A COLUWN BASE STRUCTURE This invention relates to a columm base structure
in a steel-frame structure, or a steel-frane reinforced cogéegﬁ @
or a conbined steel-frane and steel -frane/reinforced concr urel . 5
The accuracy of a steel-franme structure depends |argely on the positioning
accuracy of steel-frame colums on the | owernost story, which are in turn
greatly affected-by the accur &sCOBUMNNBASE SARUEGHURE uct ure. Since

shop- assenbl ed steel -franme nenbers are usually brought into the
construction site within tol erances, errors in on-the-site
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prevent the anchor bolts from unwonted y novi ng ue to the 1 npacts .applied
by the presacietel stdnfdgtire during concrete placenent, as descri bed on page
625 of Technical Guide for Steel-frame Construction with Detail ed
"Descdiption (Arhe actturady loftd istieeYOf rame®fstitjieburépdepenls 18%8ely on
publ i shed in Japan. According to the present invention in one aspect, there
i s provi dbbeapbaiticning aceuracyaoft steeflfmameocolumnson thegloperpbst
first support menmbers to be nounted on a concrete substrate, horizontal
second suBEBEY . nWhishs axeuincgusn aneatly atfected By Shenassuracyr pfsthe

support mf=nbers a |l ower anchor plate attached to the horizontal second
oundatlon structure. Since shop-assembled steel-frame members

— are usually brought into the construction site within tolerances,
10 errors in on-the-site steel-frame erection are often affected
directly by the accuracy of the anchor bolts. As a result, the
quality of the erection of a steel- frame structure depends solely
on the accuracy of the anchor bolts. For thz.s reason, an anchor
bolt fixing device in which anchor bolts are held in position via
15 a steel-frame or an anchor retainer is usua;l.ly used to prevent
the anchor bolts from unwontedly moving due to the impaci:s
appliéd by the pressure of: concrete during concrete placement,
L as described on page 625 of Technical Guide for Steel-frame
Construction with Detailed Description (Architectural Institute
20 of Japan, April 25, 1979) published in Japan.

According to the present invention in one aspect, there is
provided a base structure for a steel-frame column comprising
upright first support members to be mounted on a concrete
substrate, horizontal second support members mounted on and |

25  extending between the first support members, a lower anchor plate

attached to the horizontal seccnd



2 support menbers and having anchor bolts with screw threads at either end
extending vertically therefrom and an upper anchor plate supported on the
anchor bpl'ts, the upper and |ower anchor plates being secured to the bolts
by nuts tﬁe t hreaded ends 5 of the anchor bolts, and the support
menbers and SWRPOREhBEMBSISs and peingdarahen hodbsc with st threads hat
the upper ends of the anchor Qolt s pI’OJ ectl n t heref rom so accordin
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and the upper and | ower anchor plates being secured to the bolts by nuts on

t he t hr eadedtik@danéhothboatshpiojekting?2@herefrom.The present invention
seeks to provide a columm -base structure having a high anchor bolt: fixing
accuracy, and to Alsei aeccordingmtdasike sinventieni theireclis Iprquisied oai bgse
and enbeddi ng of anchor bolts are nade extrenely easy. The invention -
facilitates sheugture ofpmgaof steeleframe g eelapinuneonpriaing wpright finss

metal fitting therefor, and the colum base netal fitting and the concrete
foundat®on. €WRRPEEr MEWPEYS BOYRLEA, PNt @ t FRNGHAES, (ﬁ\n?ﬁt%'cohﬂﬁﬁzsﬁ§él
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the support members, a lower anchor plate fixed to the second support
members, vertically extending anchor bolts threaded at either end
and fixed to the lower anchor plate and an upper anchor plate

15 supported on the anchor bolts, the basé structure having beel::
embedded in a concrete foundation with the anchor bolts
projecting upwardly- therefrom, and the upper and lower anchor
plates being secured to the bolts by nuts on the threaded ends
of the anchor bolts.

20 - The present invention seeks to provide a column basel
structure having a high anchor bolt fixing accuracy, and to
p‘rbvide a column base structure in whiéh the positioning and
embedding of -anchbr bolts are made extremely easy. The invention
facilitates the positioning of a steel-frame column and a column

25 base metal fitting therefor, and the column base metal fitting
and -the concrete foundation. Consideration is also giveﬁ tb the |
adhesion of the column base metai fitting and the concrete

foundation with the aim of improving the resistance to

earthquakes and other external movements. By predetermining the



initial tensile strength of the anchor bolts, safety performance of the :
base structure can al so be inproved. Various features and advantages.of the
invention will be apparent fromthe foll ow ng description which d|§dpsses .
sone 5 prior structures and variows enbodi ments of the i nvent’ion, by way
of exanple and with reference to the acconpanying draw ngs, in whi ch: Fig.
f1 is zin(‘j:mm ettt idfe SrrerrfniofakhRahhcRbran62B¥eNEaLEEY PEEPeFmRALE
i Xi ng devi ce;

- Figs. 2 and 3 are partially enlarged | ongitudi nal
sect i @fs tHd basatstuctere etan i absbdi pebthpeevedn anchor bolt and an upper

anchor plate of the anchor bolt fixing device at the upper part of the

anchor bol tVamious featurgsgand) advantagepeeli theviiaveantiean ratlhgbe
conven- tional' colum base netal fitting. Fi
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Fig. 6.
Fig. 1 is a front view of the essential part of a |
conventional anchor bolt fixing device;



Fig. 8 is a diagram of assistance in explaining the flow of nortar in a

form Fig. 9 is a diagramof assistance in explaining the external force
exerting on a colum base structure. 20 L Fig. 10 is a partially
enl ar ged™l ongi t udi nal section of the essential' part illustrating the state
where a fl'at washer is welded to a conventional columm base netal fitting.

Fig. 11 is a front viewillpslyatjnghhe, stat samgrﬁy25..1arge@nqiaqgimlﬁ§l
are held in position in a first enbodinment of this invention. 12 is a

cross-section taken al ongtltonme Elkusurakige the FelpridBship aetwamt aul eamchor
illustrating the state V\/nere anchor bots are held E}giltlonlna

second embodi ment. S fhlas"‘ﬁ A% tRAEN2 " OGuPE2 4 OF SEBE APD %' i fd*i%en

along line F-F in Figurgvlide dd gué Qupkari $a:@ PEahevh@¥hdd sty ating an
anchor plate in a 5 third enbodi nent of this invention; Figures 16 and
17 are cross-sectifons takenfi-onty 1§ deBe GRS HAE MipW #Jéé'ﬁéﬁi‘ij\i'él ¥ i9PERRyUr e

15; Figure 18 is a part C i@n illustrating the state
di@hby c%'ihi?hﬁ 96deChaSS ﬁ?@'.tip .

where an anchor bolt is inserted Into an anc ate; 10 .Fi gures
19 and 20 are plan views ilFagstratiang dtagrem pllatseswsadciemta‘rounbdns anadked
fifth enbodi nents of this enbodi nent; Figure ag are plan_views
i | lustrating anchor pléi the ottom surface o the co umn base '‘metal fitting
shown in Fig. 4.
10 Fig. 6 is a front view illustrating ;He state where
the steel-frame column is anchored to a concrete fouﬁda-
\~) _ tion using the column base metal Fitting shown in Fig. 4.
Fig. 7 4is a longitudinal section of the essential .
part corresponding to the column base structure shown in
15 Fig. '6
Fig. 8 is a diagram of assistance in explaining the
flow of mortar in a form. |
Fig., 9 is a diagram of assistance in explﬁining the
external force exerting on a column base structure.

'20 Fig. 10 is a partially enlarged longitudﬁﬁal section
of the essential part i1llustrating the state where a flat
washer s welded to a conventlional column base metal

\__/ i fitting.
Fig. 11 is a front view illustrating the state where
25 ' anchor bolts are held in position in a first embodiment of
this invention.
P Pig. 12 is a cross-section taken along line E-E in
Fig. 11. |
Fig. 13 is a front view illustrating the state where

30 anchor bolts are held in position in a second embodiment



used in sixth and seventh enbodi nents of this invention; Figure 23 is a
plan view illustrating an anchor plate used 15 in an eighth enbodi_nent’
of this invention; Figures 24 and 25 are cross-section taken along Lynes
-1 and J-J in Figure 23; Figures 26 ang 27 are a plan view and a ~
cross-section of an anchor plate used in a ninth enbodi ment of this

i nvent ig@iepd® inventidngure 28 is a.plan view illustrating an anchor plate
used in a tenth enbodi nent of this invention; Figure 29 is a cross-section

t aken al ong Ridird{-14 iz & grbss28eckion’ €akan amdnglmhe B-Fr oAt Fig@reand a
pl an view of the 25 part of an anchor frame used in an el eventh :

enbodi M3t of this invention; Figure 32 is a perspective viewillustrating
the state where a col um base net al fitting is placed on a machining jig in
a twel ft Figuxsli¥erns & plan viewntllust@ting &3 anchopaplatetineavi ew
illustrating the twelfth enbodi nent of this invention; Figures 34 and 35
abe pefthizd iembadiment |9fsthis i inventiom: 5 base metal fittings used in
the thirteenth and fourteenth enbodi ments of_ this inventjon; Flgures 36 and
37 are alo g‘ﬂ‘%}'iﬁfna?f A i1 akey Sronstseqtions Jaken 2lopg 1pnes $Tew of

t he esse &? part of .a, fli ent{% enbodj rent of this invention; 10
Figure® i ReGYivelY iR BAXe tFbnal plan viewillustrating a

sixteenth e%%f@ 1% QL 4 @a%:ﬂ:.@i‘i@t efilarged cross-section illustrating

the state where an anchor bolt is inserted into an anchor plate;
10 Figures 19 and 20 are plan views illustrating anchor plates ;_i
used in fourth and fifth embodiments of this embodiment;
Figures 21 and 22 are élan views il;ustrating anchor plates
used in sixth and seventh embodiments of this invention;
Figure 23 is a plan view illustrating an anchor plate used
15 in an eighth embodiment of this iﬂvéntion; |
Figures 24 and 25 are éroSs-section taken along lines I-I
and J-J in Figure 23;
Figures 26 and 27 are.a plan view and a cross-section of an
anchor plate used in a ninth embodiment of this invention;
20 Figure 28 is a plan view illustrating an'anchor plate used
in a tenth embodiment of this invention:

Figure 29 is a cross~section taken along line K-K in Figure

28;
Figures 30 and 31 are a front view and a plan view of the
25 part of an anchor frame used in an eleventh embodiment of this
invention;

Figure 32 is a perspective view illustrating'the state where

a column base metal fitting is placed on a machining jig in a



Figure 39 is a plan view illustrating the flow of nortar in a seventeenth
enbodi-nent of thi s invention; Figure 40 is a diagramillustrating the
behavi olr of 15- rotative distortion caused by an external force applied
t'o a co™dmm-base structure in an ei ght eent & enbodi nent of this invention;
Figure 41 is a schematic diagramof rotative distortion shown in Figure 40;
Figure 42 rtsrei.fd:mmndilmam reeft ithgisc Hanvgastdwairtsh tinme in the tensile force
of an anchor bolt used in the eighteenth enbodi ment of this invention,
Figure 43 is a rFlchﬁ%g:’i‘rmhén? PexeReckive: i'cieN abt s toating obhenttwaifth

col um base strycture in whi.ch pretensioned anchor 25 bolts are used,
Figure 44 many ﬁ-ﬁ’n‘%tnlﬂ?é’rtd&’brl stic diagram for a convent i onal

col umm base strygture u§ gvgge ei ht eent enbodi nent, f mveg}tal on;
Fi gures 45 and 46934 ap V\‘?’é?l "c‘(ﬁlivﬁaﬁw% ' a

test piecey gl hgaghght ffgggpggbc{%é&"m; Stﬁgi‘ﬁ{.‘éﬁgﬂ r%ﬁcﬂ“rf%u?ee%t@a

partial cross-section i ing an anchor assenbly use
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conventional ‘anchor bolt fixing device. n the figure, nuneral
cross-sectional plan view of the essential part of a fifteenth
embodiment of this invention:; -
10 Figure 38 1is a partially cross—seétional plan view
illustrating a sixteenth embodiment of this invention:;
_Figure 39 is a plan view illustrating the flow of mortar in
a seventeenth embodimeht of this invention:
Figure 40 is a diagram illustrating the behaviour of
15 rotative distortion caused by an external force 'applied to .a
column base s{:ructuré in an eighteeﬂth embodiment of this
invention; -. .
Figure_ 41 is a schematic diagram of rotative distortion
shown in Figure 40;

) Figure 42 is a diagram illustrating changes with time in the
tensile force of an anchor bolt used in the eighteenth embodiment
of this invention;

Figure 43 is a righting moment characteristic diagram for
a conventional column base structure in which pretensioned anchor

' 25 bolts are used;

Figure 44 is a righting moment characteriétic diagram for

a conventional column base structure used in the eighteenth

embodiment of this invention;



1 refers to an anchor franme forned as a franme conposed of equal angle
sections in which an upper anchor plate 2 and a | ower anchor plate 3 are
fixedly fitted to the upper part thereof and at a |ocation slightlyibigher -
than the | owernost part thereof, 15 spectively, so that anchor bolts
are held in position by retaining hoIesPFnot shown) provided in the upper

d | | h i.cal it oni - '.
ol ts 4 15 eFrOurly 85 phRcTEste & BasH kil afdid i ofbdlndf il &
via a sq43 %t%%*l%%l st ieér/XtIh_tEhé é9ghtedhtA"Aaodimedit %Pkﬂgiéraﬁe
1 is placed at a predeterm nped ocation on g precast concrete subslab 7

and secyn@enttiopgsition by driving drill anchors 9. They are encased in a
concrete foundation 8 as shown by a chain line in Figure 1 with the upper

ends of the Pdlgures47r deatpagt PHDErdde-soceilon i Il ¥stPating an abithor
anchor frame 1 constituting the above-nentioned conventi onal

anshor - bollt assenblgecused, inha anineteentil énbddimentitef] tinds dasmritisshi n
advance at factory and transported to the erection site, has the follow ng
probl emdnd(1) The anchor frame 1, which has a | arge nunber of protruded 10
parts, tends to be deformed during transportation due to stacking and

col I i si on of Figuxep 48 difc Rodiporam illustirating @ stamyt defammatdion el ty
i n enbeddj ng_the anchar bolts 4 in_the copcrete foundatipn 8 wth high
accur ac§. Pudladng. 4n fhepifistesnth ephedinent |Qf (LS pventiones
assenbled by welding, Jt is diffjcult toadiust the positions of _the
anchor bol t s FA949%S h% o7 | ?ongﬁ?n r VieW of "the" esséntial P *t %of &

10 conventional anchor bolt fixing device. 1In the figure, numeral u
1 refers to an anchor frame formed as a frame composed' of equal
angle section_s in which an ui:per anchor plate 2 énd a lower
ancbor plate 3 are fixedly fitted to the upper part thereof and
at a location slightly higher than the lowémost pa'rt. thereof,

15 respectively, so that anchor bolts are held in poéition by
retaining holes (not shown) provided in the uppér and lower
anchor plates 2 and 3. The vertical positioning of the anchor
bolts 4 is effected by interposing' the lower anchor plate 3
between nuts 6 via a square washer plate 5. With this

20 arrangement, an anchor frame 1 is placed at a predetermined

location on-a precast concrete subslab 7



vertical direction on the erection site. (3) Since the washer plate 5 to
whi ch the bottom end of the anchor bolt 4 is attached has a | arge

hori zonf'al surface area, the anchor frane 1 st be made sufficiently |large
t'o accoMfodate the washer plate 5. (4) The chor frame 1 nust have a
sufficiently high rigidity to prevent the anchor bolts 4 from noving
during pl sapdesecuredt ia qowitsion flyndeiving 8rilFoanchiotsr @asonrhepnaker
frame menmbers nmust be of a rela- tively large size. This could lead to

i ncreased pemcased in a copcifete ifoundagioncd @fs shown By @arechaimel inei ih
rein- forcing bars_ (not shown) used in the concrete founda- tion 8. (5) The
out si de surf h‘é%rﬁflt%tl&rkhﬁrum’!ﬁﬁ ends; afo FBechoBsa4nBRodertkngodbpyagthe
sl eeve (not_sho in FiLg. As 10 shown in Fig. 2, the top
end of the SR %ﬂ tioni 84 |s supported by the upper anchor plate 2 of the
anchor_franme 1 t he_coveri sl eeve The anchor Lt 4. however
fends To be secuTaa | ANGREF| « AqaReenion coEEHERG R ABoye penbigiss
among the up eﬂéion%}e a?ﬁﬁafhﬁsltpléiﬁlg Oveéﬁﬁééeev hi&hanfsthﬁoéﬂgm?§

bolt 4. It |s | MPOSSI erefore, tol e énc oring accuracy o

the anchor PQﬁiicéte&‘aﬂﬁrgéEeﬁbiﬁh'Q%'Hﬁbdﬁéﬂﬂdémkéhéﬁf¥”aﬁdaﬁFanQ?g#HEB

on the concrete foundation 8 Is such that a colunmm base
fitting istoi Gh&€JeRbb¥ibAl Betel OhhBetheokbIMowkagepPobleas:of the

steel -franme columm, and the col um base _
(1) The anchor frame 1, which has a large number of protruded
.10 'parts, tends to be defbrmed during transportation due to
~ stacking and collision of multiple anchor frames 1. This
could result ih the difficulty in: embedding the anchor
bolts 4 in the concrete foundation 8 with high accuracy.
(2) Since the anchor frame 1 is 'usually fabricated and
15 assembled by welding, it is difficult to adjust tﬁe
positions of the anchor bolts 4 in the horizontal or
vertical directiqn on the.erection site. |
(3) Since the washer plate 5 to which the bottom end of the
anchor bolt 4 is attached has a large horizontal surface
\__20 area, the anchor frame 1 must be made sufficiently large to

accommodate the washer plate 5.

(4) The anchor frame 1 must have a sufficiently high



metal fitting is tightly secured to the concrete founda- tion 8 by the

. anchor bolts 4. An exanple of the colum base netal fitting is of a
shape shown in Fig. 4. The 25 colgm . base netal fitting 10 has a
square base plate- 12 and a square rais portion 13. On the base

plate 12 provided are thick portions 14 at the four corners

thereof, having anchasgbaldy Ned Crlledt dhleCladlor®BE £Q" - AL BBELAOT -
The raised portion 13 Ts of a square, rec- 30 tangul ar, circular

or any ot her shape cderibspoplacgnend of tthe cowseteectdimdaakoshdpe Bir t he
steel-frame colum to _be Joined. The colum base netal fittting 10 i s made
usual |y by casting &PYFdegPAl:  AREPRT (A ANt HETBoT S hEF et 5 tRbteof 5
being fornmed after ¢astiNgaege fALEL NG ThisVBANL 2e5a NG i Reradtelopodrol t

hol es 15, two orthogonally intersecting center |lines 16a and 16b passing

t hrough the Scent er Aséble hdrperfergpat f12naher FARRRMEMRARS t\HéH E®Mter |ines

17a and 17.b of the (4ol &5 1o AGoURLERA, SR AN ADRIRCFEIU Ceouhdles 162

10 and 16b to accurately determ ne the positions o e es 15. The
hol es 15 are drilledctoentghe centers B thus ob- tained. Wen joining a
steel -frame col ug@ato the raised por- tion 13, .a center line 19a, as shown

in Fig. 6 markeddnThs outsigesurface Qf £he Atsmor oLt fie WIEFELPYL3 s

matched with a centgrpdd-a@idRovaerh B1kBGe CERECEn&In therst.ceh: f raame
colum 18 to weld the steel-frame colum 18 to the raised portion 13.
The col um 1¥ase t husshewmdad ByzweRei ntie the end of the anchor bolt 4 is

supported by the upper anchdr plate 2 of the anchor
frame 1 via the covering sleev;“li. The anchor bolt
4, however, tends to be secured in a tilted fashion,
.as . shown in Fig. 3, due to a gap'among' the upper
15 . anchor .plate 2, the sleeve 11 and the anchor bdlt 4,
It is impossible, therefore, to improve the anchoring
accuracy of the anchor bolts 4.
A normal practice for erecting a steel-frame column
on the concrete foundation 8 is such that a column base
20 metal ficting 1s 1integrally joined to the column base
portion of the steel-frame column, and the column base
met#l firtting is ctightly secured to.the concrete founda-
tion 8 by the anchor bolts 4, . An example of the <column ‘-UJ
bage metal E;tting ls of a shape shown in Fig. 4. The
25 column base metal fitting 10 has.a sduare base plate - 12
¥ and a square railsed portion 13. On the base plate 12
. provided are 'thick portions 14 at the four «corners
thereof, having anchor-bolt holes 15 drilled- at each cor-
ner thereof. The raised portion 13 is of a square, rec-

30 taﬁgular. circﬁlar. H- or any other shape corresponding to



colum base nmetal fitting 10 to the steel-franme colum 18 20 IS

secured to the concrete foundation 8 by tR anchor bolts 4 and the nuts
6, as sfbmm in Fig. 6. This marking operationhowever, has to be perforned
on each Prece of the:-columm base 10, requiring nuch tabor. and tine. In
-other words, the conventional erection wrk 25 using the colum base
metal fitting 10 | tw0lc¥B8s~dekc@homi1echh i o€06hS . .steBlifNamabovamuens i ared
col um base structure, where the colum base netal fitting 10 has to be
brought in close coni®d®edwith the concrete foundation 8, nortar rust 30

be cast into _the gap bet WREN CQQLQn basEilgetal7f-5.§tiEhgl Q@gié Whade uﬂiamﬂ %90“ on
of the essential part corresponding to a colum base structure shown in

Fig. 6. In the figuresstine eolfwrmindaseitimahal andhort bey h0les 15 pheqpodl | y
joined by welding th st.eel -franme colu 18 . nade f teel 5

mat eri al , and‘cy t he ‘éegsnénbﬁ/“%eﬁu%é Sr YN8 ﬁ?ralfcc’er 18 tng'(':o%éP% g the
foundation 8 via a pdi®astbalrNhbbds MBIt o 30thdddnallly MtseseiM@Ccénter
predet erm ned nunber_of anchor bolts 4 are enbedded in the concrete _
f oundati on 8, positibhiedg!ts 2398, 1tk Paasi e ShFotRdt &he (RSt EHbWRE) Pt RA%8ed on

the colum 10 bag caei Alarel hiildd, 10na vhbhelerdtBal s AW 1RL 24 15 £]5!
into the gap between the colum base netal fitting 10 and the concrete

foundation 8. Af t &re bh&mﬂﬁtwe Rarkethdaspbeaan hheerefedtenmpileeel Y oat he

T e S, 10F ASERL AL S AR TS A0 GRS

defining the 15. The holes 15 are drilled on the centers B thus ob-
W, . tained.

When joining a steel-frame column to the raised por-

tion 13, a center line 19a, as shéwn in Fig. 6, marked on

15 the side surface of the raised portion 13 1is matched with
a center line 19b showing thé center of ﬁhe steel-frame
column i8 to weld the steel-frame column 18 to the raised
portion 13. The column base thus formed by welding the
coiumn base metal fitting 10 to the steel-frame column 18

20 is secured to the concfete foundation 8 by the anchor
bolts_4 and the nuts 6, as shown in Fig. 6.

.Thlg marking operation, however, has to te performed
on each plece of the column base 10, requiring much labor
and time. In other words, the conventional erection work

25 usfng the column_ base metal ficting 10 1involves _high
erection costs.

In the abdve—mentioned column base structure, where
the column base metal fitting 1O has to be brought in
c}ose contact with the concrete foundatiqn 8, mortar must

30 be cast into :hé gap between both. Fig. .7 is a longitu-



out si de di nensi ons when casting nortar 21. Wth the above-nentioned
conventional colum base structure, when the nortar 21 is cast in t'ne _gap
bet ween the col urm base netal fitting 10 gand the concrete founda- 20

tion 8 after the colum base netal fit!lng 10 " has been pl aced on“f'ﬁe
central nortar 20, a cavity 24 is often produced due to the air entrapped

by the:nortar 21 gim@1 SddcliBe idt RROTeGQAEL ALK quzr:th?rrmabsﬁerin%l wWth the
entire bottom surface of the colum base netal fitting 10.
Fig. 8 is a di agrodmmp|basst Patqurghﬁhcf“lnoﬁndfig -nbrt afm lth3t1hksuifer 23, I n

Fig. 8, shown by g chain line.iqgt cont our. ol unn, base
nmetal fitting 10. ﬁ"'ﬂ’ue centra taﬁ Fﬁ:‘% i(geim)stgnﬁ:e a?i h'lfoor?ﬁked ’na .

guadrilate- ral fwenmng a&ushomn lsneéhefrfznmgLucroaumn medteheomobtas:e?:l is 30
cast in the state shown in Fig. 8 fromthe directi on shown by arrow C by

means of a Roppe™25FF 4y of‘ﬁ‘ér "é’BnT%ﬁﬁTé’rly the ABFPed 451PF38ds ol IS the

flow ['ines shown cycaédOWolnadtilont H6vifal @VpAfc ¥R ESMerad Re¥dagd26! the
central nortar 20 and then joined together again on the downstream side
of 5 t he centthdF taResarsbFe a Neqeﬁpsmimemlenumlmeomflww boltisaf ent raps

the air present he h Lu e gt ti d gncrete
arQ Eﬂﬁﬁﬂaeh f%(%g g@hcrgg§ f E@l é?%i%Qo 9

foundation 8, formng a cavity as shown b 3éd & Critical
performance requipeef@niesi bgrbdlltehcnéajrmoﬁoshown)bﬁn&ﬁoidaaructtuéecdnmhude t he
adhesi on between the nortar 20 and the colum base netal fittin 10 as

vell as the ridRartBeet EHeEEo8) U0m BAseT idesr P%RFndt UG SARE

the gap between the column base metal fitting 10 and the
concrete foundation 8. After the mortar 21 has been \‘j
hardened completely, the nuts 6 are fastened to the anchor |
bolts 4 via washers 22 to secure the steel-frame column 18
15 in rFlace.: Numeral 23 refers to a form for defining the
outside-dimension§ When cas:ing mortar 21.
With the above-mentioned conventional column base
.strhcture. wvhen the mértar 21 is cast in the gap between
the column base metal fitting 10 and the concrete founda-
20 tloﬁ- 8 after the column base metal fitting 10 has been
placed on thé central mortar 20, a cavity 24 1is often
produced due to the air entrapped by the mortar 21, .re-
sulﬁing in poor contact of the mortar 21 with the entire - Q.‘;
yottom surface of the column base metal fitting 10.
- 25 Fig. 8 1is a.diagram'illustrating the flow of mertar
in the form 23. In Fig. 8, shown by a chain line is the
outside contour of the column base metal fitting 10. The
cencralimor:ar 20 is most commonly formed in a quadrilate-~
ral form, as shown in the figure. When the mortar 21 1is

a0 cast in the state shown in Fig. 8 from the direction shown



fastening strength of the anchor bolts 4. In the presence of a cavity 24 on
the bottom surface of the colum base 15 metal fitting 10, however,
satisfagctory performances for the columm bagg structure cannot be

mai ntai fed, ° deterio- rating remarkably the earthquake resistance of the

- struc- ture. The columm base netal fitting 10 and the concrete 20

foundation 8 are joi rged t.oget her, by.the ka th%r}ipgg os[traggg“]\eqf L& aqRehor
balts 4 and the nuts 6. 17 4 bén ing noment 1s exerted on the colum
base, the colum haeemordtakall frilbls Y ongOtlies fded aritied $local by amxdwih, a

conplicated nman- ner. The_ tension value to he added to the anchor_bolt

4 25 has not b&8R PieedlPy AEpBRTHATed® R TERY Fhdh8t 7St "8t ah 4P VAl we,

and set for indivi d}Jal.u buinedi red| Dot | hint bR @alishaldc@BaiBdiR@d &f
per f or mance (anchoring degr ee%as not been formally specified in the
trade. That is,5the thaventrahaiorgal AP bake Wiputintre s f3ovw of mgpgar

necessarily acconpl ieﬁpra?résﬂi ¢ %qghopgl.jeggnt C{?eQEQQn t%é colu.fn“\l | “aseuj[ 'lezZl' ng

the performance of the a orp%olts 4 for the above reasons, and it is
difficult to accurat @éiycigigasp drde cancieaei Agurdagiee 8t fooningne Givithe?4
design of a build- ing. Al this |eaves a great uncertainty about the :
safety 5 of bui | &FntReY"NB%t2 SPALeh B EFnal forces exerting on the col um

base structure wll be §eSEHH5Rd1 perFodmancd k8qfirededds aPr Ohe agsiedmnce
in explaining the external ‘forces exerting on the colum base structure.
Li ke parts arelPndi chasel sigyucture include the adhesion between the mortar 20
. and the column base metal fitting 10, as well as the
(N rigidity of ﬁhe column base metal fitting 10 and the
fastening strength of the anchor bolts 4. 1In the presence
of a cavity 24 on the bottom surface of the column base
15 metal fitting 10, however, satisfactory performances'fpr
the column base Qtructure cannot be maintained, deterio- -
rating remarkably the earthquake resistance of the struc-
ture.
The column base metal fitting 10 and the concreée
20 foundation 8 are joined together by the-fastening strength
of the anchor bolts 4 and the nuts 6. If a Bendlng moment
is exerted on the column base, the column base metal
./ : fi;ting 10 1s deformed locally and in a complicated man-
_ner. The tension value to be added to the anchor bolt 4
25 has not been clearly srecified as an industry standard
value, and set for individual buildings. In addition, the
evaluation method of performance (anchoring degree) has
not been formally specified in the trade.’
That i1s, the conventional column base structure has

30 ‘nmot necessarily accomplish a high anchoring degree by



10 | i ke nunerals in Fig. 6. In Fig. 9, an axial force N and a
hori zontal force F both resulting fromthe wei ght of the building,

eart hquake and storm are applied onto the steel-franme col um °18. Iﬁe ¢
hori zontal force F produces a bendi ng nongyt Mto bend the col um ‘base, and
a shearing 15 force Q to nove the colum base horizontally. To

cope wi ththe benging mprEnt M and Lheeaxial (o G Mo ulle sl pase
structure is deS|gne N sSucC manner P ? stresses are transn1tted

fromthe steel-frete ab6od waasass.tannhec ml um'nfﬁaﬂe t@tatlcutatdliyngrd€hy t he
anchor bolts 20 4, and the concrete foundation 8 \Wen the shearing

force Qis small, @ EBPTiRS 5%1%’(,535?Fu"c"t°ur"é“‘fs°fdé§Fg"f'Fé5c}gi“n°"su‘cl‘i“é Yanner

that the stresses.l.ag_r.e ABANGTLt { &l PNtdhe sheBleathE AMR0GE! N sdBedy0 the
colum base netal fitting 10, and the concrete foundation 8. In this case,

the transm $si on @& bulldigfes.stresses fromthe col um base metal fitting 10

to the concrete foungat,ion,8 eff ed by frictiona SISt ance
ext é ? {orces rtiag céi

[err] between the col unn ’bégé rre ti ng tHe ¢ concre € ?oundatl on

8 caused by the asdrakcios ce:ilNlenfer ng;smadt he ragl. unn iease stdgwahureas and t he
tensile force of the 30 anchqor bolts 4. Wen the shearing force Qis
too large to btesigfreeh  1By*tHaLRIRE thEnrtarRat starses f’é"r‘r‘?“gbé’t‘\lveen

the colum base ngjedl cbiddn BIsed &30 dNe CODMLLErf OWIdAL AW aBeat N COl UM
base structure is designéd in such a manner that the stresses are

transm ttedof romiike pemeralpr bFiB. 6. cdhufds. 38 an @xiphef argleuMmidase

][T(E;Ejﬁljat{i()f’]ti ng, th%ori oq;[ta\faabrece gZ, on% 9@§J1Qing°€}om élhe nge (‘foncrete
the building, earthquake and storm, are applied onto the o

steel-frame column 18. The horizontal force F produces a
bending moment M to bend the ﬁolumn?base, and a shearing
15 force Q to move the column base horizontally. To _éope
with the bending moment M and the axial force N, the
column - base structure is designed in such a manner that
the IStresses are transmitted from the steel-frame column
18 to the column base metal fitting 10, the auchor bolts
20 4, and the concrete foundaiion 8. VWhen the shearing force
Q 1s small, the column base structure is designed 1in éuch
a manner that the stresses are transmitted from the steel-
frame colhmn 18 to the column base metal flﬁting 10, and
thg concrete foundation 8. 1In this case, the transmission
25 of stresses from the column base metal fitting 10 ctgo -the
concrete foundation 8 is effected by a frictional resist-
ance..Qa1 between the column base metal fitting 10 and the
concrete foundation 8 caused by the axial force N exerting
on the column 5ase structure and the tensile force of the

3o anchor bolts 4. When the shearing force Q is too large to



8. To this end, the inside dianeter of the flat washer 22 is nmade
relatively snaller so as to reduce the clearance between the inside
di,aneter; of the flat washer 22 and the 10 outside dianeter of the
anchor b3fts: 4, and the entire outer peri\Hwery of the flat washer 22 is
fillet-welded to the colum base netal fitting 10, as shown in Fig. 10.

Numeral 25 in the f wuro%f'&&clig%gta& 3181 46801 ZON8 s YRLE gaCCOIUth¥en t hGLE TS

growi ng denmand for:- I nprov- ing the strength perfbrmance of ‘the
col um base struct uteuimnonbasenseckel fhcolre 0P askeitye condastgn.foundayiger to

real - ize this, selection of. good quality anchor; bolts havi.ng excel |l ent
mechani cal properti®s ("igﬁ ‘E%ll”gh? ‘E)’fs(lyiséf'ﬁyt“}%i ht dﬁﬁgg?eéingf‘l I rge'?'fb’{"ﬁ)r is of
critical inportancechad0 the stressedN@fe A1GheH1dQkt Sréh haue NG Lael ensimke
strength of over 50 kg/mmjerr] are used for the colum base structure,
how ever, flf%at veEdy@rs BB toytfihehcolunngbais fergl nfddcdre, + fhe sfiar

quality as the anchor,fal 5 afieSelcrb?SIANS" &, SANERL dic el oduben il

3 .
colum base netal fitting 10 ggcause o} e high carbon .content

and carbon equivadentro {i3s pnd haoheoinsideFdiamettir soff ghsoflat whskera@éhor

bolts 4 of this degree _of _stre thg ith a tensil%strenegthlof over 50
2 kg/mme[rr] are utbdP2Paridashesdyi AY %fcé"(jscéﬁnﬁ u58 FHanSIeHATEd to

the colum base nmet@devebhtindd1dbide EDEnetdSCor Afhe301lat wadRENQ2 ahol tehed Of
this degree of strength could therefore hel p i nprove the flexural
strength Ma (Yesisterfeddeo demdrery mbntlin 2Rfhor behes dol upfd bdge St ure,

but the outer periphery of the flat washer 22 i; fillet-welded to

K_/ fhe column base metal fitting 10, as shown in Fig. 10.
| Numeral 25 in the figure indicates a w;lded zone..

More recently, there is a growing demand for improv-

15 ing the éﬁrength performance of the column base structure

from considerations of aseismic design. 1In order to real-

ize this, selection of.good quality anchor bolts 4 having

excellent mechanical properties (in terms of yield point
and tensile strength) is of critical importance..

20 When anchor bolrs 4 having a tensile strength of over

50 kg/mm2 are used for the column base structure, how-

ever, flatc whshers 22, which are generally made of the

Lbj . same quality as the anchor bol:a as gset fasteners, cannot

be .welded to the column base metal fitting 10 because of

25 the high carbon content and carbon equivalent (Ceq)

thereof. For this reason, when anchor bolts 4 of this

degree of strengﬁh {(with a tensile strength of over 50

kg/mmz) are - used, large shearing force Q cannot be tréns—

mitted to the column base metal fitting }0. The use of

30 ‘anchor bolts 4 of this degree of strength could therefore



shearing strength Qa thereof could be | owered because the shearing
strength Qa can be maintained only hy the 5 frictional resistance
Qa[err]. Fig. 11 is a front viewillustrating the state where 'ancho%olts

o1 oss- sect | oR SkeATEERY | EhE EESRRFATg stendty WAL TkeRletartio atel by

i ke 10 ' 3 ' (o [ j ) h i '
Dl ate 2 ang DY AoplSEC I3 Gne, cpllinhBaRblWiTherth el PELEIRLOL
drilled at PIARREETHE NPErdiksEh VGa StREFeHPI boubd BESioweLBd BeEhfideethe are

of a square, open centred shape. Nuneral 5 denotes a washer plate of a 15

squar e shape sHedir i Metreny®lyi d8fl @arn heeipPpAinkained’ bRAy oWy &mehor
plate 3. The |lower anchor plate 3 is secured by the anchor bolts and the

| oner Buts 6 fdirtivnabshesiptanee Ga,. The upper anchor plate 2 is secured
by the anchor bolts 4 and the upper nuts 6a. 20 Covering sleeves 11 are
provi ded over the siapksibfisg ke famritoviesl idlastBatingethei sgate where
manner, for exanple, four anchor bolts 4 are held in place. Next, support
menbers 26 mahehar hoktsanghelddgl eosddiion inra fixsy epbadimeny of a
plurality of fixing menbers 27 which in turn are then fixed at a

pr edet er ni nedFhig ainventionne Fittr et 38b3 SFoEsEection, trken adenghown..

ARl AR EIgTE SHPPOLL TGS Rk dndeeCl Ble g el 10
top sypface Qfumdiafie ha0Udla SYRP¥il. B! 2% Q" FiafrRdS ANt Lbek
anchor plate 2 and a lower anchor plate 3 both have anchor- \J
bolt iﬁsertin_g holes drilled at predetermined intervals and
both, as best seen in Figure 12, are of a square, open
centred shape. Numeral 5 denbtes a washer plaﬁe of a
15 square shape, for example, provided on the upper part 6f
the lower anchor plate 3. The lower anchor plate 3 is 3
"secured by the anchor bolts and the lower nuts 6 via the
washer plates 5. . ‘The upper anchor plate 2 is secured
. by the arichor bolts 4 and the upper nuts é6a.
20 Covering sleeves 11 are provided over the shanks of the

anchor bolts 4. By assembling in this

-~



hori zontal plane. The assenbl ed anchor bolts 4 and plates 2 and 3 are then
pl aced with the [ower anchor plate 3 resti.ng on the horizontal support
menbers:29. The assenbly is centered and the plate 3 welded to the

Hor i zontl support nenbers 29. Thus, the l&mchor bolts 4 can be enbedded
into the concrete foundation 8 securely and with high accuracy by placing
concrete nabmex .t fon edapplies, ifour fanghow kalts |4strentheld tire slace. where
anchor bolts are supported in a second enbodi ment of this invention. Fig.-
14 is a cross-Ne¥Er oRUPRRER BPBRELFi $€ Made of rifpr example, argle gestion

I ndi d_by 1.k . din Fi 11 2. Th ] f
the anchoPthofised BXIBLALAY K5 erelerality on Thet gnanin Lhotem in
Figs. 11 12 f : : I f
gl e sectudn ane S A0, Y ncbEBREE PRERERCHSRTRES oo BRicEerd
30, dt | t ﬁpﬂ?‘%t 2 fi htied ZOHR
menbgps Zggp%q'?:%ﬁﬁﬂmﬁner hat t Sﬁe?%pggur éclaxgph%‘ﬁéh'%g?i ?gg%lg?&suppo?{t

menbers 2Qupidrt anehbaranbicd! | Nad@r bEOHtdeld) ke QbRABRAAHANEREE R DY
the sane as in the case of the first enbodinment. In both the abovenenti oned

enbodi "Enwembersd P& HRPEMpPEGELErRiReé@ Neidhtdin elicddafaniér tHet AHE R
foundati on, and the upper nuts 6a are renoved before the steel-frane

colum ceurEaiosd oft theélltorbzdntabaupport memberac2edforms a substankially
col um base netal fitting connected to the steel- frame columm (both not
shown) i s hordizgitade plane he Thomssamhled anclwt dolds 4apand pdatess 26 ande

fastened onto the anchor bolts 4 to conplete the col um base structure.
3 are then placed with the lower anchor plate 3 resting on the

N horizontal support members 29. The assembly is centered and the
plate 3 welded to the horizontal suplﬁort ‘members 29. Thus, the
anchor bolts 4 can be embedded into the concrete foundation 8
seéurely and with high accuracy by placing concrete around them.

Fig. 13 is a front view illustrating the state where anchar '
‘bolts are supported in a second embodiment of this. invention.
' Fig. 14 is a cross-section taken along line F-F in Fig. 13. Like
parts are indicated by like numerals as used in Figs. 11 and 12.
The arrangément of the anchor bolts. 4 and others is the same as

W, in ﬁh‘e émbodiment shown in Figs. 11 and 12,  except that four
support members 26 made, | for example, of angle section ar?
embedded into the concrete subslab 7 by casting mortar 30, and the
ho::'izont:allT support members 29 are fixedly fitted to the support
members 26 in such a manner that the top surface of the horizontal
support members 29 forms a _substantially horizontal plane. Other

arrangements are the same as in the case of the first embodiment.

In both the abovementioned embodiments,



By: adopting the abovenentioned construction, the 10 - fol |l ow ng
effects can be obtained. (1) Since only conponent nenbers can be cut to
predeter- mned | engths and fabricated in advance at factory-and tkh

brought into the erection site for asgenpbly, transport operations c n be
made quite easy. 15 (2) Since the colum base structure of this

i nvention has few protrusions, unlike the conventional anchor frane, and
is hardly subjected to deformation duri ing tra port-ati on for the reason

n
mentioned in (15MaBBR¥ FRBeLAdEFay isof’ ﬁé‘bﬁﬂ‘iﬁdori"ﬁ&'f““r ECRFHR® and the

anchor 20 foundROL4S, 4afd@tnRCuppdd AUes caURst afdnodbl Yoetod) " Sivace the
anchor bolt supporting assenbly consists of a relatively few el enents such
as the anchor btfeed-firamehecebpar apitssted| doe the angbehebdidrer  aiéhor plate .
3, the interfergneee.gf the anchor frame with reinforcing 25 bars
in the concrete foundation 8 can be substantially reduced. (4) As the

| ower anéhor pl at eA3 dodupn Chasgedetaindeér tinegheonsesited pb athe Sstdelle

hori zontal support nmemhers 29 d d d rect er .the |ower ancher._
bt e 3 do 30 E¥ame"LAGRR CrarRlBYL SOy} [ Rh¥ o ilnere i hes contag o -
resul t, bot hedelte reRaRELG ate 5maridetmsl 6V\ere IRCHORedloate Inean be

di sposed at a location closer to the nuts fastened to the | ower threaded
parts of the arRGHPr RAlts 4 tq\cepprlate b AoluppRasehstiyRtereal s of the 5

horizontal support gRMRGLE: Ang CeRe b%bbogﬁﬁﬁigﬁed ctonL:?ruction, the

10 following effects can be obtained
(1) Since only component members can be cut to predeter- ;_)
mined lengths and-fabricated iﬁ_édvaﬁce at factory and
then brought into the erection site for assembly,
transport operations can be made quite easy. -
15 (25 51nce the column base structure of this invention . has
few protrusions, unlike the conventional anchor frame,
and is havdly subjected to deformation during téﬁns-
portation for the ren;on mentioned in (1) above, the
accuracy of the anchor bolt retainer'&ﬁa the adnchor
20 _ bdlts 4 can be improved substantially.
(j) Since the anchor bolt supportiﬁé assembly consists of
a felatively few elements such as the anchor bolts 4, Q;J
the upper anchor plate 2 and the lower anchor piafé 3,
" the interference of the anchor frame with reinforcing
25 . bars in the concrete foundation 8 can be substantially
fednced.
.(4) As thg lower anchor plate JHis brovided under tﬂe
whsher_ plate 5, the horizontal suppori members 29
provided directly under the lower'anchpr plate 3 do

Jo not interfere wicth the washet_giate 5. As a result,



could contribute nuch to reducing the deformation of the | ower anchor

pl ate 3 caused by the deposition of the concrete foundation 8, and

t her ef ore preventing the anchor bolts 4 fro enter msalignnent. 10

(5) Simee -the upper anchor plate 2 is con ted to the anchor bolts 4
Wi thout the use of the covering sleeve 11, the positioning accuracy of the
anchor bqglts 4 is not affect b bet h Vehd vesll
and the anchor bolts 4. ETE{'} etqle yasthQQTg%gE,e gwx\ﬁﬁ%‘%e&aﬁghgﬁé}{}gl '?iﬁe-\exi ng
devi ce having the abovearntieonadspnairdt raictai dogatile ahdegr bol ttye 4 nugn be
enbedded into the concrete foundation 8 in an accuratelty ppsifi.oned state.
Fig. 15 is a plan view ifPPtRtedat Fhg 2R AP 1248 25 °Fin"a (W4
enbodi ment of this invepbiph. 4, RiG%h cidd aRd1d tratecseaniconsaisaken aheng
lines GGand Il-1l1 in Fig. 15. In the figures, an anchor plate 3'1'0
corresponds to % he uppehonirpratahetuPRRERJTEPEEE & 228 Rf 3"??\"%’?@' his
aboverment ! oned embodi el g1q %Qgtri!b%teflp\rcmegoimﬂci’-npc\!hleowéfMGIéﬂ aber al
25 using steel plates having a thickness of t, wth the’
cross-section of each sitde fleweedanchbo p¥ntapprosuisedt by \the) dérpsdcionl rehe

hei ght h nmade larger than t. At eag,(r!}mc.?arc %(rgegf th &”%Q?Er?' g,tr?m’s%%fnhxedly

fitted by wel ding are wi8fer®™51ethd&" s plates havi ng néss of
[err] 30 and drill @geadRnaRChltsbal frdaok €5t e32mi 041 tighsent.i ng anchor
bolts (not shown). Wth the above arrangenent, the rigidit of the

. 10. ., (5) Since the upper anchor plate 2 is conhecte to t)e

anchor bolts 4 withoué the use of the covering sleeve
\_/ ‘ .11, the positioning accuracy. of the anchor bolts 4 is
not affected by the gap betwéen the covering sleeve 11

and the anchor bolts 4. .
15 Thus, with the anchor bolt fixing device having the
| abovementioned <construction, the anchor bolts 4 can be
embedded into the concrete foundation 8 in an accurately

positioned state.

Fig. 15 is a plan view illustrating an anchor plate
20 in a thlrd emb;diment.of this invention. Figs. 16 and 17
are sectlons taken along lines G-G and N-H in Fig. 15. 1In
the figures, an anchor plate 30 corresponds to the upper
K5; ' and lower anchor plates 2 and 3 in the abovementioned
embodiments, and is formed into a hollow quadrilateral
25 using steel plates hdving a thickness of ¢, with -the
cross-section of each side formed into an approximately U
shape and the height h made larger than t. At each corner
"of the anchor plate 30 fixedly fitted by welding are
washers 31 made of steel plates having a thickness of 'tl,

k1o and drilled are anchor bolt holes 32 for inserting anchor



anchor plate 30 can be adequately naintai ned si nce the height

It of the

cross-section of each side of the anchor plate 30 is made | arger
than the thickness t of the steel plate. %quy fixedly fitting'the

31 at ‘each corner,

the anchor bolts (no

Shers

hown) can be passed. thrdéugh

the anchor bolt holes 32 wi th ease, and the positioning accu- racy of the
anchor bolts can be substantially inproved. 10 Fig. 18 is an
enl arged cross- seR®lt@n{BFt shaveksential part illustrating the state where

the anchor bolts are |psgrt.ed AtQ;th gatcgecTalofTol gy pltﬁLe rigihfed NSeli gy e,

of the anchor plate 30 is smaller than ‘the pitch p of
the thread 4a proanctied oplatke IMchorbe b@let:uazlelylﬁaintaimhe sinchoreipl ate 30

t he t hickness

cuts into the roolt 0
bol t 4|nt

anchor

t

e thre 4a iffic t to insert the
Ehenér‘l’éhb?e BSFE" olté"§>2°f ea‘i’ﬁl sidél g6 té?fusggg’f%e anchor

i f

bolt 4 to be til tadeel MEHIsNGaddhQapPer ttin@ni N 3GLLERGE Ofof hebOlde14. This
i nconveni ence can be elimnated by providing 20 t he washer 31 on the
anchor plate 30, Metehow?y Airddy. f1oring phgytyaskers 31| pt ‘tarﬁ"s%'éfseé'
relationshi p among, t g i CKPRSS (hoffsnblf) AUGNE plALE nih§
t hi ckness [err] of “the washer 31 :Sm?:l the pl)tch lpJthe t rea 4a ‘shoul d
preferably be sucinchhatbdler hi:l,eamereilth waye pe aequexlle Dositioriog[®roul Fi gs.

19 and 20 are plan vi il s
and fifth embodi rr?ﬁt’s°P\3§‘°

t he

| i ke nuneralgs used fon@xphamumgeamgtebl Efo HRQEL fBNLE the lBséh@afiourth

enbo-

30

15

20

.25

o

di mrent shown in Fig. 19, the anchor plate 30 is forned
part 1llustrating the state where the anchor bolts are

inserted into the anchor pli:e. in the figure, if the

thickness ¢ of.the anchor plate 30 is smaller than the.

pitch p of the thread 4a provided on the anchor bolt 4,

the anchor plate 30 cuts into the root of the thread 4a,

making 1t difficult to insert the anchor bolt 4 into the

-anchor bolt hole 32. This also causes the anchor bolt 4

to be tilted, lowering the poéitioning accuracy of the

bolt 4. This inconvenience can be eliminated by providing

the ‘washer 31 on .the anchor plate 30, as shown in Figs. 15 .

through 17. In this case, the relationship among the
thickness t of the anchor plate 30 and the thickness t; of

the . washer 31 and the pitch p of'the thread 4a should

preferably be such that (¢ + tl) > p, where t may be equal:

to tl'
"Figs. 19 and 20 are plan views illustrating anchor

plates used in a fourth and fifth embodiments of «this

invention. Like parts are indicated by like numerals used

for explaining the third embodiment. In the fourth embo-

diment 'shown in Fig. 19, the anchor piate 30 1s formed

ates. .used in. a fourth

h |
pRiEer ROLIE caR 5 Bt R iRt et ot by



20 into a hollow annul ar shape, with the washers 31 forned into a hollow

circul ar disc shape di sposed.at equal inter- vals. The cross-section of
t he anchdy pl até 30 is formed into an approximately U shape, as in the
third erﬁfodl 5 ment . In the fifth e@Odi nent showmm in Fig. 20,

the anchor plate 30 is fornmed into a cross shape, wth the anchor bolt
holes 32 drilled in‘the vicinity of the ends of the cross-shaped anchor

pl ate 30. In this emedi ﬂ'ﬂi‘dllohh&nu\llashﬂfasseas wishdthe) wilsBeadhOle formed
enbodi nents are omtted 10 because the washers nmay be omtted,

depending on the dljaﬂfé‘térh°ltll‘?f"e%1’0“b‘|lf’érf”6‘f: E\hﬂfor"ibb‘f"teg B hotavep obiyer -
Figs. 21 and 22 areyfilsan Vg rbdd-UStEadd B9 rGhehoPIALES 36589 Fdkmabxth
and sevent h-enbodi ments of this invention. Like parts are.indicated by
li ke nunerals in 15 1intot hgn apppoeimatbdylithehare, a¥hen ar'fého?hiﬁldat@"bsﬂlrn
both fi- guresg can be forned t |y . by wel di ann

exanpl e. When 5t he anchor prfat (Lapl ?QO?L é/mbo?h“rmg'g sng‘i'"ze ﬁ faf)ri ca
froma single steel pingher |;nalcs efof &ﬁtfd/@le'ﬁoj.!ftabral € EhePé\,anDEh plca&e
froma plurality of nmenbers. | an view-

is
illustrating an anchd"chPht é’°l}§ehl°’|°r‘i‘ ah ‘Hiélllf“ﬁ ’éhﬁbﬁh‘f%ﬁf‘gbif afhthe ends

I nvention, and Figs. &4:ﬂ9¢z%§s@£ _F%0§§cr§,‘%c},i£¥“eszbakerinak9melnw@ﬁlenc and
J- J, respectlvely, in he el ght h enbodi ment shown in these

figures is the sane asret heas!lextshaanl@eseiﬂertﬂ\h Fpve embgriodinne Ars ¢rnttE=hat

the anchor plate 30 integrally formed by I g ghanngl s
exanple. In thl%S enb eéa" ner%'?‘g hovs)\e"e mac’obe Mtgﬁ(ghbérg ad‘raie overl apped
at @,e corners. Thidamé oSt r:ueéaid)rpmaxkeﬂ hhcmsybq_a&d (S AP$ WD O

Figs. 21 and 22 are plan views illustrating anchor
plates used in sixth and seventh embodiments of this
invention. Like parts are indicated by like numerals in.

15 the above embodiments. The anchor plate 30 in both fi-
gures can be formed integrally by welding 'chénuels. for
example. When the ndéhur plate - is of too large a size to
be fabricated from a single steel plate, it is effective
to fabricate the anchor plate from a plurality-pf members.

20 Fig. 23 1s a plan view illustrating an ;nchor plate
used in an eighth embodiment of this invention, and Figs.

24 and 25 are cross-séctions taken along lines I-I and J-
J, respectively, in Fig. 23. The eighth emhbodiment shown
in these figures 1is the same as the sixth and seventh

25 . embodiments in that the anchor plate 30 is 1ntegr511y
formed by welding channels. for example. 1in this émbodi-
ment, however, component members are overlapped at the
corners. This construction makes it eaéy and simple to
assemble tﬁe anchor plate 30 by welding. In addition,

30 'this construction can prevent anchor bolts from cutting



assenble the anchor plate 30 by wel ding. In addition, 30 this
construction can prevent anchor bolts from cutting into the anchor

pl ate, as described earlier, and elim x e washers for preventing arghor
bolts. fromcutting into the anchor pl aw®’because the thickness of the
anchor plate 30 around the anchor bolt holes 32 can be nade larger. 5
Next, Figs. 26 and 27 are a plan view and a cross- section of the
essenti al part of ieccichehasribodpharet, 8 desicsibed/eatrioex, anByelpimdwate ng
prol onged oval -shaped pro- jecting beads 33 s shown in. both figures, on
t he conpo- nent n’é?aﬁlﬁ'? of °% K& RHENSE PIEE 56?“[ %é"'ﬁeclugtﬁtt"ﬁ 'Ic]) t°t'E§e 10

anchor plate 30 i gndWAeplAIVechdad chbecfiRikakesF knodfadcher comnrenesd
menbers thereof. Fig. 28 is a plan view illustrating an anchor plate used

in a tenth enbodi MEMndoEhe HNEhPRRME] Btesadd FrYy beoBads 14788 hss- secti-on

taken al ong J ine K-K IN@xE.' 9-?129; ulémaéncﬂ-§7 are r:ffil.plaﬁll\_lieiwnanpq th.is;g-ures
refers to a center mark;  four center marks 34 provided at |ocations

hal vi ng the di st ases1iget vween thiacegsgot bal mami ngf anokheth bembodigleas 3¢ f or

insert- ing anchor, bolts (not shqwn). The center rks 34 can be provided
when the anchor pf'é‘?seiﬁbeﬂgtr’shf"(brrrgsd', )pé?l‘a’ldoj'r"smﬁ‘égrjll"é’ﬁega°"t§h(séh%t'hec of*bol t
holes 32 are dril h&sting B¥addr 0] diddgshéas @ nCBONILIE 1BRF&S 34, tiid cb@pones easy
to position the anchor plate 30 by matching the center marks 34 with the

mar ker |ine indi ce¥tngBemeer@opbinthecantrer plave A okhe helgbhdy @fetBubs ab.
The shape HI t he%r?cema ehﬁ?’er !503#_? g'm)iigfaz%%c@ﬂ& %%e t.hictkqx\@‘g q: tolgetl%pSI de’-

contrary to the shape shown.in
component members thereof. .- - W/

Fig. 28 is a plan view illusgrating an anchor plate

used ;n a tenth embpdiment of this invention, and Fig. 29

is a cfoss-séction taken along line K-K in Fig. 29. Nume-~

15 . ral 34 in both figures refers to a center mark; four
center marks 34 provided at locations halving the distance
between the two adjoining anchor bolt holes 32 for insert-

ing anchor bolts (not shbwn). The center marks 34 can be
provided when the anchor plate 30 is formed, gnd/or. when
20 the anchor bolt holes 32 are drilled. By pr&viding these
center marks 34, it becomes éaéy to position the anchor
plate 30 by matching the center marks 34 with the marker \;J-
line indicating the.column center provided on the concrete

subslab. The shape of the center'mark 34 may be concave ;

25 toward the upside, contrary to the shape shown in Fig. 29,
and - the cross-gectional shape thereof may be freely se-
lected. Aside from the shabe.mentioned above, the center
mark 34 may be provided by a punch or by marking.

Although  the above embodiments emploj the anchor

30 plate 30 made of steel plate, the anchor plate 30 madé of



and the cross-sectional shape thereof nmay be freely se- |ected. Asi de
fromthe shape nentioned above, the center mark 34 may be provided by a
punch or=by marking. Although, the above enbodi ments enpl oy the anchor 30
pl ate 3% made of steel plate, the anchor pB&e 30 made of ot her
structural materials than steel, including non-ferrous materials and wll
have the sapkhedvstraptyiraihemptorialsd ghamestéepe dhalvdling hoenpEervods
may be ot her shapes than the quadrilateral, circular, cross shapes

described ahovérialdhén® w1lfrt&'i1% the! é&l@é' 2P EREad ) Cehd §r69bc‘tbﬁ‘ bednko

a U-shape, but may be a hollow square cylindrical,” holl ow cyI I hdri cal = or
any ot her geonetri hape | ong as the hei g anchor ate can
e mde | arQERBENSF 1 FBS: ARG cBLaBR (3o B8y e ctheicsRs0g” S
Washers provided around the anchor bolt holes 10 32 rray be omtted as

necessary. {iadrihatebale (mnsrzulmt.l oprosbe shapgks descirdbed habopeat e The
having a predeternined rigidity can be reduced substant lally, resulting in

the egse ﬁg-aEQH:EQnal shi a%ﬁ%?b% fst fﬁL tt.réeftwna C?gagsﬁucebahe

t hi ckness o e conmponent ne ers e anc or plate, I'hg to
reduced manufacturing costs. Figures 30 and 31 are_a front_ view and a plan
vi ew of thePBEsBRt Balhlkqw o‘Fq‘E%’éeaﬁzﬁdeFFﬁﬂ%' ubedloy sylindrigal or any
enbodi ment of this invention. In Figure 30, slots 39 extending in the
vertical disehérogeameticaldathapen sdclongi ast yhel helightperofntse 28nchowf
t he support nmenbers 26 so as to permt bolts 40 to be passed through.

Wth thi f, I
_thcaﬁl s ogf H"eﬁg an%h AR e Ynd e 2 fUQRBrI:oHBBhshé

U/
members thereof. Washers provided around the anchor bolt holes

10 32 may be omitted as necessary.
With the above construction, the weight of the encher plajl:e
30 having a predetermined rigidity can be reduced substantially,
resulting in- the ease of handlling.. In addltion, this
construction can reduce the thickness of the component members
15 of lthe anchor plate, leading to reduced manufacturing costs.
O Figures 30 and 31 are a front view and a plan view of the
essential part of the anchor frame used in en eleventh embodiment -
of this inven'l;ion. In Figure 30, slots 39 extending in the
vertical directien afe provided 'in the vicinity of the upper ends
20 .of the support members 26 so as to perm.it bolts 40 to be passed
through. With tﬁie .const.ruction, the top sﬁrface of the
horizontal support members 29 can l:e levelled and anchor bolts

(not shown) can be vertically positioned since the horizontal



(not shown) can be vertically positioned since the horizontal suppor t
menbers 29 can be noved in the vertical direction. Next, in Figure 31 slots
41 and 42 are provided both on the | ower anchor plate 3 and the horlgpntal
support nenbers 29 in an ortho- gonally. ntersecting manner so as to permt
bolts 43 to be passed through. Wth t construction, the anchor bolts.
(not sgﬁé? r h V, he r
anchor brgajcﬁzgﬁggggp%g%%%%d or :&zggﬁt g#?f;" %é@é?h%gfomggognckﬁo%l ate
3 can be moved on a hori- zontal In the abovenentloned
enbodi mkht Figung %%cﬁ&Ptsbdlt ?’é‘gaﬁﬁe@%ez P§°¥é€69e6’%§‘ boRt $hend MRS,

but they can be secured at the erection site by welding, or a conblnatlon
of bot hanchépephatiées aid tthe herizontad sappert Mémbersi 2§ iheammdtho-bol t
retainer 37 is not limted to four, but 10 nay be selected

appr opr t Mg

2PPr P ABhEL Ly MtBshEt Ing RAHEE 50 WTRRETE BRSHE 4§Ob Y pacddh
frame 38 is not limted to angles, but other types of shape steels, tubes,
rodls, obhuAygbeheWidhy fhds gonsgractdion, dhe, amshor hol&s nati on of these
may be used. The support nmenbers 26 may be provided at predeterm ned

| ocati ons on the concrete subslab 7 by inserting the nenbers 26 into the
unsolidi- fied concrete 7. :



Wth the abovenentioned construction, the follow ng 20 effects can be
expected. (1) Transportation is nade quite easy since only conponent
menbers fabricated in advance to predeternmied dimen- slons at factory can
be asseffled at the construction site. 25 - (2) The accuracy of the
anchor bolt retainer 37 and -the anchor frame 38 is substantially

I nproved since vir- tually no defornmation of the frame occurs partly be-
cause of few protrudedoSor 8t Pssedethfongd thm|thgeugiirdodpmiant pesididedne,

and partly because of e 3 of PQLL AL rj,bed in
(1) above.  (3) The'm{)ggietllaogﬁirngnca{'@(gu%%tf R T R
substantially inprovedirsencehe hdowdrolaechar pdapardt caofbd mevedrmponenthomgraber s
can be joi ned together tgz boll ts and nuts, and the anchor bolts 4 can be
positioned at 5 zontal 3% sction site. (4) As the anchor frame 38 can
be installed extsremely eagil thet Uv@me st ivnedeekboatinadds,f OEhd N cusL @bit
speci al tools or cunmbersone work that have hitherto been needed, resulting
in a marked reducti oFStALPHe dfaht-sefyred by boltg andpytsy phycdbey. qangbe 32

is a per spect ive V! &Weured lalt!"ﬂ:ng %trie@gior{ QQ;S[@} %g!‘@ﬁ{ge, t e L£ebiBThahass _
metal fitting -used in a enbodinent of this invention iIs placed on a nmachin-

ing jig. In Fig. 32 tdfebethumTbasembet adf thetdiqgetOinmgedbers 35af gudase
base p| . Stq\léarEncrhaélrsggltp?'reg:illi(.)nrlarlg)7 iso;ltot limited to four, but
10 may be selected appropriately taking into account the
| numbér of anchor bolts 4. In addition, the material used
for the anchor bolt retainer 37 and the anchor frame 38 1s
not limited to angles, but other types of shape steels,

tubes, rods, or any other structural materials,  or a

15 combination of these may be used. The support members 26
may be provided at predetermined locations on the concrete
subslab 7 by inserting the members 26 into the unsolidi-

fied concrete 7.

With the abovementioned cons;ruction. thg following
20 effects can be expected.

(1) Transportation is made quite easy since only component
members fabricated in advance to predetermined dimen-
sions at factory can be assembled at the construction
site.

25 (2) The accuracy of the anchor bolt retainer 37 and - the
anchor fraﬁe 38 is substantially improved since vir-
tually no deformation of the frame occurs partly bhe-
cause of few protruded portions on the frame, unlike
the conventional one, and partly because of the ease

30 of transportation as described in (1) above.



the base plate 12 provided are thick portions at the four corners thereof.

The raised portion 13 is a square pro- jeCtI ng rimto which the

steel -frame col unm (not shown) is join As is evident fromFig. 32

mar ks .45 are provi ded 20 in advanc® ~on the central points of tWe

sides” of the square base plate 12. The mark 45 indicated in the figure is

a linear projection, but the colum base netal fitting 10 of this invention

isnot limted to(tlbn'sheshapei,:mdng hecrarksy 4% twmancher dfolas gpotisshaped

projection, groove, recess or any other sha g’eig Simlar ‘marks 46
Pd

are provided in advan%‘bbsdﬁ“f?l?aué’eﬁ‘l'?‘ﬁ"eﬂo?’rﬂ? &pe i e¥ 8f P*He’ - 8fuare

rai sed portion 13. TOgpdl@ipster@Nabt¥erROLin Ml §81du RBgddiRr 69! WHicsbase
metal fitting 10 having these marks 45, the colum base 30 nmet al

fitting 10 is fjrst picadtdn @#ndathd mnﬁgo’j ibglay ‘ofcan bey negdkignedt ab|

having a center-alig ch as an NC nmachi ne tool. The
machi ni ng jlé, 47 cong'%'{s)e?eg%/ht gge 48 and 49, both extending in the X-Y

direction and havitay Lentae dncmes £@nants &hp bé egpeeiildl yexremely hat

center 5 alignment can be automatically perfornmed by nmatchi ng t he
center lines 50 and®¥3Ptifs tHPerRels gy Reed £ all \fax theyze afictpscialg) ¢

holes 15 are automatic@liky POSichhpdedneN wddiethdd ChavRON1iRBSto 445«-.@& the
corners of the base plate 12, using an indexing device, and drilled.

In this way, the 10 need,anchcnesmmns 1ot gmarked reghuchion rmlchhﬂedlanmthout
Fig. 33 islg per spec |ve ¥| ew | Ilustratl ng the state where the colum base
nmetal fitting 10, the St 8Er?

Fig. 32 1s a perspective view illustrating the Q_)

state where the column base metal Eitting used in a hwe“th

- embodiment gf this invention is placed on a machin;

_ing jig. 1In Fig. 32, the column-bése metal fitting 10 has

15 a square base plate 12 and a square raised portion 13. On
the base plate 12 provided are thick pbrtions at the foﬁr’
corners thereof. The raised portion 13 is a square pro-
Jecting rim to which the steel-frame column (not shown) is
Joined. As is evident Efom Fig.31 , marks 45 are provided

20 in advance .on the central points of the side# of the
square base plate 12. The mark 45 indicated in the figure

is a linear projection, ‘but the column base metal fitting \b)

10 of this invention is not limited to this shape, and the

marks 45 may be of a spot-shaped projection, groove,

25 recess or any other shape. Similar marks 46 are provided
in advance 6n' the central points of the sides of the

square raised portion 13.
To provide anchor bolt holes 15 on the column Dbase
metal firtting 10 having these marks 45, the column base

30 metal - fitting 10 is first placed on a machining jig 47 of



columm 18 and the concrete foundation are joined together 15 in a
[err] enbodinent of this invention . In joining the steel-franme colum
18 and the colum base netal fit- t ing aén Fig.33 |ongitudinal centédr
l'i nes 52“and 53 are marked on the centers the sides of the steel-frane
colum 18, 'and the center lines 52 and 53 are natched with 20 t he
mar ks 46 on the raised portion 13. Then, the steel- frame colum 18 is
joi ned to the col um basgeadmhal tddit havithgl@ bg/nc\bel-dlfgunetmviEurthemmﬁ &n
the use of the column base netal fitting 10 shown in Fi reatly

facilitates the positi 8fiTafrdae tpol. ‘I‘Feméﬂﬁdﬂiéﬁeﬁfgoﬂ%d%fﬂs& tg of “ﬁ’l%ﬁ

is, the center lines 24 aRd455 QorhhSeQuYAD 3 nd H-It a IPIKEn Othat RBving
concrete foundation 8, as shown in Fi g. 35, and the center lines 54 and 55

are matched with the nAFREeT451bfest ha0 b‘H's'e5b& atrespectipelyisi fg t A tcoF eRer
base netal fitti ng 10 Df‘ivdnralgn[:h a%ObT( ﬂutgggyﬁtﬁ@% %gr& %S,I‘ H%ttzéhqrrha I:H\e

mar ki ng operation for proving ines on't ase p afe
rai sed portion 13 can benwdri Nnlivaiscds50 andll howgh thdé s mepkbodissent Next, the

concerned with a colum base netal fitting supporting_a colum:having a
square cross section tARInePAdplPEes g &re 2utomHicghly mAtagoned on the

ractangul ar cross sectipibk FpBreidhs 445 a@ PRS RERE Y BfVERNHakb USLREI NG ,a
colum base netal fitting used in a thirteenth enbodi nent of this

i nventi on. The col ursingase irsiexing |cten'|1ng- 1@nfadrilded. | thshlaiﬁedavalté'ed
~portion 13 for sypportjng an %%Shﬂgfd SU8€n 5 macnih&I™® WA havidgee

this enbodi nent, "t oo, ar ks
?u 6\“'\_ k\le_m&(\flna ch-c‘a-k\Qt\ a.s‘.s‘\-own [V F\a-s

~ Fig. %33. is a perspective view illustrating the state
where the column base metal fitting 10, the. steel-frame

column 18 énd the concrete foundation are joined together

15 - in a Ehﬁﬂ§¥“. embodiment of this invention . In joining
the steel-frame column'ls and the column ﬁase metal . fit-.

ting [0 in F{g.33: , longitudinal center lines 52 and 53

are marked on the centers of the sides of the steel-frame

column 18, and the center lines 52 and 53 are matched with

20 the marks 46 on the ralsed portion 13, Theh.:.the steel~-
frame column 18 1s joined to the column base metal fitting

.10 by welding, etc.

Furthermore, the'use of the column base mecal flctting

10 shown in Fig. 32 greatly facilitates the positioning on

25 the concrete foundation 8. That is, the center llues 54
and 55 of tﬁe column are first marked on the concrete
foundation 8, as shown in Fig. 33, and the center lines 54

and 55 Are matched with the marks 45 of the base plate 12.
By'using the column base metal fitting 10 having the

30 abovementioned construction, marking operation for proving



are provided in advance on:the central points of the sides of the base
plate 12 and the raised portion 13, respec- tively. Fig. 35 is a :
perspective view illustrating a colum 15 base netal fitting, usgd in a -
fourteenth enbodinment of this inve@Ton. The colum base netal fitting
10 has a round raised portion 13 for supporting a round colum, wth
mar ks 46 provided in advance on the outer periphery of the raised portion

13 at intervals oha degé@an the Wide PRAUeS 120and thé5raide@ PéModers on the
central points 'of the sides of the base plate 12, as in the above
enbodi nent. Wth tahdecohininasefon, Allboyadl [thhp rpbefirsits ieagrnseraspect ed.

(1) I'n machining w% anchgr, hol t, hol es 15 ﬂﬁci{g&g %ﬁwmiﬁ a, Solumn base

. . a__column
nmetal fitting 10, e mar?<|ng operation ca I 'm nat €d, ng to a
reduction in the mawiHgaChursquiang €sts oécdiles, collemeabasappbiad fbttd ng 10.
(2) By providing the marks 46 in advance on the raised portion 13, the
mar ki ng operdt i on<PHmY HEY Lk RnfReiRgedtar cross secdifRys of the

steel -frame colum 18 n?[‘ _34-h_eisoy3ﬁr:specnq%i_@r@umassmiaeiﬁdlwtion 13
of the colum base netal fitting 10 can be elimnated, leading to a

reduction i n manhbase meoepl tfiaciog nised bp@r'&"if&ﬁtoﬁht embosiiment fofapkiol um
18. 5 (3) Fu.r%herrggrg, en totlemgolL usnenmbasle fiigt*rpstlgl Lae_g Qn t'p_e

concrete foundati dAE AP t he "EFectIOR"sTIE, "Ehe Jt'6&1 %8 frant® c8Pumh can be
easily pOSitilonedsﬁﬁbdﬁgkﬁiﬂdagthE&on 13 for supporting an H-shaped steel-

10 frame column. In this embodiment} too, marks 45 and 46 .
arelprovided in advance én the dentral points of the sides _ \-)
of the base plate 12 and the rais;d portion 13, respec-
tively.

Fig. 3 is a perspective viéw illustrating a cqlumn_

15 base.metal fitcing used in a faurheznﬂn embodiment of this
invention. The column base metal fitting 10 has a round
raised portion 13 for supporting'a round cqlqmn, with
marks 46 provided in advance on the outer petiphery'of the
raised portion 13 at intervals of 90 degrees. The marks

20 45 are provided on the central polnts of the sides of the
base plate 12, as in the above embodiment.

With this constructlﬁn, the fbllowing effects can be g_)
expected. : : |
(1) In machining the anchor bolt holes 15 on the column

25 base metal fitting 10, the marking'operation cani  be

eliminated, leading to a reduction in the manufactur—

ing cost of the column base metal fitting“lo.
{2) By prﬁviding the marks 46 in advance on the raised

portion 13, the marking operation for indicatlng the

30 centers of the steel-frame column 18 on the outer



centers on the columm 18 provided on the concrete foundation 8 with the
mar ks 45 on the base plate 12. 10 This results in a reduction in
manhours at-“the. con- struction site. Figs. and 37 are | ongitudinal
secti on*?:‘-,éndvpart ial- Iy cross-sectional pl view of a fifteenth enbodi nment
of this invention. Like parts are indicated by |ike numerals 15 shown
in Figs. 7 and 8, In Figs. 36 and 37, the columm base netal fitting 10
is made of cast steel, perimveanplst, taadrdiasd apdraiisedl Perft £ cbBudabasg a

pl ane corresponding to the profile of the end face of the foot of the

steel - franme col um 18, P8fAlchfLEting: eb? Aanybe oretdBLB3 449 a 1923E780 o 3pase

plate 12.  On the base, phatigol2 Aahh&ifkPESr HICHOIn Q! bpdtUr§Sn (S1OknShOWN)
at | ocations corresponding to the anchor bolts 4. The projected pl ane

shape of the raised postéeddnrfrdde capdms Hé.base plate 12 is al nost a square
co- rresponding to t ross-sectional shape of the steel- 2 fYame
col uim 18. Ng'rreralcr}§6 'érr%eﬁ%?%es’ p‘r"g?/'l' LI e o o e .tiiso;r‘]'é“zfﬁrlrﬁdsto" the
correspondi ng to the cosésutetef fdundaCedt Baht NEWet akec tA@nbyigd ,ckBé NGek ¥ Ough
the colum base nmetal fit- ting 10. The steel-frame colum 18 and the
colum base netal 30  fr#met Fobpmnipean feec2fbineast ipeefety B oA fbet o

form the - abovenmenti pp@d SONSt I Yt i HlundNfb thEP1 ST bhONGA Ofodchece
central nortar pad 20 provided in advance on the concrete foundation 8.

After that, nortar 21 iSowwetiomt @ whth fthemaxXsi AStére tderease ahatthobh- by

arroy/C; lr]ﬂbhls CaseThiglqgesults in a reduction in manhours at the con-

rl

struction site. .
~ Figs. 36 and 37 are longitudinal section and partial~
ly cross-sectional plan view of a Fifteenth embodiment ofl
this invention. Like parfs are indicated by like nuﬁe;als
15 shown in Figs. 7 and 8. In Figs. 36 and 317, the column
base metal fitting 10 is made of cast steel, for example,
and has a raised portion 13 having a plane corresponding
to the'profile of the end face of the foot of the steel-
frame column 18, which is integrally formed with a flat
20 base plate 12. On the base plate 12 drilled ;re anchor
bolt holes (ﬁbt shown) at locations corresponding to the
~anchor bolts 4. The projectea plane shape of the raised
\~/ . portion 13 and the base plate 12 1is almost a square co-
rresponding: to the cross-sectional shape of the steel-
25 frame column 18, Numeral 56 are holes provided at . loca-
tions almost corresponding to the contour of the central
_mortar 20 by'plercing through the column base metal Ffit-
ting 10,
The steel-frame column 18 and the column bése metal

30 . fitting 10 are Jjoined together by welding to form the



5 nortar 21 tends to flow, as shown in Fig. 8, entrapping the air
in the neighborhood of the central nortar pad 20. Even if the air is

entrapped, - however, it can be easily«~ischarged through the hol es«56
provided on the colum base netal fitting 10. Consequently, the nortar. 21
can be 10 cast w thout hindrance, ensuring perfect adhésion of the

nortar 21 to the bottom surface, of the colum base netal fitting 10.
Thus, the cavities 2Uovageghingedi ncRigggucriemd 8n¢dhepereditioned ek Fhy. 38

is a partial cross-sectional aplan_ vi 5 -illustrating "~a_siXx
teenth enbodi nent of *¥Hi® “‘?’E@Eﬁt“. %ﬁ.prfrﬁ‘g&péf‘t 2488 ndfl cgﬁ‘édqﬁ’f’: TKe
nuneral s used in figsund@caonl 837. afddr knge 3GouaRrAl 157c4af @hbo ttheargFpoOve

provided in the same direction as the nortar casting direction C 20 and
in the horizontal df?édttBp.direshtehghesr 5w 8RB & -be bt FItAetPBn t ke

colum base nef al fhiddaR0z 14 dnlsSHEF18wBNACEREwn UQ FEEL Bhe O1QQY¥Bpim/ -
Wth this construction, as the nortar 21 is cast in the direction C, the
mortar 21 not only f%eowsirn irmhethameigBborhoodnefcrhegsenradrhdssd pré 2he

abovenentioned enbogi ments;, but _also flows into the groove 57. - The nortar
flowing i n the or oouism 85 eng 8xl € 2abr oo c' fonsifs?E i¥ Safdbe eAAE e
mortar flowing in od{hadg&fs theeaii BEe AAWBAsE IR o0d@e O tie eoluwm base
nmetal fitting 10. This prevents the air 30 from being entrapped,
ensuring perfect adbRssi 8ptabifitting 10. fiqngeaygntly.; he goreamurpracke of

5?3033' g;m bage met@lse | LitMfelRinafanY¥! S1eQupingd *L%rPQéze adfe L AG] 49 L1e
- mortar 21 to the bottomhéurface,of,the column base metal

fitting 10. Thus, the cavities 24 as shown in Figs. 7 and
8 can be eliminated.
Fig. 3¥ 4is a partial. croés-sectional plan view
15 illustrating a :§vx ‘teenth embodiment of this invention.
Like parts are indicated by like numerals vse.l n Fugs 36 and.
37. In Pig.3%., numeral 57 refers to a groove provided
. theovgn the canteal woctar pad 20
in ;he same direction as the mortar césting direction C
20 and in the horizontal direction. The holes 3; should be
provided on the column base metal fitting 10 in such a
"manner as to face the groove 57.
With this construction, aé the mortar 21 1is cast in
the direction C, the mortar 21 not on;y flows in the same
25 manner as described in the abovementioned embodiments; but
alqo flows into the groove 57. The mortar flowing in the
groove 357 passes through the groove 57 faster than the
mortar flowing in other areas, reaéhihg around the edge of
the column base metal fitting 10. This prevents the air

30 from being entrapped, ensuring perfect adhesfon of the



permts the air entrapped during the casting or flowng of the nortar 21 in
the groove 57 to be easily discharged. 5 Fig. 35. 1is a plan view
seventegrit h ~enbodi nent of this invention. ke parts are indicated by
|l i ke nuneral's used in fig 36.to 38 In Fig. 39, the central nortar 20 is
formed into an-ellipti cal planar shape in such a manner that the major

axi s of 10 the ehbiPae 241 &5 cnkMbdtendidAGLECHE Ahe &&"ﬁ:mncﬁﬁé nﬁetﬁnd
flowing of the mortar 21. Qther arrangenents are the same as with

abovenent i oned enbodi fgntsng \!\bt h Briov s 1o of r Ut ihohe iﬁhéasimlthérmvsofmrm

and the colum base netal f|t bot h no hown) are jo
t oget her aﬁd pl aced PBR™t e gile"h‘bar"ip& ‘g &"é%)“éﬁuﬁajs Jn'? ?lm"i?i s

cast in the directioncfe ...orlcartmancals@,grobm souwlsteeeempurzseﬁaztghe.
central nortar 21 alnost coincides with the f|OV\“| i nes sétm}e(n '}ﬁ oOWs 58
because the centfal nortarfigad>20i 4sfbitaa Yifto aking the Flow ai)t‘l

pl anar shape, wth 2 vcnteernbﬁ_h QI%enQXlaé? Jlﬂ%r ﬁmenq%ﬁed WxRF pat:*E axe

nortar flow ng direc encounters less fluidic’
resi stance, and the tdndidazrde h)vf 1t ke muetaks qugw i r%stahﬁbéopr-ﬁ/ent €lth

This also elimnates apping of the air B
In the seventeenth ﬁﬁb&%n?’?" cg%“ cPBELT 63& na'lsng 5‘5’3 t”ﬁ‘e"““?h

steel -frame col um 18cand phagaplsaage shapen of mhhﬁgﬁqlhuent:Qa&ejwtaalisf idet i ng
10 are forned into an al nost” square shape. However, "~ other quadrilateral,
circular or any!®ther theorfddipeal 14papdnt Rt "&'Sﬁ&‘&’r‘b%av’é‘et heastdme Sﬂ‘d

effects. . The col umf?@éﬁ\gng%al!hef lnLHJ}gzio fH%XeP ‘rJaQEMts are the same

N as with the abovementioned embodiménts.
With this construction, the SCeel-fFame column and
the column base metal fitting (both not shown) are joined

15 _ togeﬁher and placed on the central mortar ?14 20and the
mortar 21 is cast in the direction C. In this case, the -

" outside contour of the central mortar 21 almost coincides-
with the flow lines shown by arrows 58 because the central
mortar Vl&lo is formed Anto aa elliptical planar shape, with

20 the major ‘axis thereof agreéd with the morf;r floﬁing
direction. Thus, the mortar 21 encounters less fluidic
resistance, and the turbulence of the mortar flow line can

L*/ .be prevented. This also eliminates the entrapping of the
air in the mortar 21.

25 In the .sex&nkt&nﬁk embodiment, .the cross-sectional
shape of the steel-frame column 18 and the planar shape of
the column base:metal fitting 10 are formed into an almost
square shape. However, other quadrilaterai. circular or

¢ _ any other geome:ridal shape than a square have the same

30 effects. The column base metal fitting 10 may be formed



not only by cast steel but also by steel plates or other steel materi él S.
The hole 56 provided on the colum base netal fitting 10 may be of other

cross-sectional shapes than the "circular shape used in thi's -
enbodi-ment.  The 5 hori zontal thr h-gr oove 57 provided on the ~
central nor- tar 20 may be provided in nultiple nunbers. The pl anar

shape of the <central nprtar pad 20 nmay be of any desired shapes, other

than a square, or*°Ei r¥t¥aPy sthfise St e Ut it 900 PY 2 PLYTToE | 4SSt

provided, the centeal aetaiiLad 20 Iie 56 HQVLEdRNERe TNRADRN WAAEE -
contour includes a curve corres- ponding to the flow line of the nortar 21.

Wth this construmetabn fithenai 0erinthengt brthasenr asse seot tamrlbasienest al

fitting 10 and the congrete, foyndat,ion 8 during the placement of .the nortar
21 can be easil yt?]?'é-r{i'g Lir"éﬂgfgseh "% H?%‘Eg‘ﬁ‘ th'épmoﬁgg‘gg‘"'ﬁr"%\'/i de'lﬁfeon t he
colum base net abriidrtiangt Hhughhgroopeeyeniriongdédh@nuanandendrhDr Mk on of
cavities in the nortar 21. Fi 40 is a di agram illustrating the behavior

g. ,
of the rotative &PEt ™ M8H ¥F PEARIMSS di™bdd@letMIeEfe cdBEedPiiPed0

external force isRagd) &leINEIRENEBn&HIOMLFEIY p8 2oNnby HeVbily tddreli 0.
[err] is a schematic diagram of the sanme rotative distortion. In the
ei ght eent h enbodishepgs.of otk thayen-saupbs, ort hercw@irupmpehbasehest theture i s

Joined together, by introducing fo anchor hbolts 4 showo in.Figs 4l a
tensile 25 f(r)'?'é%z .tf-g %P’ {? Mos %”Ii?fﬁé%‘é% the yf“gﬁf‘p 'i&nt t her eof
in order tooobtaishc@ldlinghie rHlshapy Gulos@i dddnbulé, 1 AELLIREVD dutvEi Gorrd8- This
enbodi mrent wll be described in the follow ing. As noted earlier in the
above enbodi nent #on44fE &e| thm Elow line of the mortar 21. :

With this construction, the air existing between the e
column base metal fitting 10 and the concrete foundation 8
during the placement of the hortar'Zl can beleasily dis-
15 charged through the hole 56 provided on the column base
metal E£itting 10, thus preventing the unwanted formation
of cavities in the mortar 21.
Fig. 49 1s a diagram illustrating the behavior of the
rotative distortion of the column base structure caused by
20 external force in aneisi\Ceexltll embodiment of t.:h:is inven-
tion. Fig. 41 1s a schematic diagram of the same rotatlve.
distortion. In the eigh.teenth embodiment of this inven-
tion, the column base structure is joined together by
introducing to anchor bolts 4 shown in Fig. 4% a tensile
25 " force 0.15%0 1.2 times as large aé the yield point thereof
in order to obtain a high rotative rigidity k, as shown in
Fig. 40. This embodiment will be described in the follow-
ing.'
As noted garlier in the above embodiments, the column

30 base structure of this invention is such that the rotative



30 base structure of this invention is such that the rotative
rigidity of the colum base netal fitting 10 is so high that defornmation

~can be reduced .to a very low level, thus reducing the rotative distortion
of the %6l urm base to al nost zero. By ep@ng a predetermned tensile
force to 5 the anchor bolts 4, togeTher wth the use of a columm base

metal fitting 10 having a high rotative rigidity, the rotative rigidity of
the colum base struglp{deganoDe (RECey1dhA! VasRVak Al @de c AGCABAING ot Onigh
experinents, the behavior of the rota- 10 tive distortion of- the
col uim base structurbat o#eformrstoenwuibnemdt@aes@d Pyeextievnhevelor cehus

(bendi,ng moMent) as-  guERR BldPLLL Gdal 11029, SUNBY B 1501 dbl Gl "

Fig. 40. That is, otative rl err hase Vari es
in three different settesangerd seByioiviup 4 O)rfeﬁeterminﬁ)d)lﬂ’ttnsiae (fiomc&i go  40)

where the bottom surface | Ga of the col um net al flttln% 10 at the
location of the tehBt AMSIEMUEF boltPeethE" F Q“‘ Zfi‘el 8 &faf St Qd™F r¥aTe t he

top surface of thengonCreter figUNi@tHa9ind a R1gRClHRAe1 ) riPdIRKNt g (I N
Fig. 40) where the tensioned anchor, bolt 4 20 yi el ds; and- a
section thereafter. Thé"ridteatﬁxédihgi @ift ythiendptenredapy SETUak YRS nase Ibeng
and short dash line |Qlﬁjq .S theoretlcal val ue of the rotative
cura el eva ui -
rigidity in which t hé column’ base I's regarded as a perfect rigid body
and no tensile force is Azcordingi Bérogdeateica, thﬂxealbﬁﬁlﬂhobObf the andta-
georretrl cally expres- sed by equation (1?
tive distortion of the column base structure of this
_ embodiment caused by external for&g kbending moment) as-
-/ -
: sumes a simplified form as shown by a solid line in Fig.
40._ That is, the rotative rigidity (M/9) of the column
base varieés in three different sectioas: A section up to
15 point a (in Fig. 43) where the bottom surface i0a of the
column base metal ficting 10 at the location of the
tensioned anchor hulL—in_Fig. 4? is separated from the top
surface of the concrete foundation 8; a section up to
point b (in Fig. 4o0) where the tensioned anchor. Ulolt 4
20 | yields; and a section thereafter,

The rotative rigidity indicated by an alternate long
and short dash line in Fig. 40 is a theoretical value of
the rotative rigidity in which the column base 10 1is
regarded aé a perfect rigid body and no tensile force is

25 introduced to the anchor bolt 4, and geometrically expres-

sed by equation (1).

E'An.fz

L

where KO: rotative rigidity of column base when no tensile



K where [err] rotative rigidity of colum base when no tensile force is
introduced to anchor bolts (tmrad) 2 E: Young's nodul us of anchor bolt
(t/cmJerr] AB: total cross-sectional a Ehof t he group of teh- sior—He;d
anchor- bolts (cnferr]) 5 [er$ i stance between anchor® bolts
(cmand L: effective insertion depth of anchor bolts (cnm) The rotative
rigidity Kin the section of Q.- _a qf tha colu base ‘obtained in this case
is [err] tines as |arge as t hat °6bt <c51?Li"’n%'('jt’R/‘\?f%’é'r:le(;r?(;':°t8ﬁ'é‘l"TIer}"f’(i)'fsccel';l'"-zmcr5
i ntroduced 10 t0 anghovodnql'ESndluluasos RdkEad ad1by( e@addi on (2). In
this case, [err] 1is a spring constant ratio of the anchor bolt - 4 and the
concrete foundation 8 gifeéntHylefRasi A (! 2l 2197 °f et 86°4% °f teRhere A
effective cross-sectional ¢a58a aREnoCRBEFSt@n€)foundation (cm[err]
Ab: cross-sectional area of anchor bolt (cm[err] n: Young,s nodulus ratio
of anchor boli and concletéistaanedigtgpe®@nchor bolFsThE?')(aEMlZ) vatue is
approximately 5 [err] 6.for.. c ly used .SS41 and gt he nchor, bol ts.
So, by introducing a téhsfiféc?%g" & EHe 3?1 oroéb?)?{}'so%gfﬁtst,ﬁgm)secjtion 0
- a. . The rotative rigidity K in the section of O - a of the

column base obtained in this case is (1l +o) times ag
large as that obtained when no tgnsile force i; introduced '
10 ;o-anchor.bolts 4, as indicated by equation (2’. In thié
case, o 1is a spring constant r{tio of the anchor bolt & \-)

and the concrete foundation 8, given by equation (3).

K = (1 +R)IKy =mmmmmmmmmmnm - (2)

A
A 8 ———Ler  adcamma——a (3)
n . Ab .
15 where Ac: effective cross~sectional area of concrete

foundation (cmz)

Ayt cross-sectional area of anchor bolt (cmz),ind

n: Young's modulus ratio of anchor boié ;nd concretle
foundation

20 . The (1 .+o€) value is approximately 5 bo 6 for commonly .
used SS41 and other anchor bolts. .So. by introducing a v/
tensile " force to the anchor bolts 4 in the section 0 - a
in Fig 42, a substantially high roﬁative rigidicty can be
realized. In the section a - b in Fig. 40, however, as
25 the bottom surface l0a of the column base metal ficting 10
is separated from the top surface 8a of the concrete

foundation 8, the anchor bolts 4 are returned to the same

‘state of simple tension as in the state where no tenslile



in Fig 40. a substantially high rotative rigidity can be realized. I n
the section a - bin Fig. 40. however, as 25 the bottom surface 10a
of the columm base netal fitting 10 is sep ri%ted fromthe top surface 8a of
t he concrete foundation 8, the anchor bolt are returned to the sane

state of sinple tension as in the state where no tensile force is

i ntroduced. Thus, the rotative rigidity becones the sanme value as [err]
in equation (1), al dorte Iievvérlt!tdflanef!he rlb\y%-I the tmtSEet!{iaridOty bafzmhens t he
construction i ndust MY enk the aI I ovprl e yll . {@ngt h leve {o

base is general |y defi-hed B¢ YHPE" p0| n?"avaf’u the SRt re"ecro rﬂ"n
base. The allow alkhe 1euetl th Ameesgddioafot-ha.col um base theref ore

beconmes the [err] value (bending nmonment at which the anchaor bolt 4
yields) shown in Fig. 40.1" thsegaemargonieystie athpnaligrable gpjgtd

yield strength of thg fOlfN HASEnkScotlfh dase agdgentehglﬁ,era%rf@umsma&nt
[err] is lower than [err] the rotative rigi- dity of the colum base has to

be evaluated as K , amtlela pogndivaflne it tl\@ mimteawiuamhbgém r ot Blte vellow—

rigidity K I'n or de intain tative rigidit . on
the 15 contrary, {’Jnee 3I‘Fg‘§/a*ﬁ §“§/‘i‘bl°(§ Et? T E/GEH" (?sth‘é)&df(ﬁlfﬁ%‘n l?ﬁ%‘é"“ﬁas
to be evaluated from Wet & [ e¢4lue PPSHdIGgOmontbint 2l AN 1@HChe Bné RSB @ Wi €] d
strength. In order to assufe a high rotative rigidity and main- tain a high

al l owabl e yi el d strenyitidsdr shoumhdp Fig. nf@i nsfongeq@ntly, wippythsosskawsed
by the col um b?ée’- EQPI‘ efgrfd st:r?ll;]got"fll .gf the column base is My' and the

separating moment Ms is lower that M&. the rotative rigi-

~ dity of the column base has to be evaluated as K', and it
is difficult to maintain a high rotative rigtdity K. In
order to maintain a high rotative rigidity K, on the
15 - contrary, the allowable yield strength 6f the column base
has to be evaluated from My to Ms, posing a disadvantage;
in terms of yield strength.
In order to assure a high rotative rigidity and main-
tain a high allowable yield strength My that is intrinsi-
20 cally possessed by the column base, théréfore. Ms shouLd
be equal to My. The separating moment Ms relates to the
': - . value ' of tension introduced to the anchor bolts 4 and 1is
-/ given by equation (4).
M, ¢ Tor kb mmmommmeee e (4)
25 where T, value of tension introduced to anchor bolts

(t/cmz),tm&
£: distance between anchor bolts (cm)

The ailowable yleld strength of the column base 1is



[err] be equal to [err]. The separating nonent [err] relates to they
val ue of tension introduced to the anchor bolts 4 and is given by equation
(4). [err] 25 where To: value of t on introduced to anchor bOEEﬁ 2
[err] Jerr]: distance between anchor bolts (cm The allowable yiel’d =
strength of the columm base is given by equation (5). [err] where T :
yield tensile force of anchor bolts [err]Jand y [err]: yield stress
intensity of anchoBivti g ee¥qtdrp](3) -5 To ensure [err] therefore,
[err] should be such that [err]This is the best way to give full- play to
the perfornmance of the anchor bolts 4 in terns of both allowabl e yield
strength and rotativeg{hgﬂ § AV douentiy (5Dhe effects of introducing
tension to 10 the ™ anchor. bol'ts 4 are basically produced in a range of
Otol times the yield stress of the anchor bolts 4. It is known, however,

that the tension i @hédacedyidddt Bensw1ahosrda0bESarkios b&lwATedcd sdde drying

shri nkage and creep of t Be concrete foundation 8. 2
g;: yield stress intensity of anchor bolts (t/cm”)

L To ensure M_ = Hy. therefore, T, should be such that
T0 = Iy = 0;'AB' This is the best Qay to give full play
to the-performance of the anchor bolts 4 in terms of both
allowable yield strength and rotative rigidity.

Consequently, the effects of introducing tension to
10 the anchor bolts 4 are basically“produced in a range of 0
to 1 times the yield stress of the anchor bolts 4.
It is known, however, that the tension introduced to
the anchor bolts 4 is released by the drying shrinkage and
creep of the concrete foundation 8.

15 : Fig 42 shows the results of the anchor bolt tension

unloading test the present applicant and others conducted.
The test shpwn in Fig. .4% was conducted‘tp investi-
gate secular qhanges (the ratio of a tension.T ﬂfter the
lapse of a predetermined time to the inictially introduced
20 tension To) in the'tenslon_of the anchor bolts 4 on a test
piece (No. 5 test specimen which will be described later)
corresponding to a steel-frame column base in an actual
steel-frame bullding as shown in Figs. 4% and 4G, - which

will be described later.
25 - This test revealed that the behayior of stress rela-
xation on the anchor bolts 4 has a certain regularity in
the vicinity of the abovementioned 55 of the tenslion

introduced. ' That is..when a tension {is 1ntfoduced to the

»



15 Fig 42 shows the results of the anchor bolt tension
unl oadi ng test the present applicant and others conducted. The test shown

in Fig. . 42 was conducted to investi- gat cul ar changes (the ratio of a
tensiokrsT - after the | apse of a predetermned Tinme to the initially
i ntroduced 20 tension [err] In the tension of the anchor bolts 4 on a

test piece (No. 5testseC| n which w || bedscr dItr
corresponding to a sfB&} ‘frggg t%of ufh HESRTH® & °"" ?ualeas"'?‘é
buil ding as shown in FEhgs.a w@5k@ﬂﬂd4§freﬂ/\ﬁﬂh£&bwnkl th& depess beda)latieh 1925
This test reveal ed that the behavior of stress rela- xation on the anchor
bolts 4 has a certainscetiigeit yin APewe ‘vARYhity pppProgdmaridyentti onblyts
[err] of the tension ipgrod is N JmSuh it l@du to
t he anchor bolts 4 géléa)l ggﬁ‘gr ete %W%Jnﬁda?f%mnggearh%qgﬁ%g nor e thgn 4€e\?dléeks
old after placenent, thehEniessofr ehaxatcdhon baltst bid ithedlanse aboute 4b‘da=ys

to approxinmately 20% Thi's shows good ree nt vmthtg g(:ﬂl
anount of re- 5 t PeRt¥hrAEE DI e ‘H’r"r‘&'ﬁﬁg §°Af’"cﬁef‘h apase°(')'f t e

above period after the.plaGRIENs G\Br.t.ha. CQQEJﬁfeﬂcéd)lH}daﬁéws&ilped e¥etnd hat
is normal |y experienced by those skil gln the art. It follows fromthe
above test results thartby ap- 10 plying a tension of 1.2[err] to the
anchor bolts 4, the tensio event ua reduced 't i.d | u
1.0[err] after secul ar chgﬁgeg h""ﬁor T g“rleaall’s?(‘)'ﬁ th hgeﬁnﬁesr %\ﬁt \{’? fpthe
introduced tensy@n iSppingAt al. Adn@ibh dfN lth'birs t%nbﬂdl -anchor bolts 4, the

2? #s more

tension’ is eventually reduced to an ideal value of 1.Qp§
\~/ after secular changes. For this”reason. the upper limit
"of the introduced tension is set at 1.265 in this embodi-

- ment. o -

15 The lower 1limit of the tension introduced to the
anchor bolts 4 is set at O.ng& in this embodiment for the
following reasons. It has been confirmed by a large
number of experiment results that when the tension {intro-
duced to the anchor bolts 4 is 0, the column,bpse shows a

20 righting moment characteristic of the slip t;pe as shown
in Fig. 43.. That 1s, wherever the positive/negative pola-
rity of the bending moment generated in the cdlumn base is

K_/ - reversed, the column base tends to be subjected to a
substantial rotative distortion even in the absence_o[ a

25 large-bending moment . It is well known that this lias an
adverse effect on the superstructure.

In order to obtain a column base having a good per-
formance (a spindle-shaped righting.moment characteristic)
as shown in Fig. 44, 1t 1is essgntial to prevent the ten-

Jo sion introduced to the anchor bolts 4 from belng complete-



ment. 15 The lower [|imt of the tension introduced to the
anchor bolts 4 is set at 0.15[err] in this enbodinent for the follow ng

reasons.- It has been confirmed by & | arge nunber of expérinenti,
results that when the tension intro- du —btothe anchor bolts 4 is 0, the
col um base shows a 20, righting nonment characteristic of the slip type

as shown in Fig. 43. That is, wherever the positive/negative pola- rity of
t he bendi ng monentygditdeasedt i nlt HeascSpurth thasevhien thecredddon tiggrerol um

base tends to be | ect tantd {8 atiye di gtoptio ven in
t he absence of a gﬁé‘?& Pt%I g?%@ Qgﬁgilﬁogle%orrgnst .QL It %s wel | “knokn t@ ‘gt this
has an adverse ekbeqi ocBrésie relipedSiohUCs Whe. ahdhaor tiektd 3@ ebdaiup ateol um

base having a good per- formance (a spindl e-shapefd ri-ghti ng,gﬁr&en%
characteristic) a8PRHUWRFRIY §:-00%;° i o1 5838t APPIY PPEVEhe PR ten- 30
sion introdused tepidhe sanstidivhedte 4of (1MARQLAY HeIRkAeCof thd Yeoh £l €ased.
It was found that when the tension intro- duced to the anchor bolts 4 is

as low as 0.1 - 0cpfer fppidationoal agdrarpyoxénabedyi Br0d ¢y thet diicha¥- bolts 4
A U 10, SOOI P U8 el SETSEOTS NBITELY B0% Y, 5
8, and approxi mat el yredu@R| erwnlent hedfeits fdctoy is$ident ablabone 2 hendcrewp of the
concrete foundation 8. As i .
' 1ntrod9ced tension (stress intensity) is set at 0.110;,
10 min., the tension introduced to the anchor bolts 4 is not
completely released (with-0.080; remaining) even after the _g;)
lapse of time, and thus a good performance of the column
base as shown in Fig. 44 can be ensured.
Consequently, tﬁe lower limit of the introduced ten-
15 sion (sgress intensity) of anchor bolts is set at O.iia;
in this embodiment.
Figs. 45 and 46 are a plan view and a longitudinal
section ifllustrating a test specimen 1n1n=33h teenth embo-
diment of this 1nventi;n. The measurement rgsplts of the
20 rotative rvigidity of the column base uslné .this test
spec;men are shown in the tabla below. KO in the table is
the rotative rigidlity of .the conventional column base when \‘)
no tension 1is applied to the anchor bolts 4. K is the
rTotative rigidity of the column base according to this
25 invention where tension is applied to thé ancﬁor bolts 4.
As 1is evident from the table, the rotative rigidity K of
the column base in this embodiment is as high as 5 - 6
times the rotative rigidity KO of the conventional column
base.

30 The column base of this embodiment has a raised



a result,

(stress |ntenS|ty) is set

i ntroduced to the anchor bolts 4 is notlk

at

0. 15[err]

r emai ni=Ag) -even after the [err] |apse of
performance of the columm base as shown in Fig. 44 can be ensured.

time,

m n.

when safety factor is set at about 2 and the introduced

t he tension

and thus a good

t ensi on

letely rel eased (with O. 08[err]

.5

Consequently, the lower linmt of the introduced ten- 15 sion (stress
intensity) of anchor bolf 5 TF Set IS(ern rm tni s enfgodi ment. Figs.
45 and 46 are a plan. vi angl gloggl g 1aé, se%tionéi. Iustgrating a test
speci men i nan ei ghteenth enba-mdl { hes || Went-op.  +#The neasur enent
results of the 20 r atl e\‘r|g4d ty |ofk |the cokum bagse wusing this
test specinen-are shown i irtheftgble beloy. , [leer]| 4njtheftable is the
rotative rigidity of th gf /egt ijonal qglung taéf whenino Bension is
applied to the anchor (pckt Nt hanrqtatijvesr gldnty of the col um
base according to this 2 @ | nMention where Jtensfon {s aBplied to the
anchor bolts 4. As is iMeffT TTomtphe table,| the rotativ@ rigidity K of
the columm base in this qpojlmentu; r nighlas 9 -_6 tlngs the rotative
. . . =
rigidity [err] of the convwentiengl urm|basd. 30 m The col um
base of this enbodi nent ap—=a ra:ucd 4 i - g .1
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Z~'~~;)~ ~~~~~~~~~~~ the " 4eéerPrame Nolumn 18 o pré\rent tﬁg_~sf£3£rl~c3use'g~ti_y~~~;i')
e —— UM qweldingn. to—-the~strel-fpord cohudi? 18nftdme e@6Fexmingaseheret al

fitting 10 for |

oi nin

th teel -f .cql 18 t revent the strain
caused by wel di ngb"l“d“’ﬁh%"rgft“égl F“ﬁ éﬁ;?é%lc%gﬂgg}afsfoﬂ?% Z&fﬁ{& tlﬁe bot t om

surface 10asof the colrwém vagee piicabnfidet kARG dlumR base
portion of the colum base

t he base portion qqﬂmapﬂ by providing a slope from the base portion toward

10

15

20

25

30

- the edge portion to distribute the effects of the temsion

introduced to the anchor bblts 4 over the entire surface
of the codcrece foundation 8.

| In addition, the use of a cdluﬁn base metal fitting
10 as disclosed in J;Eanese Patent Publication No.
47§63/1976, 1364271977, 43330/1975, or 3042571981
for example, .could give full blay to the abovementioned
effects.

| As described above, since the tension (stress infen-
sity) introduced to the anchor bolts 4 is set at 0.15 -
l.io}, the performance of the anchor bolts 4 can-be fully
utilized in terms of allowable yield strength, and the
rotative rigidicy of the column base can be eyaluated at a
high value. Furthermore, a good performanée. (spindle-~
shaped righting moment characcaristic) for the posi-
tive/negative fepetitive stress (bending moment generating
in the column base) at an earthquake can also be mnain-
taiﬁed. In addition, By simplifying.the.dynamic mechanism
of the column base, the performance (rotative rigidity and
yield strength) -of the column base can be accurately
grasped, leading to increased sﬁfety of buildings.

.Fig. 47 1is a partially cross-sectional side view of

an anchor bolt assembly used in a ninteteenth embodiment of

this invention. The anchor bolt assembly consists of an

sprqctth@‘ ikase
structure is crowned by providing a slope from



t'he edge portion to distribute the effects of the tension introduced to the

anchor bolts 4 over the entire surface of the concrete foundation 8. 10

| n addition, the use of a colum base nség% fitting 10 as discl osed

in Japanese Patent Publication No. 4 /1976, 13642/1977, 43330/ 1977,

or 30425/1981 for _exanple, -could give full play to the abovenentioned

ef f ect s. ABChor bolt 4 aqaauk 6 RereHri ontaithe: upper: thseadedspParess 4Anen-
ts

v oo S RRERE RIS oR, el intont 81 s5hemetaed Polhirmnchs®oue o

2% Qv cpachfl 3b3ERe' BeyRll BEaRLhEE, Eh) | Va hat R E hiFR STACeEY"

(spi ndl e-5§hap8deb8NbAEE eagem»(%iﬂa%&féﬂéﬁa@t ey otfhﬁhgoﬁhéPﬁr bolt 4,
S endi ng nonen umm

tive/negative repetitive stres generating In € CO

b e | , ! LS .
ase) at ZfqearhhgHakepiake?'sShdia TR %1%:{@ t@ﬁ"th'e“ ndtd! Goan atn}% 59b.

sinplifying the dynam ¢ nmechani sm 25 e colum base,

performance (mHataMehbrIivdlty £ndsymlae S edUhbtepial hBatQAng ™ basRss2R
be accurately grasped, leading to increased safety of buildings. Fig. 47 is
a parti al syrengsh- <ECt onato s7de kgLmdf Moreanpedyiflicldllassssboby axsedsss a
ni net eent h enbodi nent of 30 this invention. The anchor bolt assenbly
consi st s eprrespondinghdo hifdpan, Industry StanderddodIs Ghe 1qipefor hredded
part 4a of the anchor bolt 4, a flat washer 22 interposed between the nut 6
and an obfteelpfonggenerakegtyusturagwn§R3Q CHIS G132 foxostemd bars for

concrete reinforcement), SRR40 (JIS G 3117 for rolled steel bars

~

v for concrete reinforcement), SD30, SD35, SD40 or SDS0 (JIS G 3112
for'steel bars for coﬁcrete reinforcemeht), S30C, S35C, S40c;
S45C, S50C, or S55C (JIS G 4051 for carbon steel for welded
structures). The flat washer 22 is made of a steel material for
welded structures; more specifically SMSO (JIS G 3106‘for rolléd
steel for welded structures) or SMASO (JIS G 3114 for hot-rolled
atmospherical corrosion reéisting steel for weided structures).
The outside diameter of the flat washer 22 is more than 1.73 times
as large as the outside diameter of the threaded part of the
w anchor bolt 4; and the thickness thereof is more than 0.13 times
as large as the outside diameter of the threaded part of the
anchor bolt 4. The inside diametér of the flat washer 22 should
preferably be set at somewhere between the outside diameter of the
threaded part of the anchor bolt 4 and the outside diameter
thereof plus 2 mm. The nut 6 is desired to be made of the same
material as the anchor bolt 4. |
| The nut 6 may be made of any of a steel material for general

structures or that for welded structures, such as SS41 (JIS G 3101



59b screwed onto the | ower threaded part 4b of the anchor bolt 4, and a
washer plate 5 held in place by the nuts 59a and 59b. The anchor bolt 4 is
made of a material having a tensile strength.of 50 to 70 kg/mjerr]; \fiore
specifically SS50 or SS55 correspondi to Japan Industry Standard JI'S G
3101 for rolled steel for general strudctures, SR30 (JIS G 3112 for steel

bars iy %fiéaeskébﬁg]&f%éraﬁmé%&% ?%@géoz(ﬂlg 'Gc?ds gClechars

for concrete reinforce t SD30, SD35, SD40 or 31%% f or ‘steel

bars fry1 X GEEEL I fufts bde N trucidiifes )STC.sMAUAC, (33406 3834CFo0p hoo3C
(JI'S G 4051 for carbon steel for welded structures). The flat washer 22 is

made afolled echtmoisphexid or coekdsilont r uetsiistsingror etegeci ficml | wedled (JI S
G 3106 for rolled steel for welded structures) or SMAS0 (JI'S G 3114 for

hot - r itimxttumespher Thel hedghtsiofn thes intti 6y metye dbe fabvowke| ed2 stouat uoes) .

The outside dianeter of the flat washer 22 is nore than 1.73 tines as | arge
as t h&imesiag largeas the ontsidecdiavepertobithendhpesded pant of the t he

t hi ckness thereof is nore than 0.13 tinmes as |large as the outside dianeter

of th@nghdadRlbatt of the anchor bolt 4. The inside dianeter of the flat

r
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rolled atnospheric corrosion resisting steel for welded structures).
The height of the nut 6 may be about 0.92 to 1.40 tinmes as |large as the
outsi de~di ameter of the threaded part gfsthe anchor bolt 4. Wth the above
construefion, the anchor bolt 4.can ha e a high tensile strength of 50.to
70 kg/ M2, and the use of the flat washer 22 of SM60 or SMA50 permts the
flat washer 22 to be € | ged col I g
10, ensuring a high mghggréin%i\ﬁi@ ﬁfbg s%'?sel%g?ﬁ i|Pnhlit p'?eoq&“g 1§ stie EPI%W,
the shearing force QQeme-theatetlumn basde StThes . f thmestcalring Eb&ceam d_eme—
snoothly trans- mtted to the concrete foundation 8 via the colum base 5
metal fitting 10, thd2FPat MaShers®2sl-Grpet ﬁ%l‘%i'ﬂ'cﬁ?)rcﬂj‘olbfss'%’.“ffg}‘ttlféf‘f"rbre,
the use of the flat wasbhed RAVERG cbher&RO¥BuAANILRUSH ANt ROARLEENN base
full-circle fillet welding. In this case, the use of the flat washer 22
whose outside 18 ngf aheftict ing dOnpEke (AR washsri?hesnd heheanshare baibet er -
of the threaded part ,of the anchor bolt,4, and whose thick- ness is nore
than 0.13 tines the outside dianmeter of the threaded part of the anchor
bolt 4 could cover the fmdr{hetwmgt htighease nf yhel thast wengirhhherng] ofe t he
anchor bolt 4, 15 can be seen fromthe follow ngécal cul ations._ (1)

Ful | -strength sheari ﬁ§°\}‘f SFSETIRIGP o1t eF D Lanttore Bdticterr d4f8er I
outsi de di anmet er of tthiff'adﬁ;departthe()fu@é"%liofhp(fllrat washer 22 whose outside

10 diameter is more than 1.73 times the outside diameter of
the threaded part of the ﬁhchor bolt 4, and whose thick-
\— : ness is more than 0.13 times the outside diameter of the
- threaded part of the anchor bolt 4 could cover the full-.
strength shearing yield strength'BQ of the anchor bolt 4,
15 as can be seen from the following calculations
(D) Full-strength shearing yield strength ,Q  of
anchor bolt '

f

T .2 1 2
Q.= 0.75 x —= @d¢ x = 0.95 d
B*a 4 /3 .

where d: outside diameter of threaded part of anchor bolt
20 f1= yield point of anchor bolts 2.8 t/cmz_
ij (2) Shedtlng yield strength wQa of the fillet-welded part
of the entire periphery of flat washer
£9 '
Q. = D x —— x —=— = 7.3 td
Wa Iz 3
where D: outside diameter of flat washer 2 1.73d
25 ti thickness of flat washer

f,: allowable tensile stress intensity of fillet-



2 20 [err]: yield point of anchor bolt: 2.8 t/cm (2) Shearing
yield strength [err] of the fillet-welded part of the entire periphery of
flat washer [err] where D. outside dianefer of flat washer > 1.73d 25 .-

t: thi'ckness of flat washer [err]: all |l e tensile stress intensity of
fillet- wel ded part = 3.3t/cnferr], (3) Conditions where the shearing
yield strength [err] of the fwdldet- wettded3prAcmlGf the entire periphery of
flat washer beco % ldar er than the full-strength shearing 5

yiel d strength [egﬁj PRNEARBE BBere Th& SPefbieovarid £EEBPE iy %0 of
preferred embodi nent ofe tdliiSedielded SMRNLE Ofhe RYEFe piRepndfyeoE0iYN base
is shifted sideways due to the shearing force Q exerted . onto the colum
base, the anpbunt of drapieacehesameisslargen shan Hdenfixd Inssrpegdusbeatiasi nsi de
di anmeter of the flat er 22 |ies.bet t [ side dianeter of the

t hr eaded partB of the gﬁ%ﬁorﬂ %'fgtthﬂ?tﬁ Of\,\gﬁ‘e:?hod'h?ﬁgybutsi de di aneter thereof
plus 2 nm Consequently, assumng that the height:- of one story of a
building is 3500 nm which is a generally accepted value, the story
deformation angle [err]s8btSwled by dividing the horizontal

di spl acenent [er]r of the gipgR-framgqcolum 18 20  for one story of
the building by the height H of one story is approximately 1/875, a val ue
that can satisfy the , ost 2 0.13d

.

Moreover, according to a preferred embohiment of tﬁis
10 invention, even when the column-ba;e is shifted sideways \-j
due to the shearing force Q ekerted onto the column base,
the amount of displacement is.h-mm at the maximum because
the inside diameter of the flat washer 22 lies between the
outside diameter bf the threaded part of the anchor bolt 4
15 and the outside diaméter thereof plus 2 mm. Consequently,
assuming that the height of one story of a building 1is
3500 mm, which_is a.generally,accepted value, _the story
deformation angle Y (.== d/1) obtained by di;iding the
horizontal displacement d of the steel-frame column 18
20 for qne story of the building by the height H of one story
is approxlma;ely 1/875, a value that can satisfy the Q,J
present legal standard of 17200, as shown in Figﬂ4% .
When the nut 6 is made of other material, as_ -des-
cribed above, the nut 6 has a yleld strength equal to that
25 of the anchor bolt 4. In addition, the nut 6 made of such
a material can be full-circle welded to the fiat washer
22, Although the nut 6 made of a weldable material has

low mechanical properties (in terms of yield point and



present |egal standard of 1/200, as shown in Fig.48 Wen the nut 6 is
made of other .material, as des- cribed above, the nut 6 has a yield _
strength:equal to that 25 of the anchor bolt 4. |In addition, the nut 6
made of-‘:-éuchi a material can be full-circle whided to the flat washer 22.

Al t hough  the nut 6 nade of a weldable material has | ow nechanical
properties (In terns ofengibé d spokmdchand the t eMSiel @as st menghh) 1.tHe - nuts 6
has a hei ghtL 1.15 - 1.75 times the height of a nut specified in-JI S and
made of the Same materii&esasha Reieci?br 2 JBitt SRS Lenat™ dh sk "gdt @t RBtve a
strength, in the thr easqﬁlg pl@J:terBDPra%Ofth@r}dlcﬂLp%’o15_ls so RALL Sone ﬁﬂy%l i
that of a JIS standard nut nade of, the sanme material as the anchor bolt 4.
Subst antiati on of thedevealaezresstds f bh|wasthyiehdedt paanigthe®Rfofing h@ther

t hreaded part of sa nut ilr]pgde %f JLhe sang, mat rai| a‘;lsastatn er?n‘guhto;ua glotf 1t0h
[err] where 'S: strengtf 6f" t N@ " fhredds 6F° 4 nut” nade’0f "the sane matef al
as the anchor bolt n: sakebeire@bial lWscade fafchbhevdiwts[err]: height, specified
by JIS, of the nut 15 p: pitch of the nut 1(2 Strength

[err] of the threaded parfusftagtinflofatie tYese wrlseeels por MFal

structures [err] wherg;§ 's::setnrgﬁ?gfah off e @nE iR A o2 Quﬁu:”ﬁg& Yt che

same material as the anchor bolt

| | . gn . g
10 . Ta" n Jp

where S: Strength_of the threads of a nut made of the
same material as the anchor bolt
n: number of threads of the nut
hn: height, specified by JIS, of the nut
15 p: pitch of the nut

(2) Strength Ta' of the threaded part of a nut made of a

steel for general structures

i
hn

\“/ where S': strength of the ;hreads of a nut_made of
20 - a steel for general structures
n': number of threads of the nut
hn': height of the nut
p: pitch of the nut (same as that of the nut in
(1) above)

25 (3) Conditions where the. strength of the threads of a nut

made of a steel for general structures becomes equal



20
threads of the nut [err]
that of the nut in (1) above) 25

the threads of a nut nmade of a steel
to that of the nut nade of the sane materi al
S/'S

a steel for general
hei ght of the nut

(3) Co

for general

structures n
pitch of the nut (sane as
ti ons where the 'streng
structures becofres “equa
as the anchor bolt [err] where
is the ratio of the ywhakd ofp@ihBt Sur @bde &dF Dhe same mac@i@DO&s

nunber of

hakt

and a nut made of a steel for general structures. Wth the comnbination
used in this enbodi - neAf<"ehiPeyalue is 1.15 - 1.75. [err] By using the
anchor bolt assenbly descri bed above, 10 and full-circle

fillet-welding the flat washer 22 to
the flat washer 22 to the nutt,65 tHe fasf=stsen

nut 6 can be prevented from | oosening. 15

anchor bol t" assenbly aswhél@scsjbed 1gbewe rak i@t alk né agledBi Ngb iMasOhjeeChabei ng

thg col um base met al

By assenblihg the

fastened and using the anchor bolt assenbly in the colum base of a

st eel -frane bui’l di ng, the,c'wc;l|b%hgae4f@cﬂ'stdmebefee<ﬁéeﬁl -d@r Dgpneral(q)
QrLgrrbitﬁqq\esbgﬂ nqgioylu%leg in this embodi-

ment, this value is 1.15 - 1.75.

The bending vyield streng

. Ty )
1.15h_ ¢ h ' & 1.75h

By

10 ~and full-circle fillet~-welding the

base metal fitting 10,

column and

the nut 6,

the anchor

and the nut 6 can be prevented from

15

By assembling the anchor bolt

above aimed at fastening an object

using the anchor bolt assembly in

steel-frame bdllding. the following

ed.

20 (1) The bending yield

strength Qa
sile strength of 50 - 70 kg/mm2
bolt, and

the anchor

strength

25 bolt can also be maidtained.)

(2) The 1loosening of

using the anchor bolt assembly described

the full-strength shearing yield strengcth Qa

bolt 4 can be maintained in the column

strength Ma
can be increased simultaneously.
can be
at the same

shearing yield strength BQa of

the anchor bolt having a

'above.
flat washer 22 to the
the flat washer 22 to
of
base,
loosening:

assembly as described

being fasteuned, and

the column base of a

effects can be expect-

and. shearing yield

(A ren-
maincatned for

time, trthe full-

the anchor

tensile

fitting 10, and

sheaanglyheLﬁLsﬁrength

[err] of the anchor bolt 4 can be “mai nt ai ned in ‘the colum base,~ and t he



strength [err] can be increased sinultaneously. [err]ten- sile strength of
50 - 70 kg/mierr] can be numintained for they @chor bolt and at the
same time the. full- strength shearing yiad strength [err] of the
‘anchor 28 bolt can also be maintained.) (2) The |oosening of

the anchor bolt havi Ng ascdeQPSh | so Sty R0t ar e pfOvitlefmierr] can be
prevented. This invention having the aforenentioned construction and

functions have the fol | owiTigsetiemitdon (WayiffethegnEtmament fomedor ob$rgrugnidror
bolt retainer can be ssenhl e t the grection site by '
transporting the corrﬁB%efn‘i"“ﬁ%%g‘ﬂ? nB‘eTg%P?"éé'Flﬁfgﬁcgg'the transport a-
tion of conponent menpes SrheaNdn&bTUE ESndliog Nt IC GUE REY Yoll t as&ARbt NG alhhebve
menbers, |eading to inproved posi- tioning accuracy of the frame or the
retainer with thd 10 assemblethhak pdier Sreqipnpetiaud® ofraRspertimsyethe few

nurber of the conponent r@ormgﬁéné nyohved, anﬂ‘igf];&ﬁiim@s gmer@unssgg%wc-

tion, interference of the anchor franme with reinforc- ing bars enbedded in
the concrete foundati on cdrnbef komponent memighsGedand Shsidies hdgh urmcubmye
structure is 'hardly subjected .to deformation due to the fl ow of concrete

during place- nent of tHE cBARFELE"E AlKABETRETS . nedG2d 8 t*DIBRIHIeE Posi-

center align the anchor BQlohgngVadcRuPigh oRCEHE @3C¥me 2} che dethifONRRCRI QR Of
t he anchor bolts to the upper anchor plate without the use of an

anchor-bolt covt?ing anchor bolts. :

(2) Because of a relatively few number of the component
members involved, and of a k}Mple overall construc-
tion, 1nterference_of the anchor framg with reinforc-
ing bars embedded in the concrete foundation can be

15 reduced.

"(3) The column base structure is hardly subjected to
deformation due to the flow of concrete during place-.
menﬁ of the concrete foundation, making it possible to
center align the anchor bolts with high accuracy. -

20 {4) Connection of. the anchor boits to the dp?er anchor
plate without the use of an anchqr—bolc coverling
sleeﬁé helps improve the anchoring accuracy of the
anchor .bolts.

—/ ' (5) By providing marks in advance on the outer periphery

25 - of the base plate of the column base metal fitting,
the marking operation for machining anchor bult holes
on the column base metal fitting can be eliminated.
This leads to reduced manufacturing cost of the column
base metal fitting. |

a0 (6) By pro&iding marks in advance on the raised portion of



sl eeve hel ps i nprove the anchoring accuracy of the anchor bolts. (5) By

provi ding nmarks in advance on the outer periphery 25 of the base

pl ate of the colum base netal fitting, the marking operation for maghjning .
anchor bolt holes on the col um base meHaf fitti ng.can be. elimnated-~ This

| eads to reduced manufacturing cost of the colum base nmetal fitting. 30

(6) By providing marks in advance on the raised portion of t he col umm
base netal fitting, the seuminnbasopetrat fdntiesd ndhreaarking cesretiaf the

steel -frame col um can be r?Jilca na];[heed LA V\elogl Plge tsb:gef:[tereagn_e];go rtrx%n(?oclaq{m to

the col um base netal fit I ' Ng. Thi's Feads 0 reddced man . hour s

in joining the steel-beasrimabkuéd.in( v¢ldihg BRe Gtekhef Sdneecbnainalkbattieon of

t he col unm base on the concrete foundation, positioning of the columm base
can be facilitated by Ri¥®hibAge ts2haf k< indi cHts Lerfs 58 EVCEE Bt he

st eel -frarrg Gol utm pr Qg{,p;qnogoi’l,gng the stegbefrag,gnggﬁ_;,,ﬁ,,foundati Qn wth the
corresponding marks provided on the base plate. This results in a reduc-

tion in manhours ak7Xx Iﬁertﬂmspnudtq'-@_mtsiitn@.té(&)tiw pf chhiedF atpmne bese ain
t hrough holes in the QFt er_ cont our, of rtion_of the colum base

. c te oundJJY% rai%Fq 9 of .
netal 15 fitthhg SOPFRE e £PPMd1L OB o ég P8nCheily  ERYpped
during casting nortar bhsd @ahhBe oA 106t NRANDBY N e Bl Mg RAG S KR WAl ddct-t | NG
and the concrete foundation. Thus, cavities caused by the entrapped air can
be corqﬂ etely ing ,the center of the steel—fra@e column provided on
‘10 the concrete foundation with the corresponding marks
provided on the base plate. ‘Th}s results in a reduc-
tion in manhours at the coﬁstrhc;ion'slte.
(8) By providing vertical cthrough holes in the outer
contour of the raised portion of the c¢olumn base metal
15 : fitting, the air 1is prevehted from being entrépped
during casting mortar into the gap between the column -
base metal fitting and the concrete foundation. Thus,
cavities caused by the entrapped air can be completely
eliminated. As a result, the mortar can _perfectly
20 . adhere to the bottom surface of the colum;.base metal
fitting, 1leading to a substantial 1mprovement'1n the
aselsmic performance required of the column base
structure,
(9) By setting the tension (stress intensity) introduced
25 te the anchor bolts to 0.15 - L.20, the allownble
.yield strength of the anchor bolts can be fully wuti-
lized, and a higher rotative rigidity of the coiumn.
base can be guaranteed.
(10) A good performance (spindle-shaped rlghting moment

30 characteristic) can be maintalned against the posli-



el i mi nat ed. As a result, the nortar can perfectly 20 adhere
to the bottom surface of the columm basé netal fitting, leading to a
substantial I'nprovement in the aselsmnic perf nce required of the colum
base stracture. (9) By setting the tension (Stress.intensity) introduced 25
to the anchor bolts to 0.15 - 1.2[err] the allowable yield strength of

the anchor bolts can be fully uti- lized, and a higher rotative rigidity of
t he col um base can be gu&uaalmdu(é.O)rebecgﬁ@d s PedslsO( B@xil@g moment gene-
(spindl e-shaped righting _ nonent ' characteristic) can be

mai nt ai ned agai nst the pased in tf‘F\fe’VlHEQa‘t‘is\?é a?e‘ﬁ‘étf’r'\'“vé’fsf?e"s%‘t'b%l ng

monent gene- rated in¢ihepgol MHpIREFEY: atnd G nhhi® R nam fRbEhGURKE{1dnh By
sinplifying the dynam c mechani sm of the colum base, the performance
(rotative rigidity and ypratd Zhe Perf"m'rcéngfmatiaf-' rigddd Y urmmdpagieldan
be accurately grasp- ed ds n e af.et Yy Of I _
(12) By inter p05|a5rs19 a fIa;m\l;\/gans‘gnte(;5l ?g Qh%)r(g%lg'?lzrg‘?%e élbzeeatc)g{;%e%r%t%h%
colum base netal fittingeandriizeloads tbhendreadedigsafiee) bistthengiindangl
shearing yield strength of 10 t he col unn base can be i‘ncreased

si mut'aneousl y. CLASM By inteppesing p flak ¥aphefr of Jerssret pet@et ol UiA

ConT"i Sing Luaright between the column base metal fitting and the nut, the
beqding yield strength and shearing yield strength of

10 the column base can be increased simutaneously.



first support menbers t d on a concrete substrate, horizonta
second support ne mm&“‘and extending 5 between the first
support nenbers, pl ate attached to the horizontal seco
support nenbers and havi ng anchor bolts th screw threads at either “end
extending vertically therefrom and an 5%ger anchor pl ate supported on the
anchorchmims, the upper and | ower anchor plates being secured to the bolts
by nuts 10 on the threaded ends of the anchor bolts, the support nenbers
and t he. anchdrase|starietuge ddreddstieeb-frane ceal wnh coxgatisimgvdpr it upper
ends of the anchor bolts projecting therefrom 2. A base structure

accor df kgst o sgppont. membershtohde omeuntedsonf a heohtretes smhstiratenber s

are enbedded in_the concrete 15 substrate. 3. - A base structureg,
accor dAPELEENERA| (FacPRAWFUPPIe members ppeuntednieRs and mxtending t he

Sﬁgg%§$gﬁs%$§L atﬁfg%?éhéén °P€L%ém§%95n&ﬁ base strgctu&ﬁ.accordlng tz any
e okB B TaE L3 Yo iR ASBdPL bieprrs, A AR NS BERLLY,
the | aypenagchgl, ohalallatoliiie o exten d@go P35 iR eagddl N0 L0

any prece |ng clarmin which ness o east -on he “upder and

| ower %mﬁ;&s hﬁcgg‘e_atpqragéﬁaéhﬁmrééu CBHe%ﬁeOfar%ﬁ@f peIReNe}y o g to

nenbers of e ¢ol um base Structure. A base structure aécor
any preggéingnal pbwerNaMbhéh plates being secured to the bolts by nuts

10 on the threaded ends of the anchor bolts, the support members and Ny
the anchor bolts being embeddedlin a concrete'-.foundation with the
upper ends of the anchor bolts projecting therefrom.

2. A base structure according to Claim 1 in which the lower
ends of the first support members are embedded in the concrete-

15 substrate.

3. A base structure according to Claim 1 in which the first
support members are fitted to the concrete substrate by fixing
bolts.

4. A base structure according_to'any preceding claim in which

20 the second support members are secured to the lower anchor plate \w)
by nuts and bolts.

5. A base structure accérding to any of claims 1 to 3 in which
the second support members are secured to the lower anchor plate
by welding.

- 25 6. A base structure according to any preceding claim in which

the thickness of at least one of the upper and lower anéhor

plates is greater than the thickness of othef component members

of the column base structure.



the thickness of at |east one of the upper or |ower anchor plates is

enl arged around anchor bolt hol es therethrough. 8. Tﬂ

according-to any preceding claimincluding 5 a base Hmm mumﬂ‘ilm
the upp&” ends of the anchor bolts by nuts t§&%on, the fitfing Having*a
base plate with a raised portion for supporting a colum. 9. - A base
structure atcordhngase €trugt8renachorfiingrke angi pmecadingectanmr énohtibh
base fitting are provided on . .the 10 outer periphery of the base fitting.

10. A basetherthickress @f dthdeastconenPs the mpner ®Y Aomexc pnghorcpiatese
vertical thyough_hole_is provided within the_outer contour of the raised
portion of t+RHeSRLREFRALAT uPFtPPﬁB°r1?°1§ Bodessthgretheo rding to any
of clains 8_to ;8 i n_whic entsal nortar S _di s?osed

t

concr et 1 obnds HBE Horigture abda i, €8 anY, pRacealng SI83% aaea}lgﬁngl
1
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to any of G,érfoR fgrlguﬁpofﬁiﬁg bhechama.pl ate of the base fitting is
formed i-n such a manner that the thickness thereof gradually 25

decreases feom the hfse PUrUcHNIRONABGorAiAgNttEt Clidim t Be imi sedcor haeRs
toward the end portion thereof, and in which the anchor bolts enbedded in
the concreipdiéatiingt the centnn1oﬁmthélbaserfattamge@xﬂeﬁrnvude¢oonedhe

after a tensile force 0.15 to 1.2
10  outer periphery of the base fitting.

\'/ 10. A base structure accordlng to Claim 8 or Claim 9 in which
at least one vertlcal through hole is provided within the outer
contour of the raised portion of the column base fitting.

11. A base structure according to any of claims 8 to 10 in which
15 a central mortar pad is disposed on the concrete foundation below
| the base fitting.
12. A base structure according to'Claim.ll.in which at least one
through groove is Qrovided on the central mortar pad.
- 13. A column base structure according to Claim 11 or Claim 12

(_O in which the central mortar pad is formed into a shape
corresponding to the flow line of mortar therearound.

14. A column base structure according to any of Claims 8 to 13

in which the bése plate of the base fittind is |

formed in such a manner that the thickness thereof gradually
25 decreases from the basé portion coming in contact with the raiséd

pqrtion toward the end portidn thereof, and in which the anchor

bolts embedded in- the concrete ° foundation in. an axially

unrestrained state are joined after a tensile force 0.15 to 1.2



CL M S ES e Vi poi nt of the anchor bolts is inparted
thereto. 15. A ' ordi'ng to any of clains 8 to 14 in which
a flat washer maammﬂlmummuumrwel ded structures is interposed befween
the base fitting andcteath huts t*he outsi di aneter and 5 t hi ckne¥% of
the flat washer are respectively-at least 1.73 tinmes and at |east 0.13

Ui mes et ieild!e sAIEIne  of Nepd NAAHSH B3itsOls! BipdRERAT thalleto and In

whi ch the an r “bolts "are ma a materi aving a tensrle strength of

50 to 18 .kg/AMpdsel Btrichaze akterlihg t6rady Sdeadrdimdts @@ HENiROPRIEAI NY
upright 10 first support nmenbers nmounted on a concrete substrate,

hori zoat glLlatewashezunadet offtaixtice I'Foit RelaedastirastapdsniisbPhtv@eposas
first support nenbers, a |ower anchor plate fixed to the second support
menber between ddid yase aeniktninqranitbredueh traut hrideel colits i de t dbametdraandf i xed
to the | ower anchor plate and an upper anchor plate- 15 supported on the
afBchor thdickneas,ofhibe flatcvaskenaregeaspectdmsdyiar LeastcdndBetimes
foundation with the anchor bolts projecting upwardly therefrom_ and the

upper amd pSwdeaghclol3pbines the Rptside diametercofoFhe Bhraadedonarte
Glaim B8 EPS/ARIRTRBEHe: BRnoR ARAFD Fhe, SRGHARC POLER AFS RGP BEI s
o O amar L v ARE Y e tfe FEERER' o 51 ERTZE KA/ BIE cnchor bol 1
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second support members mounted on and extending between the first

support members, a lower anchor plate fixed to the second support
nembers, vertically extending anchor bolts threaded at either end
and fixed to the lower anchor piate and an upper anchor plate-

15 supported on the anchor bolts, the base structure having been
embedded in a concrete foundation with the anchor bolts
projecting upwardly therefrom, and the upper and lower anchor
plates being secured to the bolts by nuts on the threaded ends
of the anchor bolts.

20 17. A base structure according to Claim 16 in which the upper o/
anchor plate is supported on the anchor bolts above the concrete |
foundation.

18. A base structure according to Ciaim_is or Claim 17 in which
the lower anchor plate is attached to the anchof bolts adjacent

25 the second support members.

19. A base structure according to any of Claims 16 to 18
including a base fitting for securement of a column secured on

the base structure by means of bolts fixed on the upper ends of

]



the anchor bolts. 20. A base structure for a steel franme col um,
substantially. as described herein with reference to anyof Figuwes—11+-t+o-42
and 44 to 48 of the acconpanying draw ngs.

S s | RO T

the anchor bolts.
20. A base strucﬁure for a steel frame column, substantially as
described herein with reference to any of Figures 11 to 42 and

44 to 48 of the accompanying drawings.




