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and Yasuyoshi M1YAUCHI

Synopsis

This experimental study is made to investigate the effect of diagonal reinforcement arrangement
on the seismic resistance of reinforced concrete columns having conventional parallel reinforcement
and diagonal reinforcement. Variables chosen for experiments are diagonal reinforcement ratio
B, which is the ratio of the amount of diagonal tension reinforcement to that of total tension rein-
forcement.

It is noted that the load carrying capacity and energy dissipation capacity of columns increases
with the increase of the diagonal reinforcement ratio without adding extra amount of shear rein-
forcement, and that the columns with the diagonal reinforcement ratio 8 being 0.6 have the satisfac-
tory seismic performance. It is additionally shown that the analysis for ultimate strength of columns
with mixed use of conventional parallel and diagonal reinforcement make use of the so-called
extended additive strength theory based upon the beam, arch and truss mechanism concept. It is
recognized that the ultimate strength of columns can be estimated with a sufficient accuracy by the
analysis.
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Fig. 2, Principal dimensions of cross sections (Units; mm).
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Fig. 3. Principal dimensions and reinforcement details (Units; mm).
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Table 1. Dimensions of specimens and mechanical properties of materials.

Dimensions (mm) Mechanical Properties (kg/cm?)
sl E ]l E ] an Meromand reemend forcement| Concrete
. EZ | EE | g2 £% £S5 | (Do) | (D13) | ($4.5)
Specimens | 22 | ZX | 28E 228 | B8 | vied | vield | vied | Ultimate
© © ;E = ;E < o= St’rc;ess Stlfess Stlreess C0'§t€;§ZSive
b D b 7D Y] 70y 10y rwOy Fe
p-324M | 151 151 100 | 105 449 284
3-324M | 152 150 9 107 451 320
6-324M | 151 150 01 © 105 5o | 482 3332 2680 311
X-324M | 151 150 102 | 9% 451 i 309
P-324R | 151 150 | 100 | 105 | 450 304
3-324R 151 150 99 103 | 451 330
6324 | 151 | 151 . 101 | 102 451 | ¥ 3332 2680 312
X-324R | 151 151 | 102 | 103 @ 450 278

*) Specimens were named as follows.
EX) 6 —3 2 4M

O-—-0000
‘ { M: Monotonic Loading

R : Repeated Loading

I—— Web Reinforcement Ratio, ;pw
4: ,pu=0.42%
——— Axial Compression
2: N/No=0.2
N : Axial Compression
{ M Yield Load in Centrally Loaded

— Column Length Ratio
3: n=k/D=3
4 : Column Length
{ D: Column Depth

——~> Experimental Variable
P: B=0
3: B=0.36
6 : B=0.62
X: B=1.0
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Fig. 4. Loading apparatus.
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Photo. 2. Test specimens after test.
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B=0 B=0.36 B=0.62 B=1.0

Monotonic Loading

Repeated Loading

3324R

Fig. 7. Crack observation.
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Table 2. Measured strength. (Units; &: 10~%rad., @: ton)

Splitting Crack

@ Splitting Crack . .
£ F o WO e S
{i‘: 3 Rpy, Qr. | Rsp Qsp | Rsp Qsp | Ropr Qpr | Rmax  Qmas
P-324M 0.09 350 0.24 549 — — | 042 628] L24 701
3-324M o1 403 175 88| 040 662| 0.70 814| L32 967
g-2am | MoPOwORic o yp 450 — — 1] 043 69| 1,27 105 | 1.96 1L2
X-324M 0.08 3.9 — —] 032 68| 0.61 861 L9 1L7
p.aoag | Positive | 0.13 399 0.49 7.06| — —7 040 677 049 7.06
Negative |—0.06 —2.97 |—0.49 —6.34 | — — =0.32 —5.72 —0.49 —6.34
3.304r | Positive | 0.10 3,97 | 150 87| 0.39 655 0.39 65 1,00 898
Negative |—0.25 —4,96 | — — |—0.35 ~5.46 |~0.35 —5.46 |~0.99 —7.54
6.324R | Positive | 0.23 500 | 1 0.3 645|050 7.22| L5l 103
Negative |—0.15 —3.99 0,52 —6.97 |—0.33 —5.99 |-153 —872
X.3p4R | Positive | 017 3.99 | _ | 041 62| 063 7.47| 151 10,4
Negative |—0,13 —3,99 —0.47 —6.721 ~ — |—2.02 —10,1
R=2.5%10"rad. {E Tk 75 BEET O
BgsENShe, 2OREELT 34m 12 O u T2UM
TRT &S KRS ERHORRERRNEZ goro s >owene.  (Diagonal only)
bh, SRMPERBOFKERRENLT | il e

BIDOFHEEARRT 5 L EBX RGO
BUAEEXOICHLEXEZ I DIIHETHS
EEbh b,

(2) < iR UFyEE

=0 ORBAKOBREMBRI, FH a7
Y — MR B 1 3BT A NBIEOY:
ZRLTVD, bbb, {HRLEFEIKEL
BREETHAEL, &, BREERKIT
DOERBERICE Y 2 BEMBRIIZIZHEL T
b5, ZhBOBEERICENTE, &
AIRIB OB ICEOEMIRIBD/NE ORET
DOEFMROAENSE LRI, #SFR
DBEHEEERLTVE, ChitdLT, X
FEGHSHEINCRRKICBOTII, B
TEER & FRICH D ERHORLERRICK
BREETHEONDY, B OENSKELN
IR, BABEIRMAL, hOR—EM

\ 6-324M
(B=062)

PAUM e,
(Parallel only)
'ﬁ Maximum Strength

v Diagonal Tension Cracking

v Split Cracking along
Diagonal Reinforcement

v Split Cracking along
Paratlel Reintorcement

0

1 2 3 4 5
R(1072rad))

Fig. 8. Load-deflection relationships for monotonic

loading.
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Fig. 9. Ioad-deflection relationships for repeated loading.
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—HBURROK X VELWMBHHICE S T
EWRD SN, XBEFHIHF Y 7 ) - P EOMBEUEE M LS HEE LTBDTAYTH LT Ent
R&NB,

3.4 BHBIUEEHOVT HEHBRR

Fig. 13 8L U Fig. 14 it, HlEs LU 0E LRTERICS Y 28 ABKOEHO O T AERBIRRE
Y. MEIFEHOVTHES, HEEHSHAZTRL, BREMERRL D ROIEGOBRD T AE
TRTe o, V., VHIREATNAHHBOTOIS LUREHD OO hOREREED T,

B=0 DEBRATIR, FMRNOULIRERICOTAERABICHA LTV 32, BREIIGELTHE
Vo ZOFERE LT, HEARMBORTICX D EHICL 3 AOHESRSTHCRETE S bt
EDBELOND, THICHUT, XEESHZELLRBREATIR, SOEREHICE -0 UbhORE - Rk
CHRBORHOOTAESBIICERL, BRIEIGEL TV S, Chid, S5O EEEIcd 55
HRICELBDDLEEZONS, Tz, MIRHOEHOVTHER, B=0 ORBRAKICHL LTI WVEZRL,
BRIV CONREOFHSEET EHARNINE 2T B, 20T E LD, EH2ADICEET S
T LI L DFDFHHHI R ABHERBEL 20, BEOFTHEEHBIT V2 1 — ol 384N
EHBEORETREEANNBBRIN TV BT EMREND,

Fig. 15 [C BRI HBRICE T 2 R RBREOMD B OV T BRI AT T, B EEHaERL,
—EERRBERBE LIRS TE AERLEREEEDT,

B=0.36 X U0.620RBRATIZ, BARBERICHDERY, ADBEHELICBRLTHNS, LALE
o, REETHCEALTTOMNDERHOVTHESAMITHALTED, BEETICH LTADER
BORZERZPFEECERL TR LMD ONE, CHICELT, B=10 ORBADRIREDD
FTHERBKBEEUHEZRLTOE, Chid, SMIOHDEREGHSSHICHE LT A0, SHNEY

— 11 —



AP BIFFES 245 B-1 (156.4)

212
~[w
0.2| STRAIN(%) p— 02| STRAINGR)
—— W2
Specimen P-324M | W3 Specimen 3-324M
——|ws v
o1
i R0107ng)
1 i T 3
0.2} STRAINGH) 0.2 STRAIN (%)
Specimen 6-324M Specimen X-324M
3
w2
01 [:3]
w1l
W4 we
w1
AuOTag) R
2 3 0 1 2 3

Fig-13. Relationships between strain of web reinforcement and deflection for

monotonic loading.
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Fig. 14. Relationships between strain of web reinforcement and deflection for
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Fig. 15. Relationships between strain of diagonal
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"? Maximum Strength

— Monotonic Loading Qc/bDFe
~--- Repeated Loading
-

Maximum Strength
Diagonal Tension Crack

) R(10%rad) R(1072rag )
0 1 2 3 &4 5 0 1 2 3
Fig. 16. Ratio of shear carried by diagonal Fig. 17. Shear carried by concrete and
reinforcement to total shear. conventional reinforcement.
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(c) Truss Mechanism
(Diagonally reinforcement only)

Fig. 18. Shear resistant mechanism of diagonally reinforced concrete.
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BIIDEE () &, b—ob DIRZHDa Y7 ) - MESTHERINE T —FHE O KX-THERIhE &
REL, ENZFhOBEHBEORNFACTEERERTIHREE LT, BROBBICKS (M, o, Q) &
U7 —FBBEICE B (M, oV, Q) PIREIND L, HMELTORE (M, N, Q) i3 GM+oM, sN+a,
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N, BHEESHELEET S b 7 ABMOREL (M, oV, Q) &T 5 &, XHESHEFITEHVOER X
Nicgkfa v ) — MEOWRE (M, N, Q) 13, HRBIGHREERICS LSV,

M= M+ oM+ M

N=yN +aN+aV

Q=10 + Q0 +4@Q

EBZBTENTED, KL, KRTRMECERT 0B XCRARBESHOREILHS0DT,
M/Q=sM/sQ=0M/eQ=aM/iQ=1/2

OBEMSRIL, ZhENOHAKERBEIC L 3 TANBE S KU E LTORAWRER, #hmh
LOMBBOALER LU THRET 3L EMBTEL, 15k, BOBHE, 7T-FREBSI0 b5 RBIICHLT
EFNFNOBRESEMTE BREY LICBRERSELE 0L L, BRHETHZ 37 ) — HERER
B R 2R 7ok 2 RERETZ, SFRIERRRICHEEZ R 2 $3IRS 2V IREROMRET 24
U3bDET 5, i, MARNREMNIEZIELT 2,

5.2 HERRIMAEIRROEA

XIWEH & FITRGSHEIN G882 v 7 ) — MBMORANERERL, MRORVEE, 7—F8#s
JURDHICL D + 7 ABBICE LT, £NENORBRERICE W 5 MAT/bi)) & \RT L EABITIC
E BHEHER /6 59)=0, of(an, og)=0 BX af(am 49)=0 KW, ZNENOBEICD &3O TH
RRINREFERATEA LT, BHELTORE
BEHICE T BT LEERER f(n ¢)=0 Reinforced
(FeF2 L, m=sitantam =vp+etta) K Concrete

N N Having

BB ERE-THEONS, Fig. 19 iR Paraltel
ISR ER OB ICET 5 BERRERT, rel Reinforcement
12, BOBEET - FHEDOREICSESNT
Bohd, BHEOSHT Y7 ) — MEMOD ken ng
—reg FEIEEIERE, o RXFERHICLSE P52 ny
BEOBEICS ESNTELOND an—ag HE
HisR%, $7c, 7 RXTUE SETRSOHR Ng

Compression
333
o

SNBEGT V2 ) — MEHO n—g FBIHE _ —Eq.6
. R Diagonal

2ENENFEDLTO D, re! #HA 5 Ren— Ns Reinforcement

reg AEHEAOEITRR, R 8) KRdh Only 4

TOBH, XHRGICET? m—a HEFE D Eq.5

: n

Al LH Shear

d4g=+tan B+ gnF24ps+sin § n
THEZoh3b, ChoOHEAERICS &30 no
TLERD~27 rAVROFEEBR L, XEEH
EETEHBA SN BHE T v 7 ) — FEH Fig. 19. Method of superposition.
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O n—q HEHRD 5V n—g HEIBALELZCLNTE S,

5.3 n-qigpaAEEt

n—q HBEHRERR, fERERTIET] » OREZILL->T D—AD Ric k- THZ G5,
(a) m=a<m  g= {NA(n+2pu:+2qpsecos )1 —n—2pus — 2qus=cos ) +n>—nq} /2 -+
(b)) mZn<nm g=tan 0{(n+2pu; +24us+cos 8)+ yesin §—1/2} +yecos —n/2 «eveeeeree
(¢) mSa<ny  g={NA(nt2pm)1—n—2pums) Fn2~n}/2+2apesin @ coeeeenne
(d) msn<n g=Ai(n—n3)+gs+2gpeesind e
() msn<ns  ¢=8{dnsl—rna)FP—n} +rpwe rDit2apeesin @ e
(f) ms=n<ms  g=8W1+%2 — 1)+ rpwe D1+ 2apsesin 6

(g) msn<ny g=8{y4n(1—np)+n2 =} + rpa* y D1 +2aps+5in 8
(h) mSn<ng g =Ao(n— ng)+gs+2q4us+sin 6

(1) m<Sn<ng  g={NAn—2ppu:) 1 —n42ppe) T 02 —7} /24 2apeesin @ coevveenns
() m=n<mo g=—tan6{(n—2pus—2qp;+c0s 6)—y+sin §—1/2} +yecos f—n/2 cooeerere
(k) mo<nsny  g= (NE{(n—2pus — 2ams+cos ) (1 — 2+ 2 pjas + 2apue ~COS O) 12 —n} /2 wooonv

LT, no=—2ppus—2qusscos
n=1/2—yesin §—~2pu; —24us+cos 8
n2=1/2—1yesin 6 —2pu;
m={Broy—V(Brey)F —wiep}y/on+(1—4pus)/2
n4=28(n3+2ppe) — 2 ppae + pplr D1 +1)
n5=8—2pus + rpu(rDi+1)
n6=8+2pps + rppu(r D1—17)
n7=28(ns— 2 pjae) + 2 ppit + rprur Di—)
ng=1/2+yesin 6+2pp;

n10=1/2+ yesin 04 2pu;s +24us+cos §
1y =1+2pps+2qus+cos 8

go={ary+V{a-yF =wzepe } y/wr—/2
na={n+2pp:— rpru(y Di +7)}/28
ny=A{n—2ppt— rpu(rD1 —7)} /28
| e {aryt Wy —awiep}y
Buron—{Biey—N(Bisy)2—wiep}y
aro—{asy+(ay¥—wrp}ty
Becwr— {Baey+N(Beey)T—awrzep}ty

g =

wi=a?+ B, wz=a?+ B,

p=y'—a’, pr=y"—p, po=y"— B,
a=(Di+n)/2,  Bi=(Di+9-1)/2, B=(-Di—1-1)/2,
y=vI+t7/2 8=(1-2,u4)/2,

n=N/bDoFy  g=Q/bsDeF,
722U, LEO n—g HEFERE, SANERGRK e ETESHO EE XU THOFEHD, ks
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KRR T BB A D AWTHRBIRE rtoo(=2ps/1) KONIVEZRTBEIHILL, oo LOKEVE
BRTEARIE, O)~) R, m~m BIO na, mo ZRADL D ICEET E T EBBETH 5.

(&) msnsns  g=(1/2—2pus/n) WEnal—na)+# —n} +2:Dre ppre/n+2apsosin @ oo ©

(1) ms=n=ns  q=(1/2=2pp:/) (NI =1} +2, D10 pue/m+ 2apeesing  cooeeveenes 6y

(8) msn<m  g=(1/2—2pps/n) WAns(L=ns)Fn? —n} +2rDro pus/n+2apeesin g -oooo- @

na=—dppe/n)(na+2ppe) +2r D1 par/n
n5=1/2~2pp1/n+2,D1e ppus/n=1ns
ny=1~—4put/n)(ne—2pe) +2rD1* ppat /7
na={n/(n—4pue)}(n—2, D1+ pps /) =1t
5, FRCHVT, TNTOIHAEFCRGSNIBAICR, an 2EEL, BT TOEHHX
BRERGINIBAICR, m BLY wo BESCBETNE, BEL 7n—¢ HEFERZBZINT
EEN

5.4 BAMREORS

SRBREOEAMBREOERE Meas) LU LED n—g HEHFBERL DEE LRIHE (Theo) %
Table 3 ICR ¥, 72, Fig. 20 KARBKD »—¢ HEMHSERT. $8, HERZzhThERTLLE
WFEH n=N/bDF, 3B X0/Mi1 9=Q/6DF. %Hb L, &beT, BHRRRES, HESHTH
2D L, EBEE I EOMSATR . LR @IFEEORIE, 0.8055 1L.10 OREICHY, T
i, BEEEERICETL05, < DEURNERICBNT0.95L150, XYEG & FIRHNHFRING
%2y 7Y — PEMORANREESA 3 LRI TS ICERTE 3ERBELTRTOOLELD
ns,

ik, Fig. 20 BT, BIESGES LUSHRE—FL LIBAORE 7 v 7 U — MEHMOEAKA
B, X BRSBTS OEHOHATI - TEH L, B OENMITT 31 REV-AMBERHENL

Table 3. Summary of maximum strength of test and analysis.

= 8 = o
~E8lzes &8 i Axial i
% 5 g g 5 :E'; E‘; g g gi | Compression Maximum Strength
b 13 b0 = b4 =
Specimens | Loading | &€ g g"g g 5“2. g 6%" 1 —_ e
Bl Bl T g |
- : heo. Meas.
® - = Mo vyeorg M TR e
Dkt dpkt rhw n
P-324M 0, 208 0 0.040 | 2.983 17.70 0.28 7.01 6.94 1.01
3-324M M .| 0.116 ' 0,068 | 0.035| 2.999 | 19.43 0.27 9.67 9.60 1.01
6-324M | VOPOME 5070 | 0,120 | 0,036 | 2.996 | 19.00 027 | 1L2 100 108
X-324M ) 0 0,191 | (0.037)) 2,997 | 18.91 0.27 I 11,7 10.6 1. 10
’——hiPositive ! 7.06 1.0l
P-324R | Negative 0.195 0 0,037 | 2,998 | 18.67 0.27 _6.34 6.97 0.91
Positive : . 8.98 0.96
a-3R | Rositive | 0113 0.067 | 0.04| 8.007 | 1.7 0.3 | 75 938 g
Positive 10,3 1.04
6-324R Negative 0.070 | 0.119 | 0.036 | 2.991 | 19.06 0.27 ) 9.94 0. 88
Positive : 10.4 1,02
X-324R Negative 0 0,213 | (0.041)| 2.990 ‘ 17,57 0.28 | _ 10.1 10.2 0.99
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Fig. 20. Axial load-shear interaction obtained by
super position method.
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(6) XHEBHBHINCHHI V7 ) — tEOREBEEHER TS 2EVENL, HOERHOREESR
FEBERBENS B LEL SN, ABRXTED & PTRGSIHH SN EE 2 v 2 Y - FROMRERE
S LERBDI, HOERHEOAREERROBEENIET 270 0OFHREBMRT 2 LBSBETH
BLEEZOND,

L7edioT, @i v 2 ) — MERICBOT, BHREMIIE2 L EHO—PLADIEHT 2
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1) #z& 212, Paulay, T; Simulated Seismic Loading of Spandrel Beams, Journal of the Structural
Division, Vol. 97, No. ST9, Sept., 1971, pp. 2407-2419.

2) 7o&iIE, B B-H FE— 80TV Y - MEORAMBIEE LEICH T 5 R, =
REF KPRFERF22SB-1, WA54E4H, pp. 295-316.

3) fekAME, B B8 K AKEH XBESGEELRSEH Y7 ) — MESOREEERIC
BT 3 EBOFE (20 1), FHBAEDKMATEHRM235B-1, BM5E4 A, pp. 199-213.

4) M BB B AKEH - BABE  XPEDERE UK RC B0 MBHEERICE T 5 AR
B (20 3), BABREFLAHIIHIHEE, BS54 6 A, pp. 25-28

5) EH BB E— - AKTHE - ENEE  XBEHEE U RC #HHEOMBEMERICE T 5 A
BE (204), (£05), (206), HAREFRLAXPNHEEME I8, HMSFEIA,
pp. 1715-1720.
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OHRYEICOWT, B3 Ea vy Y — P TREUGEE MR CE, 198146 /], pp. 445-448.

7) EM OE-F £ AR EREE  XEESGSETEGSHRINGSE I Y7 ) - RO
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Q: &My — HEHORANT
g ¢ ERTAL AR (=Q/6DF.)
a0y . XTCEDFEH O BIRERICTIE
0y ¢ SEFTEROER, O 5 RMHRIS K
rwoy © A BRI O IBRREAIC B
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0 XHEEHOEHEHMBOIRTHE
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R—2 £TOXHH X EEHESNIHHI Y IY — MEHOBRITHEECOOT

FBICHNT, XBEGHABINCES Y7 ) — MO ANMBREZBRNICRY 2 FHEREL,
FAERTE ZBETERRENEONS CEIRINI, LLESD, #&H2 7)) — MIMOEAN
MEAMIAT 2 5 AT, BHOBERES SRBRELESBRICEVT, CANBRNZRETSILR
BOTEENCLETHY, CCTRE, TRTCOEHAXBRGE SNgHa 7 Y — P EOBTIHE
KB —FHERT,

M EFxEKE

1) TRTOEGHHEXHEGE SNEBET v 7 ) — MEHORA BB, ARLL I, BF
AV ) — b hORET - FRESIUMDHH LS b5 ABBOMLEDETHD LEX S,

2) FARGHELELZOOT, BOBBRRIEY, SHENH2 Y 7)) - tONESROAET S L
EZ, %537 )~ MEHORABBEICIIHBLEVOD LT B,

3) avs)— FBLOEGORH-OTHEKI, Fig. A-1 3LU Fig. A-2 [ORT X D IKRET %,

@) 7-FHRIBCXBER

Fig. A-3 i, bt RISOEE Lcmia Y 7 ) — b (7~ FEHD OZWREETRT. L, HMEEH
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Fig. A-1. Stress-strain relationship of Fig. A-2. Stress-strain relationship of

concrete. steel.
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45,  1-#
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EEZ OB, T—FREREEICA U B ERERN
12, Fig. A-3 Oy F2BLESHEER2 2
—MHick DiEEINDZ LT 5 L, ERARARD
OT% eo 3,

€co=4S50/(h/cos @)

&30, (A-1), (A-2) KERAT B L

wee(A-1)

e (A-2)
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€o=T"% sRe(1—E)Decos p/k

=keRecos p/n  eeeeeeeees (A-3)
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HoOfElE L AR B 3 ERRES 4D ONE Fig. A-3. Deformation of plain concrete.
TOHRAEI,
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LY, FHOUVTS e I3,
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2R UTHEMICEET 5 C EMREL LB,
—F, BHICERT 2EMAK L 3 osRE 8 &35, EREMAICKEZa Y2 ) — MO
VD e i,
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=8ecosto/h e (A-5)
ERY, a3V ) = RIMOERTOTH e 1F, (A-3), (A-B) K&D,

e.=¢ote€n
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€= mmfzwf (B RNI=B)— Rem}ZFm? +80om?/B}  seveveeees (A-8)

LHZo6NB,
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RBEUERAMDGEOVTAE e LU a0 13, ThThRATRDLEINS.
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Fig. A-4. Deformation of diagonal reinforcement.
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KU Fig A-6 ICEBRBREMB U TRLTVS, 335, Fig A-5 CERS IUBITICK 30 HsEE
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Fig. A-5. Comparison between measured and calculated load-deflection
relationships for specimen X-324M.
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Fig. A-6. Comparison between measured and calculated load-deflection
relationships for specimen X-324R.



