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Introduction: Shear Decay
Wight and Sozen (1975)

12 column test specimens, indicated that
strength decay mechanism related to:

* Crushing and spalling of concrete.
* Yielding of transverse reinforcement
« Abrasive rubbing of concrete along inclined

cracks

Suggestion: P loNGTUoINAL stes,

» Transverse  reinforcement  must  be K Meon £, - 2.0k
proportioned to carry the total shear w STIRRUP STEEL
required to develop the ultimate moment z No. 2Bors Mo 3ban
capacity of the column RS Meant, 800k Maan t, 460k
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Introduction: Shear Decay

Sezen and Moehle Model (2004)
Based on 51 test results, a shear decay model was proposed in terms of the column

displacement ductility (factor k) : :
) _Afd (05VR P . N ..
V,=V.+ VC—A,—S-"— ( o OS\EAg)o.SAg (MPa) 3 1 X %ﬁq ggmu - -
6\/_ | .5 | | | | | |
V= Vet Ve= " s ( ald \/j_" g)O-SAg (bsi) | 00 1 ? dis:lacemenldu:‘liily ’ ’ ’

k = 1 for displacement ductility less than 2
k = 0.7 for displacement ductility more than 6

Shear Capacity
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Introduction: Shear Decay
Elwood and Moehle Model (2005)

Based on 50 column test results, a drift o

capacity model was proposed for RC .l 7
column. B ..l y o
g oy 2w o 000113 0% 00020
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v = maximum shear stress, obtained from peak shear °'°1'/:D’/D
recorded, V,/bd. 0.

0 0.01 002 003 004 005 0.06
drift ratio measured
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Introduction: Shear Decay
Choi and Park Model (2010)

Specifically proposed for drift capacity of | Tesie }
RC flexural member. Member ultimate J}Zg v v
drift is the smallest of:

: aﬂ gﬂ

r

Shear capacity, V,

Flexural failure

Shear force

*(Demand and capacity curve intersects. 21 | £ swou e 3Q [ourtucking

zohe Bar fracture
* Flexural compressive failure. e IR Sty b & LE
| Rebar buckling. F—— ,

: %Shear dlemand, V,
* Rebar fracture. | |

Eg St Esp &y o.&,
Compressive strain at the extreme compression fiber of the critical section
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Introduction: Shear Decay
AlJ, Architectural Institute of Japan(1997)

o,
. . 5 tand
Vu is the smallest of three equation: L 2 ‘ J
oo [
S5Pwe Owy b-D é bD
; ‘8 D 2
F D/2
/1'V'0‘b+pwe’0_W ) Gatal’lﬁ
Vy= E ‘beje Do
Simplified model Equlibrium
/I'V'O'b . Shear capacity due to arch action
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(a) Free body diagram (b) Equilibrium at nodal point
Equilibrium at a nodal point in truss action Equilibrium of shear force in fruss actio
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Introduction: Research Objectives

—

1. To evaluate the drift capacity of RC flexural
member.

oV, 2V, (M,) + Detailing

o=t { :; a ) i
N n .: k-4 . i ‘:.“
V. =V :Asf)!d - '-r NG
n= Vs S | K 1y

V. — d, ?

2. To investigate the effect different parameter
to the drift capacity of RC flexural member.
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Experimental Program

Nine (9) specimens were designed and tested.

: V
Primary test parameters: (1) Shear stress demand —

byd /fc'(psi)

(2) Spacing of transverse reinforcement, s

N S
Specimen Label Shear span Shear demand, psi B
s e bl d VMpr

b
L6_2.0 2.0 (0.2) 6(150) 6
L5 2.0 2.0 (0.2) (125) 5
L4 2.0 20 2.0 (0.2) 4(100) 4 19
M6_2.0 2.0 5.0 (0.4) 6 (150) 6 1.3
M5_2.0 2.0 5.0 (0.4) 5 (125) 5 15
M4_2.0 2.0 5.0 (0.4) 4 (100) 4 1.9
H6_2.0 2.0 8.0 (0.7) 6 (150) 6 1.0
H5_2.0 2.0 8.0 (0.7) 5 (125) 5 1.3
H4 2.0 2.0 8.0 (0.7) 4 (100) 4 1.6
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Experimental Program: Specimen Design

L6 2.0;L5 2.0; L4 2.0 M6 2.0: M5 2.0; M4 2.0 H6 2.0; H5 2.0: H4 2.0
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Experimental Program
Test setup and Loading History

; h:l'> v 12 ‘
(POSITIVE) (NEGATIVE) |
S 9 \ 8.00%
Strong wall . 0.02 in./sec I 0.04/in./sec
fop concrete Steel transfer beam ¢ SR (0.50 mm/sec) | (1.0 mm/sec)
block SA IS 1 00%
o \_/ 4.00%
1 — £ 3
B = |
R g £ ;
g o £ 0
. - - L '
8 o« Beam specimen 220 kips (100 tonf) R
] actuator T -3 |
N g or | 3.00%
- L |
o~ ]
. Al = -6 | 1
-8 Strong floor | 6.00%
) gt 9 . .
- o i ‘ 0.04 in./sec 0.06'm./sec
—t : (1.00 mm/sec) = (1.5 mm/sec)
-12
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a. Test Setup b. Loading History
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Experimental Results: Hysteresis

(Mpa)])

Specimens with low shear demand (2 /fc'(psi) [0.2 fc'

20 )
peak
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Experimental Results: Hysteresis

Specimens with low shear demand (5 /fc'(psi) [0.4 fC'(Mpa)])
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Experimental Results: Hysteresis

Specimens with low shear demand (8 /f '(psi) [0.7 fC'(Mpa)])
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Experimental Results: Drift Capacity Models
Elwood and Moehle Model (2005)

J Predicted d,, 30
3 4, 1 v 1 P 1 s 0
— +4—2 — - > (psi) —~60 . 0 =
L 100 bs 500 /fc 40 Agfc 100 £ Py * * P
" N A O
T 40 g S 4
v = maximum shear stress, obtained from V.., 5 \
a S
& 2.0
h RMSE (+) direction:1.82
0.0 - RMSE (-) direction:1.84
-8 -6 -4 -2 0 2 4 6 8

Specimen d, (%)

ALG 2.0 AM6 2.0 AH6 2.0
OLS 2.0 OMS 2.0 #HS5 2.0
L4 2.0 AM4 2.0 lH4 2.0
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Evaluation of Drift Capacity Models
Choi and Park Model (2010)

Jf;‘r

1600.0

1200.0

Vu (KN)

800.0

400.0

0.0L

Ex: L6 2.0

2
oy (e) ZfC’l2 (%) — (80) l for ¢ < g, —Hognestad (1951)

oy(e) =fc' — E (e —¢p)

Member ultimate drift is the smallest
between:

» Demand and capacity intersects.
*  Flexural compressive failure.

&p

* Rebar buckling.
* Rebar fracture.

6= g,(al3) for o, <,
0= ¢y(a/3) + ((I)a - (I)y)lh for ¢a < (I)y
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Predicted d,

8.0
",
6.0 N
4.0 S - A Bon
h ",
2.0 ' 23
"
AN RMSE (+) direction:1.92

0.0 ) RMSE (-) direction:1.68

-8 -6 -4 -2 0 2 4 6 <

Specimen d, (%)

ALG6 2.0 AM6 2.0 AH6 2.0
OL5 2.0 OMS 2.0 #HS 2.0
L4 2.0 AM4 2.0 WH4 2.0
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Evaluation of Drift Capacity Models

AlJ Model (1997)

Vu is the smallest of three equation:

8.0 .
5'pwe'0-[/lg/ b'D ,
Vy=u- coywv-bejet| Vo — tan@ \
u=HPweOwyDee ( b F 2 =60 \
s \
Avoptpwe owy | ~ .
V == ‘b ’j = \
u 2 ele s 40 5
1 % % q\ “ A EO&
Vo b . w ~
Vy= > ‘beje & 20 b - *
e M RMSE (+) direction:2.16
0.0 ~ RMSE (-) direction:1.87
g Predicted d, -8 -6 -4 -2 0 2 4 6 8
& . o
S— Shear demand curve using Specimen d, (%)
Choi and Park (2010) AL6 2.0 AM6 2.0 AH6 2.0
_ SLS5 2.0 OMS 2.0 #HS 2.0
. 0.0" . = = — i 2. _ _
EX. L6_20 0 0.01 0.02 0.; 0.04 0.0 0.06 |:|I_,4_ 0 nM4_2 0 .H4_2 0
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Experimental Results

Proposed

10.0 0.83
. 80 a
) *
2
T ou 6.0
oy
- A
3 °m
5_': 4.0 0.33 %
;i \ ;g"
2.0 oo 4 0.17
0.0 —10.00
0 2 4 6 8

Specimen d, (%)

ALG 2.0 aNM6 2.0 AH6 2.0
oL5_2.0 M5 2.0 #H5 2.0
OL4 2.0 M4 2.0 mH4 2.0

du(pred) =5.67-0.33

Vpeak

N

Predicted d, (%)

8.0
6.0 N-:
B~ CA
4.0 o..... 48 A 4
h ¢
2.0 : .
T RMSE (+) direction:1.14
0.0 bR RMSE (-) direction:0.89
-8 -6 -4 -2 0 2 4 6 8
Specimen d, (%)
. AL6 2.0 AM6 2.0 AH6 2.0
(ps1) OLS 2.0 OMS 2.0 #HS 2.0

(L4 2.0 OM4 2.0 WH4 2.0
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Conclusions

1. The beam deformation predicted by Elwood and Moehle
Model (2005), Choi and Park Model (2010), and AIlJ
Mode; (1997) underestimate the deformation capacity of
the tested specimens.

2. Transverse reinforcement spacing (s) seems not to have
significant effect on the deformation capacity. Specimen
d , that appears to be influenced more apparently by the
shear stress demand, increases approximately linearly as
shear stress demand decreases.

3. This study propose a simple drifty capacity model. The
main parameter in the model 1s the shear stress demand,
VM
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INTRODUCTION



Current Code (Prestressed)

Vn,ACI =\/c +Vs
Flexural Shear V = A\, fytd Web Shear
Cracking Strength (V) s S Cracking Stregnth (V)

V. =the lesser of V_ orV,,

V, =064,/ f/b,d+V, + VI\i/IM ere >1.74,/ b, d

Mmax

M. =ylt(6,1 v f,—f,)

V,, =(354/F/+03f,)b,d, +V,



UH Shear Design for Prestressed Beams

Laskar et al. (2010)

0.7
V. = 14[\;;"(1} ﬁbwd + A, fyt(%—1)+vp

Vc,max = 10\/T;bwd % > // d &

Vn,max = 16\mbwd - d

Minimum Shear Resistance




- Contribution of Concrete, V =V -V,

Laskar et al. (2010)

14
X
1.2 - -
X R §
\ Xe A
1 vox* ol. 5 &
\\\ b4 ° . : %0 & X ﬁ
[ |
08 \ ¥ " f ¢ A
= | 7. =083/ (MPa)b,d x © . i B 3
S s .
A *Ox
0.6 © 4
4 Hernandez (1958) o .
o Macgregor (1960) o X
x Mattock and Kaar (1961)
04 H ¢ Bruce (1962) 4
+ Hanson and Hulsbos (1965) 1.17 , \
= Lyngberg (1976) V. =7 v/(MPa)b,d
» Elzanaty et al (1986) (%,)
0.2 +H x Robertson and Durrani (1987)
Kaufman and Ramirez (1988)
o Shahawy and Batchelor (1996)
+ UH (2008)
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Maximum Shear Strength V, ..«

Laskar et al. (2010)

25
+ Bennett and Balasooriya (1971) ’
= Rangan (1991) AASHTO, 0.2257.
20 4 Ma et als (2000)
.0
A
15 x
UH 1.33,/f/
Ay
G| A
— | |
0 . ACT 0.833,/f!
* e
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v,25"
”,*
O _?‘ T T I I I
0 20 40 80 100 120



Current Code (RC)

Vn,ACI =Vc +Vs

g A
; S

V. = [1.9zﬁ +2500p, \|<;|d ]bwd <351,/ f/b,d

u

V., and V_ represent two different
behavior of concrete, however,
ACl takes V_ =V,



Objective

e To unify the shear strength design
equations of prestressed and non-
prestressed beams

 To provide a better shear prediction
equation incorporating factors,
such as arch action, compression
zone, size effect



DESIGN EQUATION



Unification of Three Concepts

Frosch’s compression zone concept

Hsu’s arch action factor concept

Bazant’s size effect law concept




Shear Equation

* Non-prestressed beams

V =V, +V,

n, proposed




Shear Equation

e Prestressed beams

Vv =V, +V+V,

n, proposed

0.7
V d 1
V =171 = f'b c F F <104,/ f'b cF F
c (M ] cw \/1+h/118 p° flange cCw p° flange

u

C=d(\/(pn)2+2pn—pﬂ) I:ﬂange =1.2




ANALYSIS RESULTS
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Contribution of Concrete-RC

‘ f(a/d) = K(g)_m




Contribution of Concrete-PC

V= A )

. . f(a/d)= K(g)m

J1+h/11.8

Fbc
N
7
H
\l
25
&
&
00*‘
“
*
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Contribution of Concrete-PC

V= A )




Contribution of Concrete-PC

d
VS=Avfyt(€)
3 2\
- f(a/d)=K(—)
'u_“ d
F|.|_|_"L 2
=
%O 1 -
oo &
>\; | $e ——
0 3 6



Analysis Results-RC

5IO | 160 | 150
concrete compressive strength, f(MPa)



Analysis Results-RC

K=17/
3 -
i _ 20 SRS
7 2 o
= 4 e o .
> W‘?iii
= * L 2

3

a/d



Analysis Results-PC

K=17

i HY

5IO | l(I)O | 150
concrete compressive strength, f.(MPa)




Analysis Results-PC




Flexural Shear Failure

800

Shear (Kips)

80 in.

Design Example 3

72 in.

l—

Aps = 10.85 in2
560
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10 40
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Web Shear Failure

1040

Example 2

203

| 304

(UH Research Report UHCEE 08-1)

713
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400
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CONCLUSIONS



Conclusions

(1) From examples, it can be seen that the proposed
method is simple in calculation and straight forward in
concept. Comparing the proposed method to ACI 318-14
using the RC and PC beams database shows improvement
In RC beams, and provides specific physical meaning to
unify the two failure modes in PC beams.

(2) One proposed equation can predict the two modes of
failures in prestressed beams. That is: web shear failure
at a distance d from the support and flexural shear failure
at about quarter point. Once the location of failure Is
predicted, the shear reinforcement can be distributed
logically in the failure regions.
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