechef ghdudltrapges ext end

hor i zonigyThmidnd & G qbtldeat \weeithengufilanap c@fluhﬁetﬁébaeﬁnt girders -

and- conne Iurallt ctin e : A framewor k
- as clalﬁeg‘tsﬂ’ai%fa éaﬁgim?g% p\/\%@?@f"ﬁi‘@ﬂéf‘@télsﬂlled|ntothe_
. _bUI 5t - up leadalityatofa q-um:t |I-19-rse@ft1bhedbg|ilrﬂem|s walttheasdahae beam.
' flanges with their webs parallel and then coupled with

a plurality of connecting members to leave a gap
provided between the flanges of adjacent girders, the
cross piece of said bracket being fixed to the flange
.10 ©f said built-up column by means of a high-strength bolt
tensile.junetion, and the stem of said bracket being fixed ' k;j
to the flange of said beamn. '

2. A framework as cleimed in claim 1, wherein the
girders are latticed or. trussed. ' |

15 4. - A framework as claimed in claim 1 or claim 2,
wherein said girders are laid such that their flanges
extend horizontally with a gap left between the flanges -
of the adjacent girders and- connected by a plurality of
connectlng members.

20 4. A framework as claimed in any one of claims 1 to 3, .
wherein concrete is filled into the built-up column at a "/
junction of the built-up column and the beam. -

5. A framework as claimed in any one of claims 1 to.4,
wherein reinforcing bars are arranged around the built-up

25 column, a beam reinforcement is arranged through said gap .
of the built-up column and concrete is poured at the
junction to form a steel-framed reinforced concrete
structure.

L



5. Aframework as claimed in any one of clgggg/i/rﬁ/z//;;r/' |
reinforcing bars are arranged around the built-=Tp 25

reinforcement is arranged through said gap of th ‘&E ﬁﬂ and
concrete is poured at the junction to forma ste Yei nforced
concrg_; structure. 6. A structuraH1frane k substantlally as
her ei n™descri bed with reference to and as 'i'l.lustrated in Figures 1 to 4 or

~Figure 5 or Figures 6 to 9 or.. Figures 10 to 13, or Figures 14 to 17 al one
or-as 5 nndlfle&-by any @ftrudhared. ﬁgaMewaekoéubheanttanpynasnneﬁéﬂmnngs

described with reference to and as illustrated in
Figures 1 to 4 or Figure 5 or Figures 6 to 9 or
Figures 10 to 13, or Figures 14 to 17 alone or as

5 modified by any of Figures 18 to 30 of the accompanyina
drawings.




