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ABSTRACT

This paper as Part II of the present study deals with the verification of the new truss model that has been
conceptually derived and formulated in Part I Since the model includes the arch coefficient- ¢ |, the characteristics
of this coefficient are examined, and it appears that the coefficient- @ is a function of a/d, # and Pv. After
transforming the model into a sectional approach, the formula for predicting the stirrup stress, the longitudinal steel
force, and ultimate shear strength are derived. Then, the equations are applied to the test specimens available in
literatures, and the predicted values are shown to be in excellent agreement with the experimental results.
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Table 1 Comparisons with the test results performed by Leonhardt (1965)

T —
Specimen U j :
ET1 ET2 ET3 ET4
fx (MPa) 2793 27.93 27.93 2793
b, (cm) 30 15 10 5
Beam d (cm) 30 30 30 30
properties a (cm) 105 105 105 105
a/d 35 35 35 35
p (%) 1.40 2.80 420 8.40
Py (%) 0.17 0.34 051 1.03
7, (MPa) 460 B 460 460 460
£y (MPa) 314 314 314 314
V,r (&N) 140.9 140.9 140.9 140.9
Measured Vi, (kN) 1422 116.7 98.1 88.3
value fy at 'V, (MPa) 161.7 314 314 314
o, 0.360 0.395 0.415 0.462
0,(x=0a/2) (degree) 446 454 436 414
z,(x = a/2) (cm) 21.04 20.46 20.18 19.63
Sy at V, (MPa) 150.3 315.7 294.2 284.4
Predicted Ve=a, V, 51.2 466 428 412
value Ve (kN)
Ve by Eq(3) 745 373 24.8 12.4
Vs (kN) 165 326 34.2 359
V=Vt Vet Vs (N 1422 1165 101.8 895
Vi predicted / ViuMeasured 1.00 0.99 1.04 1.01
Failure mode Flexure Stirrups yielding
FEO| X|HHSH=RC 2Xel MEZR E3A 2U| 7Y A7 (BH) - HBS FHo=2 - 61



Table 2 Comparisons with the test resuits performed by Kim, Kim and White?

Beam properties Me\z}:ﬁséed Predicted value
9 VC V Vu, Predicted F a11 ure
. u Vs Vu nf mode
SI?lee(i’ll a/d (c(rzn) ( Q) (foﬁ]) (k‘/lfs]) Qy (x=ap) Vo=, V, 1‘«:/35?3% (N :X{cl‘:lg/s Vi Measurad
° d
(degnee) (kN) (kN) (kN)

2P1W 9 =0 1.08 61.3 0.44 47.2 30.5 173 | 214 69.2 61.3 0.98 Flexure
2P2W 194 30.6 0.51 450 41.0 173 | 221 80.4 79.6 0.99 Flexure
2.5P1W 95 | 625 1.08 481 0.34 49.0 20.0 173 | 216 589 481 1.00 Flexure
25P2W | T 194 0452 63.2 0.39 47,0 25.4 173 | 223 | 650 | 63.7 101 |Flexure
3P1W 3 - 1.08 ' 38.3 0.25 516 12.8 17.3 | 209 51.0 40.1 1.05 Flexure
3P2W 1.94 55.2 0.30 49.3 16.8 173 | 219 56.0 53.0 0.96 Flexure
4P1W 4 100 1.08 3095 0.10 51.6 45 173 | 232 45.0 30.1 0.97 Flexure
4P2W 1.94 405 0.19 49.3 9.6 17.3 | 236 50.5 39.8 0.98 Flexure

% b,=10.0 cm, d=25.0 cm, f = 20MPa, f, = 539MPu(p=108%), [, = 443MPa(p=1.94%), f,, = 308 MPa(P,=0452%)

Table 3 Comparisons with the test results performed by Kani®

Beam properties Mf;?ﬁ;w Predicted value
V. o Vi, Predicted Failure
el v | G | ame | G Ve V| Vaby | VeVa | gy | Ve e o
(kN) Eqs(3) (k) (kN)

249 1.0 28.0 83.3 0.61 54.6 34.9 89.5 35.2 1.02 Flexure
250 15 28.0 54.7 0.39 22.1 34.6 56.7 56.8 1.04 Shear
251 2.0 0.5 26.2 41.7 0.15 59 33.7 39.6 425 0.95 shear
179 2.6 32.4 33.4 0.00 0.0 33.3 33.3 33.0 0.99 Flexure
246 3.5 27.6 25.1 0.00 0.0 24.8 24.8 24.3 0.97 Flexure
109 15 25.0 715 0.59 46.5 32.3 78.8 87.5 1.09 Shear
102 2.0 25.3 48.4 0.35 174 32.3 49.7 65.7 1.03 Shear
105 25 26.2 415 0.21 8.8 33.2 42.0 52.7 1.01 Shear
116 3.0 08 26.4 39.3 0.17 6.8 33.2 40.0 439 1.02 Shear
104 4.0 25.3 33.2 0.12 44 32.3 36.7 32.8 0.99 Flexure
107 5.1 26.6 25.2 0.00 0.0 32.9 329 25.9 1.03 Flexure
184 15 35.1 162.0 0.75 114.9 38.3 153.2 193.3 0.94 Shear
26 2.0 27.1 78.1 0.57 449 33.9 78.8 133.2 1.01 Shear
27 25 188 29.8 51.2 0.43 26.7 35.4 62.1 112.7 1.17 Shear
35 3.5 ’ 26.1 44.3 0.28 12.8 32.8 45.6 78.3 1.03 Shear
29 45 24.6 43.0 0.22 9.1 32.1 41.2 60.1 0.96 Shear
182 5.1 34.0 47.8 0.19 8.7 37.3 46.0 56.6 0.96 Shear
88 1.0 315 223.7 0.85 201.7 35.6 2373 387.0 1.06 Shear
94 2.0 25.3 109.9 0.69 71.3 32.83 104.1 179.7 0.94 Shear
95 2.5 25.3 72.5 0.52 35.0 33 68.0 143.8 0.93 Shear
97 3.0 2.80 27.3 62.7 0.43 26.0 34.4 60.4 123.2 0.96 Shear
84 4.0 215 55.8 0.31 15.4 33.9 49.3 92.7 0.87 Shear
81 59 275 51.0 0.20 8.6 34.3 429 62.8 0.81 Shear
92 7.0 275 45.6 0.14 5.5 33.6 39.1 52.9 0.83 Shear
82 8.0 215 39.7 0.09 3.4 34 374 46.3 0.94 Shear

Mean 0.988

S.D 0.076

C.OV 0.077

#  b,=152 cm, d=27.2 cm, f,=440MPa

62 s=E3e | Esks| =28 MI7HE 15(2005)
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webq Age] Aujse Pl 732 2
2 Jlzon Aze Bdd 45¢ AZdE 4
A

1m

ApgFEe] St Aoltk oF 34804 A ups} o],
Nze Zdod FAZ A3y T= 4 (52 Yyehley)
o, 09 v9 A7) wa e Az

omxib Table 2011 wd KImZ)‘g A% B Zo|A 2

=
L\D
g r
=
3
Lo
L S
mNA
ru
Jm“

249 5

2 oL
x no“ 2
5 ) k)
reomE ool N OB b B
e N
1o o O
|
2 o
o
o2
2L
ol
e
Y
o
>
)
_ 5
o,
)
2
RV
rg

lo,
olft
ne,
ol
oX
for =
k1
i
)
rir
=
pas

2 A7 83 ddo] AEsha gle ALIAYE A
U2 Al(internal force flow)& X &3817] 93, A&z}
AES) FAA V=dM/dx=2dT/dx+Tdz/dx ¢ %33

A4S £AHoE BAG AZE EHLTES NS @

-

g HJASL

Mol A|HISH=RC TR M22

E2in DU J|Y ST (FH) -

Simple V=0.99Vy
250
. b
< 200
s
‘» 150 4
[
'9 .
~ Conventional beam
= 100 -4 A
?_’, e 450 theory
1) //' Truss Model
50 1~ e—=e: Measured
o----o: Predicted
0 .
od 0.5d 1.0d 1.5d 2.0d
Distance from Support
(a) 2P2W (a/d=2)
Simple V=0.98Vu
2504 Strut-Tie Model (=40 kN)
< 2001
[=
.9 7
o 150 2
s A .
= 1004 = Conventional beam
8 yd theory
& L
50+ //‘"z o—e Measured
- p----o: Predicted
0 v -
od 1.5d 2.0d 2.5d 4.0d

Distance from Support
(b) 4P2W (a/d=4)

Fig. 10 Comparison of distribution of steel tension
over the span

Aoleh, o] ZLe HAle) AHAF WAUZE o3
: 9 42 do 543

< 4&4 A% WA 2 @

w, o] uj Ex.o ?ifféﬁr glol A= & é%%—w%—%
Hg3t0] metella, elolo] M¥L CEB/FIP MC-909
611@ ?ff——"— 01%6}%14

A 9] k& o] &5,

o L
49 4l SEE T % G Selsn A 3
% 9% + 9%

1) ol AlF-a = BAe AY AFS ¥ M

ZPJJ 715 sk QAR YeRgth o] Agy e
77r-z10]9 v] FAHL v|e} AEY H|9 Fo
737ke] FolAwd 100 ZofAH 0ol s,
A F7leta, 28§ w7t AXE 3

I‘Sl

B N2 o of
i
ST
z T
N
N
N
_EL

[ei]
F[F
it
o

\\]

N
(o4

s

e
Av-a o e WY, Az wde de
£

kv

m°" Ay}

=
=
_I__

o
S
o,
ol
Cgt:‘
ax,
i
S
N
1o
[
uy)
rJ
p
ol
>
o
2l

5= MO - 67



A RAAET] gl FAdE
Alo] AEs ¢ 9= dYA =2E Frstn

g A% (Leonhard, 1965

Kani,1966; Kim and etc, 1998)E o]-&3}o] A] 29
) 4

Xj'
Aom et
u}

4) wibA o] 2P Ex BdS BY 3% 2F, F
%9, Ad, 83 g 23 485 2e A
Y =8 g ugoR o] ks, 1 Ade
718 BYE BT O 4T ARES B T &

Y ZAIEAM Adsln Y ESLRDH v o

ny, S Astel AEAS A PN ] A
o g AN WALl /sl walel Uk ey
Y23} 4Yx7e] BT Bad 23 Eelindss
WERTH, A 2D AAHY WFHGEANA o)
HEHE AF-CE g3 FPxANWOE 1)

B oae aawekg 54712 REANE ROl
2002-000-00502-0) 102 e Azfe] Qolul, o]
o A=Y,

=ty

o

1. Leonhardt, F,, “Reducing the shear reinforcement in
reinforced concrete beams and slabs,” Magazine o
Concrete Research, Vol.17, No.53, 1965, pp.187~198.

2. Kim, D], Kim, W,, and White, R. N, “Prediction of
Reinforcement Tension Produced by Arch Action in
RC Beams,” ASCE, Journadl o Structural Engi-
neering, Vol.124, No.6, 1993, pp.611~622.

3 Kani, G. N. J, “Basic Facts Concerning Shear
Failure,” ACT Journal, Vol 63, No.3, 1966, pp675~632.

4. Collins, M. P. and Mitchell, D.,, “Prestressed Concrete
Structures,” Prentice-Hall, Englewood Cliffs, N. J., 1991.

5. ASCE-ACI Committee 326, “The Shear Strength of
Reinforced Concrete Members,” Journal of Structural
Division, ASCE, Vol.9, No6, 1973, pp.1091~1187.

6. Taylor, H. P. J., “The fundamental behavior o reinforced
concrete beams in bending and shear,” ACl SP-42,
Detroit, M. L, 1974, pp.43~77.

7. ASCE-ACI Committee 445, “Recent approaches to
shear design of structural concrete,” Journal o
Structural  Engineering, ASCE, Vol124, Nob, 1998
pp.1375~1417.

8. Walraven, J., Frenay, J., and Pruijssers, A, “Influence
of Concrete Strength and Load History on the Shear
Friction Capacity of Concrete Members,” PCI
Journal, Vol.32, No.1, 1987, pp66~8&4.

9. Bhide, S. B. and Collins, M. P, “Influence of axial

tension on the shear capacity of reinforced concrete
members,” ACI Structural Journal, Vol.86, No.5, 1989,
pp. 551 ~564.

10. ACI Committee 318, “Building Code Requirement
for Reinforced Concrete and Commentary,” AC,
Detroit, M.I, 19%.

11. AASHTO LRFD, “Bridge Design Specifiaation and
Commentary,” First Edition, American Association
of State Highway and Transportation Officials,
Washington, D.C, 1994, 1091pp.

Q
el

Aol o] BHll= 2207 AEE ofx

O_!:

o RS B AT FURE, AN wRAA YO fEsT N A2e EPsude 484 43S U
A% 7} Zeol Q7] el ol Alse] S4dol s A, A @

68

EER|ESR| =2 M17H 13(2005)



