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Abstract The shear friction analogy is based on the logic that shear force is transmitted through a
concrete interface with rough and irregular cracks. It has the advantage of easy calculation of the shear
strength using a simple formula by simplifying the complex behavior of shear transmission using friction
theory. However, according to the results of an initial non-crack shear friction test from previous
researchers, short-length inclined cracks occur at the concrete interface due to the increase of shear
force. After additional inclined cracks occur due to the rotation of a concrete strut, the strength limit
state is reached by compression failure of the concrete strut adjacent to the interface. In this paper, the
strength limit state was assumed to be compression failure of the concrete strut after the yield of vertical
reinforcement based on test results. A simplified strength prediction formula is proposed for the shear
strength evaluation of initial non-cracked direct shear members made of normal-strength and
high-strength concrete. The validity of the proposed formula was verified by comparing it with observed
values of non-cracked push-off test specimens made of normal and high-strength concrete by past

researchers and shear friction formulas from design criteria.
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AZAY AFERE o83 AIRPE A4l A8 A
1. M2 , d b
_ ol h oL v L]
19609 o] ¥ A (shear transfer) A5 WL‘ ]
o] A%t W2 AAAR A7 IFE U H 2o —leslip
. ' t
A2 Andersonll], Hanson(2] 5o ofs) =t Ty
ez sFENen, giiE & ZAE R reinforcement r
Y EHEE 22|E Ado] Higt AT Aol ot
s _
ojfgt AAZNE vFC=E Birkeland®} Birkeland[3], ) s
Mastl4le= ASHE Ao =332 J71g & seperation

Q= HdupE(shear friction) RES A5t om,
Mattock S[5-71°l 9ot} AP F714Q Mdnpz
Al@d3} 9 o2}l AFE Fof AAIEo] SH= S

Loove} Patnaik[8l= #BAGTHE FISIES A
2 A% JgES 2= ZYRLAE A Yol A=
ZAYER o|Rojd FAHE HAS S5to] Adnk
AMEo] gt AEAE ASE SHAT Y08 FAst
9o, Kahni Mitchell[9]2 Y]
Eof gt 7] #+2 € HHE,
& 2= ASASH AIEAE A

o

1

R -

sttt F ol A= Yang 511010
E ] HHH FxAF
£ 5 =4 - 9 g2 A+A= s
AT 0|24 S AT g A7 I
BUIE
Al GAFEL Fig. 1 (a)ol] E3H Ad}t Zo] m|
2] gt HoF HoA ¢ E& nln(slip)e] HAIRICH
£ 7PE v e, o] Mo A7 wigFo g AL HjA|
Sto] W] upEol o5 A3 HAohE Aot A
ot} FEHAAM] AsS Zaligt Fig. 1(b)2t 2ol
AT EFAAQl WO R P4 ZITE AW
Boto] Aol AGHHE =28 o A|dZdy
4 BMS 59 2] npEAsE BT olEoR
e i=g
o9} T2 Adupzt GALR A EIELR
12111 2@ ACT 318M-08[12]o| M= thea} o] A
2o npARE Foto] EIES A=
AxrteE st Sl

N

me 1o

v, = 1Py fy ®
Where, v,, is nominal shear stress(MPa) , p, denotes
ratio of vertical steel area, f, denotes yield strength

of steel(MPa), and p denotes friction coefficient
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Stresses

(b)

Shear friction analogy
(a) Shear-transfer between two interfaces clamped
with reinforcement, (b) Saw-tooth shear-friction model

Fig. 1.
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e 9] Z8H A7t 2golgE HIlsHA
= PTG AL AT ol FAlol ZHEste B
A Ao & viA ==, ol2fgt B Ad AsE +=
ZHog AYd 4 Qe o2 EfA0|E(tuss
theory)¥ ¥=%o]l2(compression field theory)°]
tzAo|tt, webd Ay doa B Ad A2 Al
w2t 42t A2 oE o]EE FE5H HoEH oAt
9] d/go] A=A =&l vlekE FulolA H=
397t Siot.

Mattock 9 Al@AT ] oJstd H|FE Mdrpz
AlRAA 9] AP AFNA BAREE D A7 = H
™ol A9 TEE|A] o, FARFE HA $of £4
H nndE FAEY el gt 23 E AEH
(strup)e] 3Jdo] FQagh ARleR BrE|ct. 1=,
F714R1 BARFE L] HA T} S Aol QIge EFE
BA-AEE0] FEfE o] gAY E(strength limit
state)o]l =T A0 R FAE Q) ojet T2 AF A}
ZRE AFAG Aol o3t A= AHY qt
Z Z7te] WE vng EYo = <l AW St
£ i E d9 g5 4 mdolgy] Bk AWl
A FAYE AEZ Y A5THE #8F  QUrh

ol%t =2E vl o2 Kim¥ Leell3]E EdAR
4g 7Hte g FdHAAY EFYE AA-ZHE HiA
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p=4
R

e Ettel=RA A24d AE, 2023

L

'Uu = \/(fc2_,max - pvfzvy) (Pvay) (2)
Where, v, is ultimate shear strength(MMPa), [ max

denotes maximum effective compressive strength

of concrete(MPa), p, denotes ratio of vertical

steel area, f, denotes yield strength of steel(MPa)

25-88A0A EAYE AES Y Y5A T AE
of Azhgo s Agste = Qo STt
A faodl= AskadNsoftening effect)”} et
yr, olg A4sty] 913t 2 714 o]&&°] AtE < A
=], 11 5 ti#EZAQ Aol Collins [14]19] $8¢=AT0]
Z(Modified Compression Field Theory, ©J3}F
MCFT)™} Hsul15]9] ASIE AR (Softening Truss
Model, ©J3} STM)o] Qitt. 2&{ut o & mdlo] A
BAE ol 8 A9, 58 BIXUY WY FERUE
D5 TEEAID £ Qe RS 2 o AR A
AsiAE A B2 (try-and-error)& 7ok She ¥~
2 eIt
Eurocode 2[16]9l4+&= AA] B FAo] AFHE Bof
2 ARBEE JO & sjAT AE v o gt
ZAYNE RADESf o ma S GFEE FEAT v

=
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250 Jek

maximum

3)
effective

f{‘k

denotes compressive strength of concrete(MPa),

f(fl,max = Vf(k = 0.6 [1 —

Where, denotes

fc2<,max

compressive strength of concrete(MPa),

v denotes a strength reduction factor

Kim3} Leex Loov®} Patnaiko] 93l 43w 43
At A|ZZAE o]83stod, Eq. )2 Eq. 3= 23}

o, £E YHYE, AHETH| @ ABA20] Fu

AEE WeR SHe SUHARAE APYALS Tt o]

ARk
)fck - pvay] (pvay)

v, = \/[0.6(1 -
@

Where, v, is ultimate shear strength(MPa), p,, denotes

fck

250

vertical steel ratio, f,, denotes yield strength of

vertical steel(MPa)
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Eq. (D= BAEHATE D (smeared truss model)&
7ldto g HaZEgeEE HWQe Aol 28 Tol¥(mohr's
circle)s B0l F-E3 AH 2745 Htg2o] Ao
He met AE A & 9 #8959 3R <
o 23 E AWHo|A S SEY 8ol Al AR
71g5to] 17 Wkl thgt 22 EQ] 72 HiA|
rogx, B%r 3 glo] AYAEE rdstHA ALt
& 5 e ARHE A

o] =2 npEAS: H8-Z wiAe Eq. (DE FHA
ooz gPsto] Agsr| gt 7hed HEE &
O = gt} olE o] AY AFAE(5,7,91°0] 3

BEAE 9 17% 232E 7] vdd APAT
ABAEY AGHE AS3UT Eq. (DE o83t Aktgh
9 ACI 318M-08, AASHTO LRFDI[17], CEB-FIP
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2.1 ACl 318M-08
ACI 318M-089] 3% Adtwpo] gt 54
T A2 o3 2
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T

s

V,=A,f, 1 5)
Where, V,, is shear strength(N), 4, is the area of
the

yield

shear

of

reinforcement crossing assumed

plane(mm?), denotes strength

fy

steel(MPa), i denotes friction coefficient

J9)3, Be. G AME FRAVLE V= 0
faA, 3.3+0.08f,)A, T2 1145 24
o BRAS p QAE A EAEY AS 14, W5
"o 2389 2717} o Gmm A% HES FAL AL
9= 2o 230 Az A 23250 49 10, 2
ne] A7) S gre 2 EAFEd] A2 W 227

=~

2
o3
BA

B

s
e

1
L



ARADS AFEHE o8 AdF =

E9| A% 0.6& AHESI=S st glom, Hef AgEa
ZEQ] H¢- 0.85 AAFEIYES Hofixe= 0.758
712 Foto] IFARLEE ALt

Eq. (5)= Ak §ARE] 7128 & AoH, ACI
318M-08941= Mattock®} Hawkinsol 9Js] +A=
HAdmbd o] &0 7|25t EE9] A AE A5t 3l
o} o] o] mEH Ak-Eo] AdHo +3Y H¢-
o tiste] IHARDE v, & The A o= ARt

v, =0.8p,f, +k ©
Where, v, denotes nominal shear strength(MPa),

p, denotes vertical steel ratio, k, is constant

714, k2 BEEZAE tis] 2.85 MPa, A4
F2IE0 U§AEs 1.4 MPa, 23 FAFEIZE0]
A 1.7 MPaolt}. o] g2 IAE W E3EH A
2 BHE 72 22 EIYE dig) BF HgHch
Eq. (0)°1A RA & vp&o] 7]ofsl= g vpEAS
0.82 83t Aolxl, B4 T2 At APo]| F7Ho=
7|ofok= WAL EEH Hetol| gt At
9] thdZ8(dowel action)?] & UERdTH

2.2 AASHTO LRFD

AASHTO LRFDE= 3 E9] J&ES xgoto] A
oulzke 1Ed EAATSGE 2 HadoEaer
A& ANST glor, ANE FPAIEE
0.25f,9F 10.3 MPag 223 & gtk

o =ctplpfy) @

b, s

Av.min z 0.35 (8)

Where, ¢ denotes cohesion coefficient, p

denotes friction coefficient, b, denotes width of

shear transmission surface(=900mm)(mm), s

denotes spacing of friction vertical steel(mm)

Eq. (7oA AZAS: o= GAZ eHdd E32E9
7% 2.8 MPa, AX EHE 2 22 Z23E A=
2 232 EQ] 79 1.7 MPa, 118} FHE zH= &
IHEQ] 739 0.52 MPa, 3 EQ} F&e A
A A9 0.17 MPag AMESHY, vpHAlS: pe YAIR

g
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s ZagES] 49 14, AN EUE 2 22
A2 Eof A2 X E42|EQ] 4% 1.0, vine 2H
e 2avE9) 49 0.6, 2ALE} PHE 44 A
Wl A9 078 A8okES 7Yk Uk

ol o i

2.3 CEB-FIP MC 90

CEB-FIP MC 9094+ AR BEHE 2= &2 23
g Eof| A2 2 E32E9] B9 Eq. (9) T+ Eq. (10)
< AMESIEE sk Qlth

2 1
Vy = 0.40 fck s (Ucd + Py fy ) ’ (9)
Where, o, denotes the magnitude of the vertical

stress acting on the concrete interface(MPa)

T=5s,v, (s, <0.10mm)
) -3

Where, s, denotes actual amount of slip(mm), 7

(10-2)

T

v

T

v,
(sa : 0.10mm)

3
5 ) =0.3s,—0.03  (10-b)

u

denotes actual shear stress(MPa)

2.4 Eurocode 2

Eurocode 29)4= A2 thE
E AW Adupz F=E o
ok

A1l Bt 242
Aoz APgsies st

v, =cfy, +po, +pf,(psina+cosa) < 0.50f
1n
Where, ¢ denotes cohesion coefficient, f, denotes
tensile strength of the weakest concrete(MPa), u
denotes friction coefficient, o, denotes the normal
stress acting on the interface due to external
loading(MPa), p denotes the reinforcement ratio;

Iy the of the

reinforcement(MPa), and f, denotes the design

denotes yield strength

value of the concrete compressive strength(MPa),
« is the angle between the shear reinforcement
and the shear plane, v denotes a strength

reduction factor
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Eq. (1DoA A&AS: c & vbdAls: p= 948 Y
ol 4% 0.5 MPa¥} 0.9, 82 Fo] AZA AY =
AE =E2A7IAY Tt 718 FHE B3 &F 40mm 7F

2ol Aol 3mm #3Ho] 9= EHQ 4 0.45 MPa
0.7, Vinge EES = 238EQ A9 035
MPa%} 0.6, A, EetAE k= Ed3] AlZE 24 A
Aol Bpdel vimee & OJ 7% 0.25 MPa?} 0.6

22 A8 s et

Eq. (114 ol3akse] oja 4ag2lo] dake ul
Aska, Agddo] FAE Awe] faow WA
A9, Astane vt £aEY SAYSYEE 4
859, theat ol ek 4 gtk

L

Eq. (12014 EF2E BT f,= E2ZYEY
AN B G AL, NEYSFEREE of

& AN olgsle] Bk 5 Stk

fa
250

v, =cfgtpf s 03( 12)

2

£, =03xf% (f,s 50MPa) (13-a)
fo=212xIn[1+(f,/10)] (f, > 50MPa)
(13-b)
3. MHZE WM AS

3.1 A3 AHe ME A AREL

X‘%ﬂ@% *l%izﬂb ZH o}%‘ FHOﬂ ohet FEASE LA
_.;ixqo] xl@qu:} NERES F1g 29} -8 F=A5H Al
AzA, A Aol 2gste Ad=a A dd
Hol Qg 23E TS Foto] gEeo] 2ga
o

ok A At vle} o] o] ERoHE Ay AT
Aol of3 € Fig. 29F &2 FHQ B 23
ZE 4 17 ZIYEE ARLSE 27] vFE I=A
o AT AR de Aghe Bgdtel APE

SEDREIEE S ER:E Y
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Shear transfer
reinforcement

| Shear plane

il

Fig. 2. Push-off Test Specimen

Mattock®} Hofbeck 5-2 Atupa AHof|A|9] Mt
A= B7FE Yl dEHE7T 40 MPa oJsi] HE4E
ZAYEE ARER Ofet EF7Y A Ad AlEE 5
Fololtt. ol AlPAle A9t AW 27|9E &
A -« Foll w2t 27|87 AFAR} 2719 ATEA
2 FEHY o] =RoAe ALY 72A AF
< B7R £ Qe 27EHE AEASH Al@AC| Hgk
A A AFEE ol8sto] AFE g 717 A=
2 ARgStglon, Aol AR AlRAIS] AlY 2 Al
ANZ Table 19 A5k

Table 1. Specification of normal strength concrete
direct shear specimensl5,7]

Concrete
Specimen Strength Pu Py f”?/ Pl Uu
(MPa) (%) (MPa) (%) (MPa)
1.0 27.9 0 0.000 5.604 3.3
1.1A 27.0 0.440 1.538 5.604 5.2
1.1B 29.9 0.440 1.455 5.604 5.8
1.2A 26.5 0.880 3.075 5.604 6.9
1.2B 28.8 0.879 2.910 5.604 6.8
1.3A 26.5 1.321 4.619 5.604 7.6
1.3B 27.0 1.319 4.364 5.604 7.4
1.4A 31.1 1.761 6.157 5.604 9.4
1.4B 26.6 1.758 5.819 5.604 8.8
1.5A 31.1 2.209 7.722 5.604 9.7
1.5B 28.0 2.198 7.274 5.604 9.5
1.6A 29.7 2.643 9.239 5.604 9.9
1.6B 27.9 2.638 8.729 5.604 9.8
M1 28.8 0.440 1.544 5.890 5.2
M2 26.9 0.880 3.199 5.890 6.8
M3 27.5 1.319 4.757 5.890 7.7
M4 28.6 1.760 6.178 5.890 7.9
M5 27.1 2.201 7.998 5.890 8.8
M6 28.4 2.641 9.598 5.890 9.1
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Table 2. Specification of high strength concrete
direct shear specimens[9]

Concrete | Concrete
Specimen Stregnth | Stregnth Py ij v,
NO. (28-day) | (test day) (MPa) (MPa)
(MPa) (MPa)

SF-4-1-U 37.0 46.9 1.758 6.7

SF-4-2-U 37.0 46.9 3.516 9.2
SF-4-3-U 37.0 46.9 5.274 9.9
SF-7-1-U 64.4 80.9 2.096 10.1
SF-7-2-U 68.7 85.6 4.199 10.1
SF-7-3-U 73.7 90.3 6.295 15.9
SF-7-4-U 70.7 86.0 8.391 17.1
SF-10-1-U-a 65.6 83.1 2.096 11.5
SF-10-1-U-b 76.6 98.8 2.096 10.6
SF-10-2-U-a 83.8 101.2 4.199 15.0
SF-10-2-U-b 81.2 102.1 4.199 14.3
SF-10-3-U-a 87.6 111.5 6.295 16.6
SF-10-3-U-b 78.1 96.1 6.295 17.0
SF-10-4-U-a 85.7 106.6 8.391 17.9
SF-10-4-U-b 84.5 113.6 8.391 18.4
SF-14-1-U 103.1 123.8 2.096 10.9
SF-14-2-U 94.7 119.7 4.199 12.5
SF-14-3-U 90.9 112.1 6.295 16.8
SF-14-4-U 94.9 110.7 8.391 17.9

3.2 ESZT Z32(E AX2| H|W Znt

Table 101 et vl7@ P=AeE ABA A=
2 23 YFE 30 MPag 71202 Slo] A
FollA sk ol AuEE BRIAR Eq. (), Eq.
©), Eq. (7). Eq. (9), Eq.(12) 2 o] =Foll AZop=
Eq. ()9} ¥]msto] Fig. 301 Helotoich. &, 48] #

o3}t BAQl e ARE-S 98] CEB-FIP MC 90 &
Burocode 2014 743t 389 s 9 FF IFHo}t

A dkow, 4 eHdE ZAE gt 4ol
2 goug 77t AX B I AEAZE Q48 7k
730l &sto] AkketH

o] I¥Z ATWEH, Eq. ()F AHEst A4 BE
e ZAE ARAY A s o B4
AEUI AR S YERE, AA Tﬂrﬂ%@é
TeH] P HAZe] FEE dEdsls
.

HE
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Uncracked Push-off Tests (f«=30MPa)
(Normal Strength Concrete, 1,M Series) Modified

o Shear-
) o°

Friction
. :
Equation (4)
-

LJ

= CEBFIP MC90
& ACI 318M-08
N Eurocode2

L

5 : ; ; ; ;

0 2 4 6 8 10 12
p. 1, (MPa)

Fig. 3. Comparison of ultimate shear stress of normal
strength concrete direct shear specimens(1,M

series)
AA71E sk A € Eq. DE °l85t A
A% st A2ule] Aolo] B I AeHgE ojx

B VucadT AEF (Vy e BIE Fig. 4%} Table 301
ERfQITh dSgtat AS3te] Blofl disiA BagRte =
H| w3k AHLo]= AASHTO LRFDOJA] F43}= Eq. (5)
o]g5to] ALFEE F= di&gko] A&kl 7P 23
Aog Yeteh T8y, I5ky du|9] A7)0 ot
HEFo] 311, Y7 AFAS H§- ASgko] A5t
z3s19iet. ol¢ks T2 Eq. D)= Akt I3k
g2 Y b o] 29 7|28} Eq. (6)T vl
Y=g 23 qlow, Ak FdH|9] F7t
EEEO] 3z gouzg HEJRT FIEZ
H_,] OH/H ol /\-174] ] Z—LQ_ 7].._./\-10]

[s]

2 o r% ftlo rlm rsh i
(0]

2.0
Mean cov
Uncracked Push-off Tests o  ac| 318M-08 0594 0179
(Normal Strength Concrete) @  AASHTO LRFD 2007  0.858  0.112
(1,M Series) © CEB-FIP MC90 0794  0.049
15} O Modified Shear-Friction 0.849  0.088
®  Eurocode 2 0708  0.171
@ Equation (4) 0.844  0.064
Vical
10 o
3 L4 o )
Viuest [ ee ® e° 8
8 S % e e ¢
o
° ' e o o, *e °
05} -
®
L]
00 . . .
0.0 0.1 0.2 0.3 0.4
Py

Fig. 4. Comparison of ultimate shear strength ratio
according to mechanical shear reinforcement
ratio(1,M series)
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Table 3. Comparison of ultimate shear strength(Normal strength concrete-1,M series)

AASHTOLRFD CEB-FIP Mod.
Specimen . ACI318M-08 2007 MC 90 shear-friction Hurocode 2 Eq- (@
l,M u, test
—series (MPa) Vicalt | Vucahr | Vucak | Yucak | Vacak | Vucali | Vicak | Yucak | Vacalt | Vucal | Vicak | Vicak
(MPa) Vi, testt (MPa) Vu, testt (MPa) Vu,testt (MPa) Vu,testt (MPa) Vu, testt (MPa) Vu,testt
1.1A 5.2 2.2 0.42 5.0 0.96 4.2 0.80 4.1 0.79 2.7 0.53 4.5 0.86
1.1B 5.8 2.0 0.35 4.8 0.83 4.4 0.75 4.0 0.69 2.8 0.47 4.6 0.78
1.2A 6.9 4.3 0.62 6.6 0.96 5.2 0.75 5.3 0.77 4.1 0.59 5.9 0.85
1.2B 6.8 4.1 0.60 6.9 1.02 5.4 0.79 5.2 0.77 4.0 0.60 6.0 0.89
1.3A 7.6 53 0.70 6.6 0.87 5.9 0.78 6.5 0.86 5.5 0.72 6.7 0.88
1.3B 7.4 5.4 0.73 6.8 0.92 5.9 0.80 6.3 0.86 5.3 0.72 6.6 0.90
1.4A 9.4 5.8 0.62 7.8 0.83 7.3 0.77 7.8 0.83 7.0 0.75 7.9 0.84
1.4B 8.8 5.3 0.60 6.6 0.75 6.4 0.73 7.5 0.85 6.6 0.74 7.0 0.79
1.5A 9.7 5.8 0.60 7.8 0.81 7.8 0.81 9.0 0.94 8.2 0.85 8.2 0.85
1.5B 9.5 5.5 0.58 7.0 0.73 7.1 0.75 8.4 0.88 7.5 0.78 7.5 0.78
1.6A 9.9 5.7 0.57 7.4 0.75 8.0 0.82 8.9 0.90 7.9 0.80 7.7 0.78
1.6B 9.8 5.5 0.57 7.0 0.71 7.6 0.77 8.4 0.85 7.4 0.76 7.3 0.75
M1 5.2 2.2 0.41 5.0 0.95 4.3 0.83 4.1 0.78 2.8 0.53 4.6 0.88
M2 6.8 4.5 0.66 6.7 1.00 5.3 0.78 5.4 0.80 4.2 0.63 6.0 0.89
M3 7.7 5.5 0.72 6.9 0.90 6.1 0.80 6.7 0.87 5.6 0.74 6.9 0.90
M4 7.9 5.6 0.71 7.2 0.91 6.9 0.87 7.8 0.99 7.0 0.89 7.5 0.95
M5 8.8 5.4 0.61 6.8 0.77 7.2 0.82 8.1 0.92 7.2 0.82 7.2 0.82
M6 9.1 5.6 0.61 7.1 0.78 7.9 0.87 8.5 0.94 7.6 0.83 7.3 0.80
Mean 7.895 4.757 | 0.594 | 6.658 0.858 | 6.271 | 0.794 | 6.780 | 0.849 | 5.741 | 0.708 | 6.621 0.844
VAR 2.440 1.719 | 0.011 | 0.762 0.009 | 1.650 | 0.002| 3.012 | 0.006 | 3.552 | 0.015 | 1.323 0.003
STD 1.562 1.311 | 0.106 | 0.873 0.096 | 1.284 | 0.039| 1.735 | 0.075 | 1.885 | 0.121 1.150 0.054
Ccov 0.198 0.276 | 0.179 | 0.131 0.112 | 0.205 | 0.049| 0.256 | 0.088 | 0.328 | 0.171 | 0.174 0.064
3.3 1T ZI2|E AEFQ Hlm Z} -
Uncracked Push-off Tef(s 3 CEB-FIP MC90
Table 20] Helet 7%= 2aeE vFd A=A} (ra=100M7, 10-U ofrle)
NBAe) Azgke RaRE YRS A7l wekes | 5
Eurocode2
MPa, 100 MPa % 115 MPa A| 372 FE3o] HE 3 1 U -
#w 2a2E APASt FYR ZAOR Fig. 5, Fig. 6 Sof
-
. =) AASH LRFD i
9 Fig 791 212k Belstoict. Shear Frcion
51
20
Uncracked Push-off Tests
(fck=85MPa, 7-U-seriies) o 0 L L L .
. Equation 0 2 4 6 8 10 12

- CEB-FIP-MC90

;-3 Eurocode2
= .
~ y 4 Modified

AAS LRFD Shear-Friction
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A.f,, (MPa)
Fig. 5. Comparison of ultimate shear stress of high
strength concrete direct shear specimens(7-U
series)

p.t, (MPa)

Fig. 6. Comparison of ultimate shear stress of high
strength concrete direct shear specimens
(10-U series)

Eq. ()& o83t AklE A A&k CEB-FIP
MC 909] Eq. (9)¢} frAleHAl ATn|e] Z7tof] wet
Ao g F7Hg0] TAEE TA Bg] FEHE Yehd
th BEAE ZIE AEAQ A g5k FdY] o
7t 8 MPa O]l F7o| A Eq. (HZ AXbd 3t
ASEo] Eq. (9)F ol&sto] Akkd etk Fck 1
2u 17 E £32EQ Boll= Eq. (99 a2 4] Eq.
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_ _ . Ur‘\cracked Push-off Tests o ACIZ1EM-08 Mean cov
Ao Z7tol| wet Zol7t AXE S YERHITE ggﬁ_‘::ﬁ;{:;‘mcre'e) ® AASHTO LRFD 2007 8j§§§’ 8j§§§
@ CEB-FIP MC90
238 E ¢=7%7t 85 MPa, 100 MPagl Ao 15t O Nodied ShearFrton 70108
urocode 0.483 0.133]
CEB-FIP MC 90°] A=zt 71 SAkE A9RS UEr o @ Eauation(4) 0.823  0.063
- Vica °
Hlot, 115 MPad] F¢olle Eq. O Akt 4= = R R
7 A23re 2391 Ao ek, = B O et °
ook A Ba. (W= Ak Fehgele 2aze o S8 e e B e
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TFEE 2951 ke bS] ZFEg dEsis 2 i , ‘ J
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o2 uehdrh Litn
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Uncracked Push-off Tests CEB-EIPMC90 Fig. 8. Comparison of ultimate shear strength ratio
(fek=115MPa, 14-U-seriies) ®  Equation (4) . . :
= according to mechanical shear reinforcement
sl ratio(SF-U series)
Eurocode2
— 3 . _
g W4% 2aE APAHE gaor AA7IE0lA
S 10t - - 21 o= -
FHSE AE B Eq. (2 olste] AN o5 B
2elel 27l whe Se ARse A 4o
5H - -
H|E Fig. 8% Table 4°] Yetligict. di5gkat A=4h
o] HE Hgto=nt vud 7fol= CEB-FIP MC
% 2 . 6 s I 12 90014 F45k= Eq. (9)F ol-&sto] AXlst B o=
ALy BE2) grol A=gkel 7P sk AoE Yeisth 18,
Fig. 7. Ctomp?;;lson of Liltm?te ihez}tlr stress of‘ high o] A= 9sky F2u|7} S AL, dj&gro] A=zt
stren, concrete direct shear specimens L R _
- P o Ao RN AX BRgl IFE F7] Yol
(14-U series) o = -
Table 4. Comparison of ultimate shear strength(High strength concrete SF series)
AASHTOLRFD CEB-FIP Mod.
Specimen Vitest ACI318M-08 2007 MC 90 shear-friction Burocode 2 Eq. (4)
1,M-series (MPa) Vucar | Vucak | Vacalr Vicat | Vaeak | Yucak | Vacalt | Vucak | Vaecalr | Yucak | Vaeak Vicalt
(MPa) Vu, testt (MPa) Vi, testt .&P a) Vi, restr_| I&P a) Vitestr | (MPa) Vu,testt (MPa) Vu,testt
7-1-U 10.1 2.9 0.29 5.7 0.57 9.6 0.95 4.5 0.45 4.2 0.42 8.0 0.80
7-2-U 13.6 5.9 0.43 8.7 0.64 12.5 0.92 6.2 0.46 6.2 0.45 11.1 0.82
7-3-U 15.9 8.8 0.55 10.3 0.65 14.9 0.93 7.9 0.50 8.1 0.51 13.4 0.84
7-4-U 17.1 10.2 0.59 10.3 0.60 15.8 0.92 9.6 0.56 9.9 0.58 14.6 0.85
10-1-U-a 11.5 2.9 0.26 5.7 0.50 9.7 0.85 4.5 0.39 4.3 0.37 8.1 0.70
10-1-U-b 10.6 2.9 0.28 5.7 0.54 10.9 1.04 4.5 0.43 4.4 0.42 8.4 0.80
10-2-U-a 15.0 5.9 0.39 8.7 0.58 14.0 0.93 6.2 0.41 6.3 0.42 11.6 0.77
10-2-U-b 14.3 5.9 0.41 8.7 0.61 14.1 0.99 6.2 0.44 6.3 0.44 11.6 0.81
10-3-U-a 16.6 8.8 0.53 10.3 0.62 17.1 1.03 7.9 0.47 8.3 0.50 13.9 0.84
10-3-U-b 17.0 8.8 0.52 10.3 0.61 15.5 0.91 7.9 0.46 8.2 0.48 13.6 0.80
10-4-U-a 17.9 11.0 0.61 10.3 0.57 18.3 1.02 9.6 0.53 10.2 0.57 15.4 0.86
10-4-U-b 18.4 11.0 0.60 10.3 0.56 19.1 1.04 9.6 0.52 10.2 0.56 15.5 0.85
14-1-U 10.9 2.9 0.27 5.7 0.53 12.7 1.17 4.5 0.41 4.6 0.42 8.6 0.79
14-2-U 12.5 5.9 0.47 8.7 0.70 15.7 1.26 6.2 0.50 6.5 0.52 11.8 0.95
14-3-U 16.8 8.8 0.52 10.3 0.61 17.2 1.02 7.9 0.47 8.3 0.50 13.9 0.83
14-4-U 17.9 11.0 0.601 10.3 0.57 18.7 1.05 9.6 0.53 10.2 0.57 15.5 0.86
Mean 14.755 7.105 | 0.459 | 8.753 0.591 |14.741| 1.002 | 7.046 | 0.471 | 7.268 | 0.483 | 12.193 | 0.823
VAR 8.339 9.481 | 0.017 | 3.708 0.002 | 9.154 | 0.010 | 3.755 | 0.002 | 4.896 | 0.004 | 7.389 0.003
STD 2.888 3.079 | 0.130 | 1.926 0.049 | 3.026 | 0.101 | 1.938 | 0.048 | 2.213 | 0.064 | 2.718 0.052
COoVv 0.196 0.433 | 0.283 | 0.220 0.083 | 0.205 | 0.101 | 0.275 | 0.103 | 0.304 | 0.133 | 0.223 0.063
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