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RATIONAL ANALYSIS OF SHEAR IN STRUCTURAL CONCRETE COLUMNS

By Minoru WAKABAYAsHI and Kozéchi MINAMI

Synopsis

Proposed in this paper is a trial to provide analytical approach to systematically know the ulti-
mate shear capacity of structural concrete columns (reinforced concrete columns, concrete encased
rolled or welded sections with solid webs, concrete encased steel tube section and others) under com-
bined state of compression, bending and shear by applying the extended additive strength theory,
which has often been discussed individually.

The analysis for the reinforced concrete columns make use of the extended additive strength
theory based upon beam and arch mechanism concept. The exact plastic solutions are expressed in
term of the magnitude of compression, the column length ratio, the amount of longitudinal and shear
reinforcements, material strength, cross-sectional dimension and others. In the case of concrete
encased steel columns, subjected to combined stresses, the extended additive strength theory is based
on the strength of reinforced concrete portion, steel portion, covered plain concrete and core plain
concrete.

Theoretical solutions are compared with about 400 test results which could be found in the more
recent literature. It will be noticed that the peak of the frequency curves of the ratio of test values
to theoretical ones lie in general somewhat above unity. In view of the scatter associated shear
failures, the proposed plastic solutions of ultimate shear capacity may be deemed satisfactory.
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Fig. 1. Classification of structural concrete columns.
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Fig. 2. Resistance mechanism of ordinary reinforced concrete columns under combined com-
pression, bending and shear.
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Fig. 3. Interaction relationships between compression and shear for beam mechanism.
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Fig. 4. Interaction relationships between compression and shear for arch mechanism.
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FrEow, —rcE, 4B g X, X, XX 350 XF) E3RMoBER (KX
XoXs BLU XoXe) K& - THRIN, CORBEN, %7 ) — MO n—g AMBEE#EH:L
BC B 55, 4 REOMMMROFERE, 2NENOMOILEOMBERE (0, ) (Table2 %
B 2V,
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(n—cmof+(g—cqoP={byTHn%/2}2 e (2.69)
ELTRDEN B,
2.4.3 n—g EMBOERIL
HIBOABRIC L - TRE NS n—g HBMRERRMLT 5 LIk~ T, BB V7 Y — MEHO n—g
FERIG o0, Fig T ICRT L5 10, —BINCREKTCERY » OEICK->T, RO 7RHICH
LTREN S,

(a) mSn<m g={Va(n+2u )T =2 —2.pe)+ 0" —n}/2
(b) mZn<ne g=M(n—m)+q

(¢) m=n<ng g=8{Ana(I—na)+n% — 1} + rpuw» D1
(d) msn<m g=8(WI1+7? =)+ rpwe» D1

(&) mZn<ns g=8{dm(I—ns) ¥ 92—~} + rpwe r D1
(f) ns<n<ne g=X(n—ne)+gs

(8) me<nsm g=WVA(n =2 )T =n+2u) 472 —1}/2

et Ly mo=—2mpm
m={Biey—N(B-yF—awrep}y/wi+(1—4sus)/2
72=28+ (714 2ppte) = 2pptt + ripws (r D1 +7)
n3=08—2,ut + rpw+ (s D1+7)
7a=8+42ppt + rpwe (- D1 —1)
n5=28+(n6—2ypt)+ 2rpt + ripw (r D1 —1)
n5={Basy+(Besy P —awzepty/wat (L +4rpe)/2

nr=142,us
i,
n JE
. g1={a~y+y(asy)—wrp}y/w—n/2
c [ —
% . gs= {ary+V(a yF—wzpoy/wz—1/2
3
E_ Ng= (ﬂ+2r#t—rﬂw‘(rpl+’7)}/23
S N
o no={n—2mt — rppwe (- D1—m)} /28
n ne aror—fasyty(acyf—wrep}y
Breay— {Brey—(Breyy—wisp}y
............ (2.53)
n ——
i Apm AW {aey+V(a~y)P—wzepe}y
n, -t q Berarz— {Basy +A(BasyP—warp}y
0 Shear
n, /<q 267 (2.58)
—n? 2 —a? 2
n o, 256 wor=a?+ % wr=a?+ By
p=r—at p=y —Bd p=y -t

Fig. 7. Schematic example of the 7-¢ interac- a=(Di+n)/2, pi=(-Di+n—1)/2
ton curves Be=(Di—n=1)/2 y=\TF7 /2 8=(1~2rpa)/2
158, LEO 1—g FEARFABBERGRE o B LS XCTIROZHHRBICERT 2HE0EA

BRI oo(=2rne/m) ((2.28)R) XV NSVEERTBAICHRILL, reeo LD KREVERZRTE
21T, (2.68)~(2. 70K, ne~ns BLU na, 7m0 ZTROKIICEBET 5L EMNNRETH %,
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(c) ¢=/2=2pus/n) N4naQ=na) 0% =} +2, Do/ e (2.73)
(d) ¢=Q/2=2me/MWIFP =42, Dieie/n e (2.74)
(e) ¢=2=2vpu/m) Wans(T=n) F 7% =} + 2, Diopr/y e 2.75)

TZiL, me=(—4pe/n)(n+2rpme)+2,Drerpr/n
n3=1/242(,D1—1)pus/n=14
ns=(1 4 pe/n)(n6—2¢ut) + 2, D1e rpas/7
na=(n—2,pt*r D1/0)/(L =4rpt/7) =5

3. #EaY Y- FEHOWIREMME

31 HBaYIU— MNEH DR

% D& AW riw WCHT 2852 7 ) — FEMO n—g HEBEE, FROETRICS &S
WTRDIAEROBKAIE Fig. 8 ITRT, WEHBBITERT 2 2, BERERTIEANT ¢ 2%
NENEDLT. HIEEOFANBRGRUAD SNESOHBHELERT, CANRREEAL SN
TOBOEE (ro=0 &, FESIUTROEHERRICRHERE X4 CLERTANBRGESEO LA
128 Grwo=2.m/7 (2.28)R) ZZNENERTRT, 7o, S EEMOAEZT CHTREEES S
BEOMIRIT = - X v b My X 2My/h Tk - TRAWHEEE Lo SICHET 3 n=0 OBAOMHE
BRI E — RBIRTRT . Y - BB XU AN AR BT OBAIIE, BIESLIUEROEL IR
R DSE T 2 DICKRBIERABERIR oo ZHAVIEATS, ZORERL, HANHIOES LT,
#if EEMROAERT THITRET 2 BA0REIGELLVC EAURENG, T/, MEOREEIL, €A
WRESRRELZEFETRORELN S, 2O &R, WY - FANMESZI 3800 sk -, i
FOA%Z 0 2 550MTHBERHEER, BoTWAETEERTIDOTHS, Licdi-C, BHOBTFRHE
EHANBEOHBNCE LT, MTEROBAD MEOMIRE My X0 2My/k (b HHE) L LTE
EINIZHAMNEREREZFBO TR LM LTI, EFORRO/MREBEINTHSEEbN S,

~
By
R =4
=

Compression
5

2rpt

~2rpt

Fig. 8. Shear strength of ordinary reinforced concrete columns.
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m

030

n =02
w005

020

1Y
0100, |
%y
03 4
q 3
0
Fig. 9. Nondimensional interaction curve bet- Fig. 10. Nondimensional interaction curve between
ween compression and shear computed bending and shear computed for variables
for variable 7. n and 7.

—F, EABRRGED, rueo IR LTOROEAICER, FANBIRICE - T, BERETL, EHD
ot LT RANREDS—ElE & 2 E0RbN. »D, Z0ERE, TANBRGRORAICLE ST
BiNL, 7—¢ MEMBICHENT, SAKBEICH LTERNIOSLBTHEMNE BB DON
3,

Fig. 9 i3, BIEEREIRN e =0.20, RAWHBRBGIRI ruw=0.05, EHMRE 0:=0.8 OEBEHY
B8 V7 ) — MO 2—g HABERERR
S RERELTRLIGOTH 5o HEBIZE ? rHt=0.2
RIFALTERE S #(=N/bsDoFo) %, Hi34IRTT w=0.05
[LHANS ¢(=Q/b+ Do Fe) %ENFNEDT, n=12 =08
o B—EEE BBG, 1 OEANEEBIRE, 10 -
HAWEREERBMT 245, 2 OIEBHROMIRI,
I BERO O L D RAMEELDO OB
TU, HoEMIICH L THAMRES—FEEE o6
& BEBIIA L, SAMBHEIEEY 2T 04
3, H ST B EAIC I U TRk
TRRBINI LB EHBD 5N B, Fig
10 13, Fig. 9 © n—g HEHHHR%E, m—g MEH q
BICEB LT, W 2 258 E LTR
LicbDTH Do HIERT/LITE—2 ¥ b
m(=M/bs DV F.) %, Hilhid WIRTTALE A Wi \Q3
H=Q/b+DeF.) HEhETT, CO m—g K \ 03
BARld, 2ETHBNEARED 2.2) A&k D m

Bsoh3 Fig. 11. Nondimensional interaction surface sho-

_ wing convex configuration for ,u;=0.2 and
m=geg e 3D e 0.05.

08

0.2

05\ 04\ 0!
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DO mEqg lORBERICOLESNTELINILODT, Licds-T, Fig 10 IORIN D FEEM 5 DOEELR
DERIL, /2 BRT LIRS, HTHEORBEANBENERELEERITH S »=0.5 OAETH,
m—g FEMRIIESICHE UTELOIRARTY, ZOEHFACH LT, #mb20idRdd i Lichs
>C, HBOBRIZMEH,SMNBICHETT S EMED LN, WD THRED Z/HREERLTO S,

X050z, Fig. 9 & Fig. 10 28 &S0 TEONT mpr=0.02. ,pp=0.05 LXKV ,0:=0.8 OgfEa v 7
) — MM D m—n—g WMEMEA Fig. 11 KRT, 2hZhOEEHIIEKT/tiigE—4 v +, EREH
BLURANHEED T, HEME LOMREZ, Fig 9 0ZhTho v ICHIET 3M%ERL, ¢ BAUTEN
2, 1 OEMWNIVEH O, Bicm BN
VR, 1 OESKE NI ORERLEE
F£bLTW3, Fig. 10 © m—n—q 18H
i, #$Hav 2 ) - Moy - E
B LA W OB ASIWEICK 5 MEE
B2 RTbOTHD, sk, MEARICE
BRINTELE2NFNOBEOMERS S
WiB SRR ARICORT OO TH D, D
BID & 3 i, Hii, BRI rme &L
TRASVEE, Wi+ A BERIRY
e E LTINSV A & 2RO m—
n—g HEMBE ORI, » OMEH0.255
0.8 DEEIKICHB VT, MEERLTED,
HAWBES ST 2581, 2Ol
RMFICIRD Z &b, Hao—o& LTHE
#Hahs,

3.2 BFWICHHFTSH m—n—q jEMH"
[i]

mr=0.20, rpn=0.05 XY ,0,=0.8
OEH V7 ) — VMO m—n—g 1BH
A Fig. 10 IR LA, £ oM ihE
ORI LT, e & rppw OEBED X
SRS H I D 0ERE LR
EPTFich~5, Fig. 123, ,0,=0.8 &
LT rpe=0.05, 0.15 5 XU0.250 2%
NIEH LT, o ZERE UIBHED, n=
0.5 itk 5 m—g HEBHIRERT 6OT
b5 FRCET BHBRBD S BT, B
BomBRE, 2=0.5 OERHIOS LI,
LSk LU THOEHOERHCHRT 55
& (UFBBICHIST 8) © m—g (¢) rut =025
wWEERDL, D, ZOMBRIIMEORIK . . . . .

Fig. 12. Nondimensional interaction curves between

ZRLTO S, BIBLIc KD, EHOR bending and shear for =05 with ,us, rpw,
RUBNC, FANHBHORRIETT S and 7 as variables.
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Ba (HAWBIEICHNT 3) K2, m—g MBMREME LY, HFBIEE ZOREBELR>TY
BT EMIDENG, LLESD, HAMBRHROMINCE 75T, m—g fHRAMRE, ARCH->T
AL, HOBBICRIET 5 MBICERY 505 S ANERGORINTE &, i BHEICHIE Y 2 R~ OBUR
BREDOIZRAWRERIESE OBIRIE, e & 1 ORBICK > TELVEER ST LMTDONE, T
Hbb, e OEINSL, »D, 1 OEBKSOEMTIE, HTHO w OEOHEMCE T, HFHE

x
i
o
o
k-

1

0.05 w o= 0.30

uy = 0.05

r

PENCEN:
o1

ue = 0.15

03

],\t = 0.25

Fig. 13. Nondimensional interaction surface computed for variables ,u; and ,up.
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WSS 2 EEICBGE U, HABRGIC X WS RBEECRINGL, T, me DEBKEL, 2
D, 1 ODEINIVEMIC LTI, #HYD rpe OFEICKH LT EBISICIIET 2 REINERET, A4
WA & 2HREMINICHT AR SEI/NED, e, TBECIET 2REERERT 2 - DIKRER
rhw 1%, e OEOBINICK LTIREINL, ¥ 97 OBEOBSICR LTREMT 2 ERINTNE, 7
B, TOLSBEAMNERFICE ZHEDRORIIL, BEOERBREEZIIMETEb0TH 2,

XD, & rpw DEICE ST, &Fa v ) — FMEHMOBRBEENSED X S KET ZhERE L
R4 Fig. 13 1RT, Fig. 13 1%, »01=0.8 Q%= v 7 ) — b MO m—n—g BBARMESE, u
Izt LCi20. 05, 0.1538 X 0%0.250D 3FEME, rpw 1T LTI 0.0, 0.05, HX0F0.30 © 3FEMICDONTRD
7HbOTHY, BFHa V7 ) — MEHMOMY « EfES LORANRELXET 2 XERFTH 3 51R$EHHR
B orpe, AR e BELUOREZ 908, 2RENORBICEDX I BHEEBLEH 2 BhERE
KL OEBINCORLIcBDTH 5,

BRI BT, EMdb oA, ERTRD S LEICBTT 21 Lichi-> TEHORBRIC K » THHOH%
ESERENE, VOWAMTHESERT 2 LERL, n—n—g BEHERSEKICEVT, O
BB EMBDONE. —F, RANERHBLILOEALD, CANBRGOBRRMSETT 3, VDhWY3
HA MBS SR B AR, £ OMBHEL, » BEMANIEZEET, »o»EEHLERXTZHAT
RUEORRETTCENRBDENE. Lichi-T, HEBRBEERTHZ D e & rpo KHLT,
ZEEXH 7 % b OWMOREE — FOREZ, » BEHHROMESERTESZELME I PICK > TT
BHCEMTE, ki, HAERAERNIOLETO, BxORERK v KT 20T~ FOREIZ, » &
[ EERT A ROMBHBMETH I EIBICL > TR D ZENTREE L LS DT, m—n—q BEH
BMEICk - T, &fFa v 7 ) - NIV OBRESES XUBEE— M2, FRNCGERETE2CE%2RLT
W3,

4. @BHav oY - MEROEAMEREICEY 5 BIFE

A5 v 7 Y — M ORANBEERICEY 2 HEBNFRIZ, 1968F0 TR ERBIC LT, &5
FRBIC BN TENMNICTISbh, BEX, »D, BESERBHNER SN TS/, EESd, REMR
HRMERICLABGa Y7 ) — PEORAMBEEREZTEV, bIBREOEBREREER LT, C
LTI, EEZLOE - OhDOER v Y — RT3 EREF EBBRERRFARHA DL LTHED
nrkgGa v 7 ) - FVERRELIRE ZERBERICH 50T, IR L@RTHOR ML RETT 2,

Fig. 14 |3, EE o0 L » THRE DN RANBIEEE T M KO ANBELET 2220
SmEEEHICE UCEHE XN ER V) - XA ERERRE, RBRARR EETREOERERT S
OCH %, ¥V —Y 1iE, XM10)ICLBbDT, HWEIZ 8 cmx8cm O/NEHABRIKL00EKEH T -
Efd L ORANOHEAREMICHT 2882 7 Y — P EHOBUSHEMEE ZRIICRIT LD TH
Bo YU —XLRXMID IcLBbDDS B, o(=4/D)=3 L LT, SAWERHLE#AILEERE L
1SRORBALBRLELDDOTH B, v ) —XMi3, XE12) KXB55DT, ¥ANMBRGL, BRI,
WS L ORTREEZERE LOKORBRA» OB INE 6D TH S, ¥ ) —XVid, @ 13) 1tk
250T, BMORRSH, SANMMSLEE XCENEEEAEYE LT, EHSKUL D& UEHET
15 - 1 R2RORBAES SHEINE DT, 2RBAE SHMOTAMBIRIC K » THESKEINI DO
Thb, BBV Y)—X1L, I, HLUVTE, W 15 cmx15 cm o PERBREMAO SN TN S,

V) =X ] QEBERLBITHER E OB EITI - - b D% Fig. 15 [RT . EE#IT, The @it
fL¥NFllig e — 2 v b m(=M/b- D*Fe), HHgS n(=N/b-DF;) BIOEAM ¢(=Q/b+DFe) %%kb
L, EMIIERES, GMIEBITEETRT. ) —X1-1 (pr=0,,0,=0) BEFH2 > 7 ) — bEMT, %
CHAMNBHBER T - FREOALZ 60T, ERNICIZHANBRELET S50 TIIMNL, BFEHEH

— 17 —



262 SUABISHIAAER H245B-1 (156.4)

Series [(Ref.10) Seriesii(Ref11) Serieslli(Ref.12) SeriesIV(Ref.13)

Shape of Test Specimen

of Column(Units,mm) and Loading Condition

Cross Section

Fig. 14. Shear test programs of ordinary reinforced concrete columns and frames performed by
the authors,

A RAFERICENT, MBCMEELEbDTH S, HBRICK 2HEBMEIT, 7=1.0 OAFBTET, W
BT & 18 > TWBDS, 2RI, SMNCOEORRER LTS, Y —X1-2 (rpue=0.1, ruu=0)
REGOARBIN DT, RANBRGNIOIDIC, BRI, IHOMEHREEINT, B
REHERSANREOR L RTOTH 5, ERICK ZHEMER, 2ENIKERICLZ bDITHENT
KEL, OV ) —XRELTROMNSHORED & D TH 505 2MEHICIE, Himick 20EMEIR 55
R, EREEHEAEBLTOAEEDNS, YY) —X1-3 (=01, rpo=0.05) [ZHEWHIEAWHHH
BRIDBOBAICHETE50TH M, 1=0.5, BXU 1=8 OBAOERENRINTHLILODT,
FERMICHBME O ARINRE BT 5 C L IZMRB 0, EBREHORAICEV T, 212RITEE
BIFERISESEE SN, v —X1-4 (=01, ;ue=01) 3, HENSBROLAMNBRGRISZD
SNTVABAITHIET DT, v —X1-3 LEMKIK, 7=20 OFEHT, MEI/ICHEORIHR
HWOETT ABRER L, 1=2.0 DTFOoEAKE, HESAMICSVTHEORANRBEORIRERT S
DOTH 2. ERICL ZMHEMFORIRI, BITICL 230 EBEDTRIFINBHERLTO AT EMFDS
h3,

AMHICER T, #Tick 2EBMER, ERICK ZHEEME L DETNSON, SANBESERT 248
BTR, HEMERMEOMRERL, 2, EEICHLTR, —E0RERROCERE, WEOHMN
HEICIE, BIZRIFISHNR SN, 2 EICRULERBICK - T8 o v 7 ) — MEMOREREZ T
BTELEMNHEING,

Fig. 16 (3, v ) —X I, OELUVICET 3 8AMREICET 2 KB{E & BT & OLOBHAHER
THDOTH 5. ANOHBRIIFHEAHIMBELTT. Cho5D YY) —XRKBVOTIR, EREHE UCRERT
LODEREINTED, EREEORNSHICRETORNED SN 508, RBRERKOKICH T 2ERES
BT & OHOFER »=1.08, [EHfF#EI3 0=0.228 L3D, HRIDBEINTOZHAMBEDHF
MRARO S OBEE LLBETHE, BOTRIFUNEEERUTVEDDEZELLTENTE S,

Fig. 17 |3, BREREFATICL I8 3 v 7 ) - VERETRLTEBINI/HR 14)~16) IWREh
ZWrEAS 25 cm X 25 cm OAFERERIKIC L B EBRBR KD, FIRTICHATE 3 29ROV TERBE LB
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(a) Series I-1
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Concrete
g =0

=0

Series I-2
Reinforced
Concrete

rut = 0.1

iy = 0

(b

-~

Serjes I-3
Reinforced
Concrete

(c

~

uy * 0.1
uw = 0.05

r
r

Series 1-4
Reinforced
Concrete
e T 0.1
My = 0.10

(d

Fig. 15. Comparison of analytical prediction with experimental results for reinforced concrete
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25F

20

Number of Tests

Series I T 1Iv

Experimental Values
Analytical Values

Fig. 16. Histogram of the ratios of experimental values (Ref 11, 12 and 13) to analytical

values.
2
Eroof  m=1m
3 o= 0.177
5
a
5 o0 -
60
40
20)
£
0 04 06 08 30 12 14 16 18

Experimental Values
Analytical Values

Fig. 17. Histogram of the ratios of experimental
values (Ref, 14, 15 and 16) to analytical
values.

FEEOHEBETR L bDTH b, REBRA 239 fRiC
WY BFEHER m=111, BEEERFEL 0=0.177 &,
WD TRIFEHISHEERT C EMBRBDONE, BB
COEREHEICATNARARKD S BT, 1894,
EHOBRKIC, CAMBBEELELLSDTH,

ZOX D13, BEHRESOEA 7 Y — MK
DRAMBEE SRR FEICK » TERBHETE
5L EHERLTD S,

Pk, FAGICK ZEBRER S BEBREHRR
CEBAERERICE - T, 2EIGRULIBIEOS
OB AR Uicds, WHE LRBRARSICEd
B EBE & BITE & O OFHEEIZ, 12121 10&5R
XN, #RED, ZOHRNIEESED CHEE
ENTOIRANREL, HOTZORD T HM
T, D, WRLARTREETIZVREET—F
BEOREICH &3 HRRIMREERT, 123,
HETERCEAF LTS, 103, HERME &M
BEEOFMEMBL 0L, HT 1Y EOEERLTD
201, BINBREHERZOLON, BRFAGIR

BEBRT 2, VbW, KRBREOTRAEEZ 2 LKKETS60TH 5.

5 arvsy—bRESEMOLANEE

5.1 BARRNEE

FROBG 2 v 7 ) — HEHORANBECET 2 Bt BY LR R IR ER L, EIGUH, B
B4, Fig 1 WRTBEPH V7 ) — 1 EBSIUHEa Y7 ) — MM EDa v 7 ) -V RE

B O# AWTRE L ERAICIBEY 5 L L ERS B
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FHEOAREM TR, $BELa V2 ) — P EOREBREIINESL, »D, FESOBEOERMBIAICK
i, e, SABEZO3EH TR, BAREROBEONENRIZEACH/FTERNI EMIWRINT
VWBDT, ARTIE, BEEHME Y7 U — F LONFICKIHEERERBAELEW T LE2BROERREL
LCEiwmewaLicd 3,

Fig. 18 23z h b OHEMENE T 2RBHG T ~ 7 ) — MEMLS, —EER & St -
AN (M, Q) 2ZFIBAORANEBEORRNZRTY, $EHGH2 Y7 ) — MO ANER
B, ROSEOEZENOBRINGGDEEZONS, T1bb, (a) HH2v 7 ) —+EFOIED
B, (b) STy ) — MBSO T —FHME (c) HBESOIRVEE, (d) #8757 v VAROH»
BDavs Y- BSOT—FEE XU (o) #E75 Y IRMOT - FEETH 5,

BELaVI ) — P EOMNBINCE AHEERANBRNC E2FRET 2L, HEMENR L #EHKEa v
7)) — MO v 2 Y — MERAMTIZ, HIBSETEICHS L BRSERINS Z LIt b, Licki-

N?EIQ

M1
N1 {101

M2
Nz(Elﬂz'

(e) Core Concrete Portion

Fig. 18. Resistance mechanism of composite columns with wide flange section combined
compression, bending and shear.
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T, TRED - BB 7 ) — MM OEANEHBEORESLEL L DM, KRTE, €OEBE
%, 2NFRREVTHIFAGHEEZHETS (2), (b), () BXU (d) OERBBICHRT 2,
AL NBC LI E TR V7 ) — NS OEHIE & 2, $B7 5 v IONBTRESH, WHEE
b BB VIVRE b ETBHE,

F=b—ygb e 6.1)

EESIEE T 2EFHMEOSKE T v 7 ) — MBS, BB Lic#kii v 7 ) — MM E LT OB
RN, SEHGo YY) — MM E LTRHINEHERARBRBICL - T, DS T — T
WhBEET B L5,

—F, BT 5 VUIE 6 2 OBINT VY — NS OEFBER, $E87 5y VUNEIHLT
AMERTICENENDESNEG TV 7 ) — b & LTOERBEERAZC LTS, TbL, $E
75 v VX OABMO—HDEHET Y7 ) — M, WhWBR Y Y FY gy FEME LTOBIBEEET 5L
BETBE, £ FTO75 v ViCETRHARAOECL > TET B EAMNI, RBLIEME ¥ £
SHBaV s ) — MEAEBUCEINS L EMBEEB S, UL, COHKMIE Y ek 3
) — MM, TCI, FHESTRHEAGHEEZNELT, B3V RBRRRECHL0T, 77~
THEmD T V7 ) — FhOIEESNERAWNICHT BEFBEHRBIN TV, LEH-T, 75 vY
MmO vy ) — M2, FhENEEC, BT« BB LURANICH UTERT 2 2 EHBELED, ¥
fo, BEBT SV ORBOER2 Y7 ) — MEAOENEST, BIMICERT 57 - FREEZ DL LIS,
15k, X3 ICRANAE - WEREFATR, C07 7 v YRBTHEINABEAROa Y2 ) —
MRk E 7T o P AR T C L ARITORIEE LTH Y, AROHPEET WV EREENICRIEEHTS
%,

BEOWIR - FHEE b OBBHEGa v 2 U — NEHOBS T V7 U — FESORANBREL LTI, (2)
L (b) DHADRICLZEDIE & 2R O8E 2 V7 ) — MEICK B RARBRED (c) & (d) Ofl

1]
+

Concrete Infilled

Steel Tube
Column
-{———}-1
r R ]
] )
+ 10 H
! 1
1
1 T )
: R
Concrete Encased
Steel Tube
[ etttk H r- pomm------ b}
' 1 ' H 1
! i ! | )
= + : + i +i IIIII i
1 H ' ' I
) ] ] ] ]
1 ] ] t
= 1 ! 1 ' '
" —— [ TP ] [T ST [ SPIPR 4
Concrete Encased Reinforced Steel Tube Covered Infilled
and Infilled Concrete Portion Concrete Concrete
Steel Tube Column Portion Portion Portion

Fig. 19. Physical model of stress transfer of composite columns with steel tube.
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Fig. 23. Histogram of the ratios of experimental values (Ref. 17, 18, and 19) to analytical
values.
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Fig. 24. Summary of comparison of ultimate shear with calculated shear strength for structural
concrete columns.
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