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Indeterminate Strut-Tie Model and Load Distribution Ratio of Continuous
RC Deep Beams (II) Validity Evaluation

Hyun-Soo Chae," Byung-Hun Kim,” and Young-Mook Yun"*
YSchool of Architecture & Civil Engineering, Kyungpook National University, Daegu 702-701, Korea
Infrastructure Dept., HyunDai Engineering Co. Ltd., Seoul 158-050, Korea

ABSTRACT In this study, ultimate strengths of 51 continuous reinforced concrete deep beams were evaluated by the ACI 318M-
08's strut-tie model approach implemented with the presented indeterminate strut-tie model and load distribution ratio of the com-
panion paper. The ultimate strengths of the continuous deep beams were also estimated by the shear equations derived based on
experimental results, conventional design codes based on experimental and theoretical shear strength models, and current strut-tie
model design codes. The validity of the presented strut-tie model and load distribution ratio was examined through the comparison
of the strength analysis results classified according to the primary design variables of shear span-to-effective depth ratio, flexural
reinforcement ratio, and concrete compressive strength. The present study results of ultimate strengths obtained using the inde-
terminate strut-tie model and load distribution ratio of the continuous deep beams agree fairly well with those obtained using other
approaches. In addition, the present approach reflected the effect of the primary design variables on the ultimate strengths of the
continuous deep beams consistently and accurately. Therefore, the present study will help structural designers to conduct rational
and practical strut-tie model designs of continuous deep beams.

Keywords : continuous reinforced concrete deep beam, indeterminate strut-tie model, reaction distribution ratio,

load distribution ratio, ultimate strength
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Table 1 Geometries and material properties of continuous RC deep beams tested to failure
Investigators I;;’ani’sf b, (mm) | d(mm) | h(mm) | £ (MPa) | £ (MPa) ald P (%) 2/ Py
Roegt‘cw:fky 16 200 445975 | 500-1000 | 14.5-468 | 363-594 | 1.16-247 | 046-1.13 |0.173-0.855
Ashour” 8 120 226-609 | 425-625 | 22.0-392 | 347-480 | 1.19-2.02 | 0.33-1.02 |0.138-0.546
Subedi'” 50-75 370-570 | 400-600 | 44.7-56.5 | 340-527 | 1.35-147 | 0.53-1.47 |0.309-0.502
Shin"” 6 150 435-439 550 19.1 450-471 1.15 0.35-1.15 0.703
Yang etc."” 12 160 565 600 32.1-682 | 483-562 1.06 0.95 0.314-0.463
Yang etc.” 6 160 355-653 | 400-720 | 32.1-68.2 562 1.06-1.13 | 0.97-1.10 |0.320-0.534
Total 51 50-200 226975 | 400-1000 | 14.5-68.2 | 347-594 | 1.06-2.47 | 0.33-1.47 |0.138-0.855
pb(=0.85 ﬂ,&‘ 600 ) =ratio of A4 to bd producing balanced strain conditions; b,, = width of beam
fy fy + 600
14| st=2232|E5s| =2 233 M15 (2011)



Vn(for ‘1>2) = 0.0838,[f.4b, d, + =2 fd *cot@(MPa) = olgsisith FIBA| o7k S ?37} AGRICED
d ) o ZHE #Zolo] Hl(az)el weh oFA] HMAYES
wstes 2ESEe] Rd(a/2<0.5), oFX WAUSH
A7\M, A, d, z, 2B p =4,/ b,s, A,=7FA sStel 4 Ef dAYZe] 23 2EF E‘rOl 24(0.5<al
Fe FAARAETE 2 FHEIZE, mm 2919 F z<20), a8 #4 EYE fAYUSS tiWstie 2E
g3l =g ] ¢¥Bo], a8y FHHE gl-efo] Rd(a/z>2.0)S o] &3 Th O}Xl AU E
AIHE Yt S4E 7 A d2 9 23E T2 Egz wAYFo] 2E 748 2EZEo] B
AARE fa B fa= 22 A2 FEFE f9F £ d9] slFEuE&S AH =89 4 (1) ol&dte] 2A
E9 UFAE fu 5 AHESHATH A (5)olA dy(=0.9d)= aFach.
A5 1FH e sHA S YERH, APOW gie &2 @ AASHTO-LRFD % ACI 318M-089] ~E
o] WA FAZEV} AHE S ARk THE YERY gl-glo] mdl HA7|FE wE A= HAA S
= Z3YE AFSHASF 2 A 458 «l s Ashour”] ¢ls] Aol Sy A& P B F
S Yellle g% 0= AASHTO-LRFD"¢| 5.83.4.2% 9 CDB4 R E o2 Awslrh. 7S 2 CDB49] F37
RE ol&ste] A3t T B@rks 98 AR e 2EZ-Ee] B9 Fig 1(a)9}
FIB,” AASHTO-LRFD,” 283 ACI 318M-08"% & 723, AR T EHE 442.5 kN ﬂ]?} »E8 9 golg
2EZ-glo] BY AA7|F 9g A& e He Fo @Ay, a2ea Bef w2/, 2EEElo] Rde] YA,
A% %7h= Table 201 Yebt e 2ESF A9 aga e 3 (A FoRRE AAS 2EZHG
o] FEAEE ol8§ste] TS AASHTO-LRFDS} Efeole] e (H)& Fig. 1(b)sh At SEEL-Eo]
ACI 318M-08°] °]gF et W7t A] 2EZF Elo] 2Ylo] A Al A B st £ Elole 7 A o
7} o]2= z}o] 250 o]} Hojol sths FA L =3} sl 2 1E vEE7 v "ozl 3o $AHoeH,
T5 a/z<214%] RoAME ofx] WAUZS dRste 2E3Z 9 golo] dwy AA A WS AdA7 9
2EZEo] RS Old‘l;}%‘ztﬂ, alz>2.14% HolA 5 A7) Bdsle dhEe] vl YRbARl w2
= 74 EE MAUSE diwshe 2ESlEo] 1Y Hoo]gel wel AAstalth. ACI 318M-08°] 2|gh 212

Table 2 Effective strength of struts and nodal zones

Design codes | Elements Effective strength
u=0.85(1 — £,/ 250)f.; | : the uncracked uniaxially stressed concrete strut
Strut
Jou=0.60(1 — 1.4/ 250)f.; | : the concrete strut cracked longitudinally due to bottle-shaped stress fields
FIB? Jeu=0.85(1 — 24/ 250)f.; | : the compression nodal zone with only compression struts
Nodal | £,,=0.70(1 — 1.,/ 250)f., | : the compression-tension nodal zone with tie in one direction only
zone - — . —
£=0.60(1 = £/ 250 .ﬂ}e compression tension nodal zone anchoring tension ties in more than one
direction
&= £+ (5,+0.002)cot a,
& =the average principal tensile strain of reinforcing bars crossing
Strut fo= Jek perpendicularly to the concrete strut
“0.8+170¢ &=the tensile strain in the steel tie
AASHTG())' a =the average principal tensile strain of reinforcing bars crossing
LRFD perpendicularly to the concrete strut
fou=0.85f :the nodal zone bounded by compressive struts or bearing areas
T;Igﬂzl fou=0.75f :the nodal zone anchoring only one tension tie
fou=0.65f :the nodal zone anchoring tension ties in more than one direction
1.0(= f,) : the concrete strut of uniform cross-sectional area over its length
0.75 : the concrete strut located such that the width at the mid-section of the
strut is larger than the width at the nodes (bottle-shaped strut)
with reinforcement satisfying the condition of Sec. A.3.3
Strut fou = 0.858.1.4 0.60/ : the bottle-shaped concrete strut without reinforcement satisfying the
. condition of Sec. A.3.3(A =1.0 for normal weight concrete, 0.85
ACI 318M-08 for sand-lightweight concrete, 0.75 for lightweight concrete)
0.4: the concrete strut in tension members or the tension flanges of members
0.6: the concrete strut in all other cases
Nodal 1.0(= f,) : the nodal zone bounded by compressive struts or bearing areas
zone for = 0858, fs 0.8 : the nodal zone anchoring only one tension tie
0.6 : the nodal zone anchoring tension ties in more than one direction

Jed=f ! 1.5), 0.858, and 0.854, were regarded as f, [ and f,, respectively, in strength evaluation

ALXX| RC 22 22 R ~ES-E0| 22 % StE=HE (1) e gt 15
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(a) Strut-tie model for beam CDB4
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(b) Maximum widths of struts, provided areas of ties,
and cross-sectional forces of struts and ties

Fig. 1 Strut-tie model of beam CDB4 for implementing ACI
318M-08's specifications
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Table 3 Strength evaluation procedure of beam CDB4 by ACI 318M-08's strut-tie model specifications

(a) Struts and ties

Element Ele. type B Jek MP2) | fo, (MPa) | F, (KN) | wy, (mm) | wyolmm) | Wy, / Wy, | Fail/Safe
S1 Strut 0.75 28.00 21.00 2354 93 126 1.35 O
S2 Strut 0.75 28.00 21.00 528.2 210 175 0.83 x
Element | Ele. type B, £, (MPa) | £, MPa) | F, (kN) |4, (mm’)| Ay po(mm’) [Ag | Agey| Fail/Safe
T1 Tie 1.00 480.00 480.00 2413 503 609 1.21 O
T2 Tie 1.00 480.00 480.00 190.5 397 452 1.14 @)
Q: Safe, X: Fail, F, = cross-sectional force under experimental failure load, O: Safe, X: Fail, effective strength of strut 7., = B,/
Effective strength of tie f,, = B.fy Wieq = Fy/bfcy
(b) Nodal zones
Node Type B, for MP2) | £, (MPa) F, (kN) Wieq (M) | Wy, (M) | Wyyro / Weq | Fail/Safe
R 115.2 43 120 2.79 O
1 CCT 0.80 28.00 21.00 S1 196.0 73 218 2.99 O
T2 158.6 59 182 3.08 O
v 368.5 137 200 1.46 O
S1 196.0 73 126 1.73 O
2 CCT 0.80 28.00 21.00
S2 439.9 164 175 1.07 O
T1 200.9 75 110 1.47 O
R 2534 75 80 1.07 O
3 CCC 1.00 28.00 23.80
S2 439.9 131 195 1.49 O

F,, = cross-sectional force under 83% of experimental failure load, R = support reaction, V = applied shear force (= 83% of experimental

failure load)
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(a) Indeterminate strut-tie model

Stage for Determination of Distribution Ratio |

Determination of Reaction Distribution Ratio and Load Distribution Ratio I

Initial Loading Stage 1

Transfer of Applied Load by Interior and Exterior Supports |

Initial Loading Stage 2

Transfer of Applied Load by Arch and Truss Mechanisms I

First Failure Stage | | |

Failure of Strut | causing
Failure of Arch Mechanism

Second Failure Stage

Transfer of Load (applied after
Failure of Arch Mechanism)
by Truss Mechanism

S !

Failure of Truss Mecha-
Nism (Ultimate strength
is determined by the
failure of Tie J when
Tie J fails earlier than
Strut H (or K).)

Failure of Strut H(K) or Tie J causing
Failure of Truss Mechanism

Transfer of Load (applied after Failure of
Truss Mechanism) by Arch Mechanism

Failure of Truss Mecha-
nism (Ultimate strength
is determined by the
failure of Strut H (or K)
when Strut H (or K) fails
earlier than Tie J.)

Failure of Arch Mechanism
(Ultimate strength is
determined by the
failure of Strut I.)

(b) Strength evaluation procedure

Fig. 2 Strength evaluation procedure of continuous deep
beams using indeterminate strut-tie model
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(b) Maximum widths of struts determined by reaction/load
distribution ratios and nodal zone shapes
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(c) Maximum widths of struts and provided
cross-sectional areas of ties

Fig. 3 Strut-tie model of beam CDB4 for implementing present
approach
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Fig. 4 Strength evaluation of beam CDB4 by present approach
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Table 4 Strength evaluation of beam CDB4 by present approach
(a) Struts and ties at the first failure

Element Ele. type B for MPa) | £, (MPa) F, (kN) Wyeg (MM) | Wproy, (mm) | Wy, / Wy | Fail/Safe
S1 Strut 1.00 28.00 28.00 42.1 13 110 8.46 ®)
S2 Strut 0.60 28.00 16.80 743 37 76 2.05 @)
S3 Strut 0.75 28.00 21.00 174.1 69 82 1.19 ®)
S4 Strut 0.60 28.00 16.80 743 37 48 1.30 ®)
S5 Strut 0.60 28.00 16.80 128.1 64 61 0.95 x
S6 Strut 0.75 28.00 21.00 303.1 120 104 0.86 x
S7 Strut 0.60 28.00 16.80 128.1 64 64 1.00 ®)
Element | Ele. type B, £, MPa) | f, (MPa) | F, (KN) |4,y (mm’) |Ag oy (mm®)|Agproy ! Asrey| Fail/Safe
Tl Tie 1.00 480.00 480.00 96.8 202 609 3.01 @)
T2 Tie 1.00 480.00 480.00 170.9 356 609 1.71 ®)
T3 Tie 1.00 370.00 370.00 61.2 165 332 2.01 ®)
T4 Tie 1.00 370.00 370.00 104.4 282 342 1.21 9)
TS Tie 1.00 480.00 480.00 183.0 381 452 1.19 ®)
T6 Tie 1.00 480.00 480.00 2252 469 452 0.96 x
T7 Tie 1.00 480.00 480.00 151.1 315 452 1.43 O

O: Safe, X: Fail, F, = cross-sectional force under experimental failure load, effcetive strength of strut £, = S/
Effective strength of tie f., = Bf,, W, = FJ/bf.

(b) Struts and ties at the second failure

Element Ele. type B fox MPa) | f., (MPa) F, (kN) Wyeq (M) | Wyyoy (M) | Wpyon, / Wyey | Fail/Safe
S1 Strut 1.00 28.00 28.00 42.1 13 99 7.62 O
S2 Strut 0.60 28.00 16.80 74.3 37 44 1.19 O
S3 Strut 0.75 28.00 21.00 174.1 69 23 0.33 X
S4 Strut 0.60 28.00 16.80 74.3 37 16 0.43 X
S5 Strut 0.60 28.00 16.80 342.2 170 6 0.04 X
S7 Strut 0.60 28.00 16.80 342.2 170 9 0.05 X
S8 Strut 1.00 28.00 28.00 27.1 8 110 13.75 O

Element | Ele. type B f, (MPa) | f., (MPa) | F, (kKN) | A, (mm’) |Agp (mm’)|Ag oy Ag peg|  Fail/Safe
T2 Tie 1.00 480.00 480.00 170.9 356 302 0.85 X
T3 Tie 1.00 370.00 370.00 61.2 165 189 1.15 O
T4 Tie 1.00 370.00 370.00 279.1 754 98 0.13 X
T5 Tie 1.00 480.00 480.00 183.0 381 123 0.32 X
T6 Tie 1.00 480.00 480.00 2252 469 47 0.10 X
T7 Tie 1.00 480.00 480.00 27.1 57 180 3.16 O

F, = cross-sectional force under experimental failure load, w),,, =W, (at first failure) —0.86 x w, (at first failure)

(c) Nodal zones

Node |[Node type B, fox (MPa) | £.,, (MPa) F, (kN) Wyeq (M) | Wpyo,, (M) | Wy / Wy, | Fail/Safe
R 147.1 55 120 2.18 O
S2 66.9 O
1 CCT 0.80 28.00 22.40 82 216 2.63
S3 156.7 O
T5 164.7 61 182 2.98 O
A% 398.3 148 200 1.35 O
S1 37.9 14 110 7.86 O
S3 156.7 O
2 132 1.61
4 CCT 0.80 28.00 22.40 S4 66.9 8 3 6 O
S5 123.3 O
6 2616 141 167 1.18 o
T1 82.5 31 110 3.55 O
R 502.4 150 160 1.07 O
7 ccC 1.00 28.00 28.00 S6 261.6 O
113 189 1.67
S7 123.3 O

F, = cross-sectional force under 90% of experimental failure load, R = support reaction, V = applied shear force (= 90% of experimental
failure load)
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Table 5 Ultimate strength evaluated by present and conventional approaches

(a) Ultimate strength

Conventional approach (V,,;/ Vies)

Strut-tie model approach (V,,;/ Vies)

Investigators Zoutty! | EC2Y |CEB-FIPYACI 318" éfg?g{? FIB” 3]1;5:08” lfﬁs;{g(? Psr:us;)rllt
Rogowsky etc.” (16)° 0.77 0.52 1.03 0.71 0.64 0.63 0.77 0.77 0.90
Ashour” (8)’ 0.74 0.52 0.78 0.87 0.55 0.65 0.87 0.64 0.97
Subedi'” (3)" 0.79 0.61 0.90 0.91 - 0.42 0.63 0.36 0.77
Shin'" (6)' 0.81 0.62 0.69 1.01 - 0.46 0.51 0.41 0.75
Yang etc.'” (12) 0.99 0.59 0.79 0.93 - 0.61 0.93 0.90 0.94
Yang etc.'” (6) 0.88 0.48 0.79 0.79 - 0.74 1.04 1.10 1.10
Total Mean 0.84 0.55 0.86 0.85 0.62 0.61 0.82 0.75 0.92
COV(%) 23.5 27.8 31.9 32.7 313 25.6 315 40.5 245

( )*: number of beams
(b) Ultimate strength classified by

shear span-to-effective depth ratio

Conventional approach (V,u/ Vies)

Strut-tie model approach (V. / V,us)

Design variable AASHTO ACI  |AASHTO| Present
7 EC2 EB-FIP | ACI 31
sutty 2| U3 1 jep | ™ |318M-08| -LRFD | study
. Mean 0.92 0.57 0.76 0.90 - 0.58 0.83 0.79 0.89
al/d<1.2 (30)
COV(%) 21.2 29.3 26.2 30.4 - 24.0 333 40.0 26.1
. Mean 0.77 0.55 0.82 0.94 - 0.55 0.79 0.48 0.87
1.2<a/d<2.0 (8)
COV(%) 8.4 18.4 11.5 18.0 - 24.0 26.6 40.6 18.1
. Mean 0.68 0.49 1.12 0.60 0.62 0.73 0.82 0.83 1.00
ald>2.0 (13)
COV(%) 21.5 28.0 29.9 23.8 31.3 21.5 315 30.8 23.4
(c) Ultimate strength classified by concrete strength

Conventional approach (V,u/ Vi)

Strut-tie model approach (V_.,;/ Vies)

Design variable AASHTO ACI  |AASHTO| Present
Zsutty EC2 |CEB-FIP|ACI 318 "LRED FIB 318M-08| -LRFD | Study
. Mean 0.76 0.55 0.72 0.90 0.65 0.55 0.67 0.54 0.85
fx<28MPa (12)
COV(%) 28.6 36.9 28.5 442 26.3 222 29.1 35.0 18.9
)| Mean 0.88 0.53 0.89 0.83 0.57 0.63 0.78 0.82 0.92
28 < f, <40 MPa (23)
COV(%) 24.1 30.4 31.9 30.8 39.3 25.7 23.0 26.7 23.7
. Mean 0.83 0.57 0.91 0.83 0.69 0.67 0.99 0.93 1.03
f.x>40 MPa (16)
COV(%) 17.7 16.5 31.5 24.7 27.1 27.3 31.2 41.6 243

(d) Ultimate strength classified by flexural reinforcement ratio

Conventional approach (V,.,/ Vies)

Strut-tie model approach (V,.,;/ Vies)

Design variable AASHTO ACI |AASHTO| Present
7 EC2 EB-FIP | ACI 31
sutty 2 |¢ CU3181 rep | T |318M-08| -LRFD | study
\ Mean 0.84 0.58 0.86 0.87 0.74 0.62 0.92 0.84 0.95
P/l p,<0.35 (22)
COV(%) | 21.1 24.7 36.9 24.1 26.8 28.1 30.0 38.3 272
.| Mean 0.84 0.50 0.92 0.75 0.50 0.66 0.82 0.79 0.95
035<p/ p, <0.5(17)
COV(%) | 25.7 23.6 27.1 36.9 26.4 19.1 22.8 30.6 21.3
\ Mean 0.81 0.57 0.77 0.94 0.73 0.52 0.63 0.52 0.81
p/lpy>05 (12)
COV(%) | 27.1 35.8 28.3 38.4 19.3 24.6 333 479 20.6
FE 27.8%% UEFSTH ACI 31878 I3 eSS A} sdon, HEAS E3 313%% thd 2A UebgTh

elE9] 0.85u1 2 HrtelR oy, HEASTE 32.7%= ©
4 3A ettt o] Agii=rde] 243 AASHTO-
LRFDE 34 =E A vz elEe] 0.620 = F4ag7}
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Fig. 5 Ultimate strength according to shear span-toeffective
depth ratio

LRFD"9] Z~Esl-glo] md AA7)5 742}
Ay 935452 0.61, 0.82, 0.75H] = AT
HEATE 25.6%, 31.5%, 40.5%= LERSTH
Eglglo] B 9 3tFEHlE&S ACI 318M-0
Elo] mdl MA 7| Fe] AL o] e uhy
T2 AY9ystEe] 0928 R Mg Y5 e S
PJIL HEA G 3 24.5%2 UEFT
SAAMSTI A5 4L He| = 9 A
< A8 98 AA ], Fa4
FJI HE v Wzt g S
59} Table 5(by= A7) 7ol
} A#RE Yepd Aotk 43

1
O

i
il

N
N
o
38

£

o2l
m o [o

o

rlo 0 -1u:
14 [
&

>

o,
N
-
ol
- N
32 ol

=)
)

oR
O‘rr"

=
<]
E o
=
-

ey o 2

2}
A
ol
RN A = R s e/

¥
2H e oo Forn Rt

2 8
i =

e A=A/ A

M

)
el o 031 2

N

2

g

Lo

o)

v

o

k1

>

flo

RN

R
i
b
of -y
18
ot
N
)
ol
o,

2

i _Q oM of nE Jfy o oy Flr
4
e
ol

f
&
22
o
fu
ot
AN
)
ot
38
&
o
rr
i
i)
=
T
O-
o
i
i)
o

o4==X|X| RC

A7 7 2 A% 72 Heo| AAdAe AEstA &
= YERl= éﬂri E 7 otk ol ARAERY
1%t CEB-FIP= A3 A =ndaes g2 d97
H|7} 2L JoolA] FAAEE 7P BHyF oz Hrt
Ao 2 UElgon, Aeg bzt & JolA
SAEE JJrEHJWM Atk Z2EBl-gro] 2d dA7|F
12<ald<2.0 ]oﬂﬂ TIPS M BEHom
7}eo B A %t‘z B7F Azpe] Aol i

o= Vghyt} o % 1.2 <ald<2.08 114 A7 7k
9] stedY HAUSS o WAUFLE A=
w3lgha JEslA] e F4F 2E-Eo| rde
Sl &S AR 7I9let= AoE FAET o
To] W e AAAH R At 7in e Wl BAG

J#A= T HwEd S5 FIAEE Hrbste Aoz

)

-

A

W T

ﬁLErw i
O g ot £ o o rlo i

=
YEbstth

Table 5(c)E ZIAYE &AL 7o W I3
L B3r7r A3E vag otk 43 Aederdo|

G
Ad EC2e ZAE gE7twe] Wil wel Fa7)
Bt Agels 2 x}o]7} o

7F STV HEAST =
" ACI 3182 -'—ELE]E.J OH%— 7t 2o oo
e 7 AFEA HrER oy HEASE 7
A veister, 2 E] 453wt F 99
AA=E FEa Hrietg oy MEATE 7}
LhERSE T iEE,i E}o] U@ /\474] 71 9 o2 AWT

GTE FAAEE e, Ao Yepstout
HEATE AX FIHAEE B3 UA H7ekA Es)
= AoE YERT o] AT WY FIAYE 4FAE
o TS FA4A ZESLEe] Rdo Hgy FxY
Al A aEE] FoBA 71EY o8 WRHEHdeE @
g FAYE ASFAE=e] ¥ste] wet S = 37t 4
o] A 2 AN S FAsE A2 e
Table 5(d)y= BHE2Y Y EFol W& F= H7t
A= Hlwg Zlojth. 4 At emdd 2748 EC2
2 ACI 3182 035<p/p, <058 SN FIA=E 7}
F ReHor Hrietdlon, ol AWiERdd 24
g+ CEB-FIP= ©| ®9lollA S es 7 Fsst 3
7vstaith. @ 2EE-go] By HAAVIFES p/p,> 0.5
Ao FIAEE FaHrksd o, o] Ao W
PHE ] F3bol| e Aere] AAdRiste] S st
FTEMES 248 AT R ZES-Ee] 29
HIEHY -zl Al Ads] ves] Fo2A 38204
71—0{] ® _t.

= IMe 2EEo] 2d WS o&
3 AEAA 2FAE gL 1] AV deldor

W2 20| 2FY ~ES-E0| 2E I SIB2ME (1) HEY EIH 21

Ol



FdE £ YrE AL 4o Rol BEAA AED _Eo Jor Structural Concrete (ACI 318-99) and Commentary
nd Y= AgAzis 9= AgAzie] Rda= wg (ACI 318R-99), Farmington Hills, Michigan, USA, 1999,
o o EER=REIe] W& Ja A 391 pp.
;]E: 5—4‘_ ;If];quﬁ g};] f:j :1; E@E?E Z]_;H] Hj;y}/\; 3. Eurocode 2, Design of Concrete Strutcures, Part I: General
- Sl e fle= = Tere /= Rules and Rules for Buildings(DD ENV 1992-1-1), Com-
gl-gfo] mdl AA o] H|Yg RN 1 FEH = mission of the European Communities, UK, 1992, 176 pp.
Egl-glo] BYl9] 3tFiulE 58 AtSATh o] AT 4. Zsutty, T. C., “Shear Strenght Prediction for Separate Cat-
N = AAE=FEANA Aekst FAHYH 2EZ-Elo] nd, egories of Simple Beam Tests,” ACI Journal, Vol. 68, No.
R g, el shERu g AR AFE) 9 2, 1971, pp. 138~143.
3 g dgo] £ 517 AL 4 B FIPEE 5. SI;);noitGTIlEluro-lnt;rrll;ti(c)lnzl du BetT,dczElfegglp4A34;;del Code
_ ‘ , Thomas Telford Services Ltd., , pp.
j a7l W, }i?é ‘;—lzol% EE}%ET?“@; ;1?1 k& 6. American Association of State Highway and Transportation
ZEZEo] B HAYIES ol&stel Wrtstalon, o Officials, AASHTO LRFD Bridge Design Specifications, 4th
AH}E A A v i stin Edition, Washington, DC, USA, 2007, pp. 5-1~5-264.
o] A2l WL J|E9] oy HH H|d| FIAY= 7. The International Federation for Structural Concrete (fib),
E v|w3 Y355 Hrrslg o, 3 AL 78 1o Structural Concrete; Textbook on Behavior, Design and
75 2 AZd JFS wx= Avz]), T E geigorr;;;v;:e VUfa’attecfg Ki;;wleldge of .the IC;?B(;FIP. Mocflel
= 51 = =] = g - ode olume 3, The International Federation for
o:}jif_l':_’ 1311 # Zé%j ° i :ﬁ’é 711 k‘ﬂ_:a? og:% Structural Concrete (fib), Lausanne, Switzerland, 1999, 292 pp.
= FEAE A7E A 7IE @Rl vis) Besial < 8. Rogowsky, D. M., MacGregor, J. G, and Ong, S. Y., “Tests
W A vEgEE & AT wEbA o] Aol W of Reinforced Concrete Deep Beams,” ACI Structural Jour-
He 2EgEo] Y WHE o] &3 dE 72 HY nal, Vol. 83, No. 4, 1986, pp. 614~623.
AA A 23T EY 93t AGAIGYES 7HT £ 9 9. Ashour, A. F., “Tests of Reinforced Concrete Continuous
= By ~eDl glo] mue] ALES 3tz 2ol HpS Deep Beams,” ACI Structural Journal, Vol. 94, No. 1, 1997,
= RENES &) mip A 710 Ho o pp. 3~12.
%i 7]-; ?]-71] < _E‘_L :};4 ?’ ﬂ: ‘:IiL 01%40 70}:;_? 10. Subedi, N. K., “Reinforced Concrete Two-span Continuous
71l © =2 WA= Fad 7:"]?1—"5“] ¥ A%t Deep Beams,” Proc. Instn Civ. Engrs. Structs., Vol. 128,
A vt = e 2AE AT Aoz AT 1998, pp. 12~25.
1. 285, “Fo] 742 dA&ne] Ahygd &gt A3F
AL = A A=, FAEU S A5t 2001, 80 pp.
12. Yang, K. H., Chung, H. S., and Ashour, A. F., “Influence of
o] RS 2010d% FR(LE ]2y APoz Shear Reinforcement on Reinforced Concrete Continuous
- _ _ Deep Beam,” ACI Structural Journal, Vol. 104, No. 4,
FFATAGE 7 2ATAR] ADL wol £ Zo|
2007, pp- 420~429.
TH2010-0016022). 13. Yang, K. H., Chung, H. S., and Ashour, A. F., “Influence of
Section Depth on the Structural Behaviour of Reinforced
23 Continuous Deep Beams,” Magazine of Concrete Research,
Vol. 59, No. 8, 2007, pp. 575~586.

1. American Concrete Institute, Building Code Requirements 14. Vecchio, F. J. and Collins, M. P., “The Modified Com-
for Structural Concrete (ACI 318M-08) and Commentary, pression Field Theory for Reinforced Concrete Elements
Farmington Hills, Michigan, USA, 2008, 473 pp. Subjected to Shear,” ACT Journal, Vol. 83, No. 2, 1986, pp.

2. American Concrete Institute, Building Code Requirements 219~231.

2 % o =wdMe A =Rl AL 44 2Eglge] Bd B stgavlE 284S ACI 318M-08 ~E

gl-gto] Bd AA7|E A8t sy dgo]l FaE Sl A&EAA AIITIAYE Ze B FHAEE FUIeH

3 AL 72 R SIAEE A, AF 9 o]E Aerdo] 71x3 AA7|E, 283 d 2EE-Eo| =Y

AAZIE SO Wrketal, 2 ARE o] Ao Wyl og Ao vl ste] o] Aol ek Wy o Ao

S ASsAh o] AT W 7|Ee] oy Wyl HlE| SR EE HlwH FEeA Brisilen, Ei St E

7 Al A& A B Ar 8 Awe 9FE vAe A7, FAYES] AFAE, 2 JHIH F FoA

ARTES] &S 71 RS vls Y esta daA4 g stk webA o] Ao W F ZEE-E

=

N
\S]
o
A
rHl
L
u
Im
o
1o
rir
Ao
i
Pl
N
w
H
X
for
S
=

O HT
g 7Vesl @ Zo® dddy.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


