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Abstract

This paper is to explain reasonable shear behavior that can apply usually to reinforced concrete
beams on the basic concepts of existent analysis and experimental research information. This
study is succession paper” > ¥ ¥

reinforced concrete beams with stirrups used internal force state factor( ). Shear failure of

of treatise announced in existing, and main control variable of

reinforced concrete beams with stirrups is influenced greatly because of the actual geometrical
shape(a/d) of the concrete and flexural reinforcement steel ratio, stirrup reinforcement ratio and
concrete compression strength, size effect etc. Therefore, shear behavior of reinforced concrete
beams with stirrups that flexural crack is happened can be explained easily through proper extent
proposal of internal force state factor( @) that express internal force state flowing. Use existent
variable truss model by analysis model to explain arch action. Also, wish to compose each failure
factors and correlation with internal force state factor by function, and when diagonal cracks
happens, internal force state factor{ @) study whether shear stress and some effect are.
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WA AF(2)E 278 194 BEol ¢&d8 AHPF AF2 ADAR o Fa2ZH| Hla/d7t
Ay 0o 7Pga a/d7k AoW 16 2HBT. EF, B 27 T4 SAAAN WRRFHR(g)e] BH
Ho] e 2 & f7ix FId4L dAHoE AT £ Jdn, TIEFo|F F&H AL
AsA AT T2 ¥ By wad I2EAAE R AS, AD 2HYEY A= °]3H
e B az oy R e FEuAdM Ag F3d Egein, ok JgwBe AN WY FHiz
()9 Wstz Yehdth webd, WIAHAF(2)9 WE 3944(4)Te 4% AAES setsr) 4
3 A $Uy HA4F e AT Edx zdg Agstaa gk obd 2¥ 1 B WF
oz g)e] BzZtez FAstE B FHAM wHAHAF ()7t FoAHE W WFEHE FH(z)
s} Egjz mdeo] R Hnz(g)ne AAE BEY Aotk

<
o
Lo N
<
o
N
P d Coté
'}
Pu [—
with stirrup & b — —
0.5Py without stirrup EPI=] oty A
(8.4
' T J 1 IR ]
Per A
— 5 (XM E) 0.0 P

Par 0.5P  Pu
29 1. B 77 ¥z Egjs 2 55 dAd 0E WEAHAs

211 WA R(g)9] ¥

FIZZAE ‘?f‘% Bel AN E AMErIE JEAU TAstE FL FHE T WALHE
Hqrhe 4 Qo =, 29 yEAHE 3293Y FIE4n E o] WiE BAFoRA ol F
Gt olel® AEd BEEL B, 4 (V3 Be e A WP O% & & glos, o|AL ol
el ¢&F AFe] dREA &1 aY 17 o] WIS vt wetd, WHLHE FAE W
ALNAF(2)9 WEFAZG(9)7e] FBABAE oldlsy) falA 283 Zdg Eandd HE
el olslstnat BTk AWHWAWE el AojW ALAFY WHE G J)F 2o

e M
= (&Y Hx e e e e e
Tx‘— (x) 2, é} (1)
a9, AUV £99 B2 RddA B ARATVS A FFF(CIe e 2o
M
x = == V COtg), CC: ilx _%th(= V CotB) """" ’—\-} (2)
A71M, A1) = AQZ ¥R, 2509d, V=AFE FoB WRHAHH)E 4 @9 2t
0\ M, _ M,
( ) 2, 2, 2 ....................... z;] (3)

610 20014%= & E&iduEs =834



6=C0t~1[ OLQ%[ (l)a—ln = 0° ~00° e - e e e e e - A (@)

Edz 4AAe e kg0l 242 FAG aee, dxA dFes Wk vHe &
M@ olelgt Aol AAAW AWE ol 3 (Crushing) FHA7F Aol E ek webA, ol

He A7 5o AAUS AANE Aeksr] A P vHelN BUEd BB FIYHHL

IM = 05 (Cot Can X ()2,= CoXzp+ Cax
X X 1
C (;)”—0.5 (;)‘Z:O.S - x=0.5%, C.=0

< = , d71A

Can 10— (Z)e %

a (‘;)”21.0 - x=a, Cp=0
1

2 < 0.5%, 0@l « « c o v e e e e e e 2 (5)

%, x<0.5%a FWAA
o, WHAFE AT ()7t ADF

do e
fe
<
lo

213 AR $AY Ws

s WARANE FEAY FEe] Aoy WARAES W Pz Agse AN &
Z3o] wgstee Aol LASHE WARANA YAF lcritical crack)e] TAFE. FFHF
e 29 AR AUSR(CIS FARA £HCa = T - G) 5 912 gol 00] L4
AN Hoh BASHEE, G 26, DF 2o AT F Ak

rf e

Ca=AT~22)=ZV] (@) ] | ann v=23

Ca' = ZV[(%)G(I— a)"l]

ZO
1
s, x:(l—-a) a a ., 0217]}\-‘, 0<a_§1 ................ /}_]I (6)
A9 4 @el 46 YD, Edx JEAIR( e G 2.
A
g > Cot‘llﬂl-—zc:L a(lfa)J ................. A (D

=, WA AF(2)E o183t B 7AA S WF Az (4)9] H4 ¢ diAFA HoZ2 o

L
Ase x=(1—a) ° o 9N 2AFD, o] AXE ALY VW YA B 5 AT

2

214 =9 A A oo W
#F5Y AH JAZH ) AFH(LO) ARTFY vIR ez 4 Q) 2o 7T & Utk

" 5t(=%) = (%)" “Z,t @ B A (8)

2001dx & sheutEs =23 611



N

1
2 sga 9 42 AAe FAAE x <05 °a
$YRAFAD T3 oldn FAY + AUk

, WA AS(2)7 10] HD g ,=
72k olstol X FARA Wetev o] P2

N

to o

22 E¥fjx 2d
L

Iy 20 BEo], Eda 2de giZiA AY HH(Cyel TAIE X x=(l—¢a) ° a
A WRgZH(g)oz qAREAR/} ddHojor k. FEAY HASF HHL PN GFH(C)]
_.L

0ol HAsE A7t WEZeASF Frtel met AHAN x = 0.5 “a HF F AFHLE o
Bt stAVIA R, SEA & AL ofx| AL o HZ A 27}7} AEF=E T, 73]
A Bgo g Fan Y2 WolAle D F3ko] Yelus, MEZEAS(2)7} 10] HE He] AFTo]
Fan 2%¢ D 77 Egj2 2do] g} 2z, WEAHAF ()7t ALSFE Egjx Zo] Fopx|n
WEH A ASF(2)7F 10] Hd B Mpzte] HZ AFHo| T2t He Elol=-okx Ae(tied-arch
state)7} Hn o]l& EEI Rdo| y|E ZE-glo|(strut-tie model) E o]}

P

3d M
a= I q;—
! |
X , ]
o (a)aZn A T Cc+odh ' %
: VY4 /// Can r © o~ N
S i Vs EI | 3
N 4 K3 < > Ts | N
L b
|
x| oax | lb |
V 1
1 (1‘“2‘! a l 9=Cot™" |: (-e)a (:a) i|
Tonf o E
A +Ts S
—_—é _____________ — Vi ¢, Smeared truss | [om——— —
dh - S
’,,"” To T Can \l/ ///,J)S” To
g —Cec 2 oo
= » X —T = »X

a9 2. WA ATF(e) = 04 & o o}XN2L Efand

23 WEAE AT (2)s V/bd o #A
45" 82 24" (Ritter, 1899 & Morsch, 190214 & 32 FHBAW(0)7 7 & 5 5 v]AH

22 HURTS) VAZE} AL, B T2 MRIAND)E G2 45 S ohdn2 U
e waA Bo F WIFHAR() B WRsdde] Watel Aw 2EYH (o)) T}
AeZ=st vdsA #n Watks Aotk od¥ WEHES WiEd: RdoNE Cord2 H@
o, NHAHAR(2) Ade Bl Bdo] Hg3HA AVFEWV/AD % o, % BAS T
4O 2ol A ¥ £ Atk F, 2HAHI 37 ¥ 5 5 WLRHAF(2)7 Baste] Wi
ool AR ABAET} vz S8 gx 29 3% Lo 24 ¢+ Uk

612 2001¢d% & S&u¥sy =24



Cot9 (= V‘/py fy) vS.

o - =4
.o /r/‘./v/
o AT T
T
rd
—@®— a/d=20
Q- a/d=30
—v— ald = 4.0
-7 ald=50
0 ‘; 2 :‘! ; 5
Cot8 (=v,fp, 1))
1
28 3. x=(1—a) © a M o - Cotd
A
V, A, - f,-d 20—a) “a 1 ] A
n_ v . . -1 .« - .. A (9)
bod, ~ 5~ (b dy Co8 =0 1) Zo 1—¢ 1

24 && Efj2 B WAAHAF(2)% HFH(S)

DI BIY  DIA

\
¢
H A L
——’ N
i ‘ %1 3
A N
S o TS
X L&s )
|cv_|
ft
NUHNEEE
G
I 223
xX107° W
(L)=AL'flL

2Y 4 FS 2o HHEZHAF(2)% AP

& BoNE WREAFZ(g)ez FAS AZsE AFHR AP e ddsts WARATE A Ho
“z”* Egjzrt gt oA dFFIA WS Adse EHZ}TZH(strut)i F3Ewdel A=
Sujelty, ol &AL HE 1Y 49 o] AH Foz HE9 AFY FT AA doju A
d4 M3 2o EL?!I GAEA doh a3u @A AT A Fobe A% dFE W
&2 Zata Aok webd, WEAEAF(2)S AP ()T 17413 R A I K P A R A
g o] Fux k. A, T 4 Ee FHEFWALNLE 7MY A, THFNAM 3
Z7HA A F)E WEZHAT(2)d F5F2 JHEST. 7] tBo2RE, I9 4o1A% o
2o 9" FEXAM FEUALHS AdEd AIFE fFEIHE dsF 2o =&

€ e

I

Ll‘l
ol
rlo

olBR | a=L/2 & Wstd tE A0 Zoh

Q
-
fl
i

200149%: & seuwms =23 613



T

ave aNe
A, (_) T, (_) - Vex
€57 E = .%sA = g‘A .z ’ Bx:(%)a.@o(=do_0)
2¢
o= 2 trax = — 24 72 g dx
ffﬁx BoEsAsz"ffz ----- A (10)
14 : 3-2a _ 2,
2.180.ES'A5'20'(1*0)[ (3_2(1)x a x
348
1
7h NEAYASE(2)E o] 23tE dAdEAge A +3Y (Cd x=(1—a) * a A 25D,

1
Wponde o =c0t—1[ A—a) e a)
WASRE WRARR(F) F AR 3, o AHE duddeHen ¥ 4 ok

o2 A g+ Jon, B A3

U WEAE AT ()0 Wt Eda FEAY hEE G = 07 TAsE fAAE x=0.5
$AD, 3 ARFUE YRAAS] TAIA ok D Folhon T 47 T $ Ak
B, o7} F7HSE BRe Basn DIVE 348 & 5 Ao F, 1S 2
& D79 BROE U ABHac GAY NAYUAT(0) AIE SUHY T P2
32 odde A B ¢+ o
o A zko] A& B AAL WANHAR(2)7 10 ERE5E = o}x| 2o AEA ol 5
2 71E9) AYTAL 4897 9E U UYL dHine oF YT & Yk Py
AZ AR FE 93 FEL AASH AFE A= T F ok
2 WEAHASY SFaAE ALY ZE AFAHERE 2 F de Yol AFHA
ggton AF WEAH 9L F= dxg FRIY F& A7/ dasith
a2 d
1. ASCE-ACI Committee 445 on- Shear and Torsion(1998) Recent Approaches To Shear Design of
Structural Concrete, Journal of Structural Engineering, ASCE, Vol. 124, No.11,6 pp. 1375-1417
2. Kim, D.-], Kim, W., and White, RN. (1998) Prediction of Reinforcement Tension Produced by
Arch Action in Reinforced Concrete Beams, Journal of Structural Engineering, ASCE, Vol. 124,
No. 6, pp. 611-622
3. Kim, D.-], Kim, W., and White, R.N. (1999) Arch Action in Reinforced Concrete Beams - A
Rational Prediction of Shear Strength, ACI Structural Journal, Vol. 96 No. 4, pp. 586-593
4. Kim, W., and White, R.N. (1999) Shear-Critical Cracking in Slender Reinforced Concrete Beams,
ACI Structural Journal, Vol. 96 No. 5, pp. 757-765
5. Kim, W., and White, R.N.(1999) A Hypothesis for Localized Horizontal Shearing Failure
Mechanism in Slender RC Beams, Journal of Structural Engineering, ASCE, Vol. 125, No. 10, pp
1126-1135
5. Jenq, Y.S. and Shah, S.P. (1989) Shear Resistance of Reinforced Concrete Beams - A Fracture
Mechanics Approach. In Fracture Mechanics @ Application to Concrete, V. Li and Z. P. Bazant,

eds., American Concrete Inst.
7. Carpinteri, A. A fracture mechanics model for reinforced concrete collapse, IABSE Colloquium

on Advanced Mechanics of Reinforced Concrete, pp. 17-30
3. Bazant, Z. P. and Jaime, P. Fracture and Size Effect in concrete and Other Quasibrittle

Materials, CRC, pp. 319-381

614 2001dx ¥ seuus =84



