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Outline

@ Timeline of changes by AASHTO
SCOBS T10 Tech. Comm.-Concrete

€ Describe each method; give pros, cons

@ (will skip shear friction §5.8.4)

@ Longitudinal steel (sectional methods)
@ Torsion

® Recommendations w/disclaimer




TFimeline

& ‘OX “Summit Meeting of Shear Experts”

® '94 1st Ed.—Strut-and-Tie/plus:
e Sectional method--MCFT/using's 6 Tables
e For non-PS sections, f= 2.0 and '@ = 45°

€ '98 2nd Ed., '99 Interims--Strain revised,

@ '07 4th Ed.—modified V

measured at mid-height — changes by 50%

® ’'04 3 Ed., 05 Interims—Principal f, limit of
O.ll\/f’c, methodology from Seg. Guide Specs

¢i» Voo (NCHRP 549)
@ '07 4™ Ed., '08 Interims--Canadian shear ( “)

® '07--New Seismic Guide Specs w/ductility

method




Fhe Choices

@ Jectional methods
7 o Simplified MCFT w/tabularized 6, s

e Simplified MCFT w/8 = 45; f=2.0 (85.8.3.4.1)
_ o Simplified MCFT w/eqns for 6, 5(85.8.3.4.2)

e Option to use modified V , V,, (85.8.3.4.3)
{o Option for segmental bridges (85.8.6)

& Member methods

e AASHTO LRFD Seismic Guide Specs
e Strut-and-Tie (85.6.3) Y =




Tabularized “€, /' Method

@ 3implified form of modified compression
field theory (MCFT) by Colhns,
Mitchell—a complete behavier model

@ V. Is dependent on the applied ¢ and v,
by adjusting £in'V,=0.03164 _b.d,
@ Angle of diagonal compressive stress

considered in stirrups: VAR
S




Table 1 Values of § and & for Members with at Least Minimum Shear Reinforcement

ik Longitudmal Stramn, &_»1000
? < < < < < < < = < = =
j 020 -010 |-005| 0 |0125|025 (050|075 | 100 | 150 | 200
< 0.075 6 |22.3° 20.4°| 21.0°| 21.8°| 24.3°| 26.6°| 30.5°%| 33.7°| 36.4°| 40.8°| 43.9°
£ 1632475410 |3.75|3.24 294|259 238223195 1.67
< 0100 g | 18.1°) 20.4°| 21.4%| 22.5%| 24.9%| 27.1°| 30.8%| 34.0°| 36.7°| 40.8°| 43.1°
S 1379|338 324314291 (275|250 232|218 ]1.93|1.69
< 0125 g | 19.9° 21,99 22.8%| 23.7°| 25.9°| 27.9°| 31.4°| 34.4°| 37.0°| 41.0°| 43.2°
G 1318299 294|287 (274|262 |242]2261(2.13|190 ]| 1.67
< 0150 g | 21.6° 23.3%| 24.2°| 25.0°| 26.9°| 28.8%| 32.1°| 34.9°| 37.37| 40.5%| 42.8°
£ 288279278 |272|260 252236221 |2.08|1.82]1.61
< 0175 g | 23.2°| 24.7°| 25.57| 26.2°| 28.0°| 29.7%| 32.7°| 35.2°| 36.8%| 39.7°| 42.2°
£ 1273]2.66]265]|2.60]|252 244228214196 |1.71|1.54
< 0200 g8 | 24.7°| 26.1°| 26.7°| 27.4°| 29.0°| 30.6%| 32.8%| 34.5°| 36.1°| 39.2°| 41.7°
F1263 (259252251 243237 (2.14(1.94(1.79|1.61 | 1.47
g | 26.1° 27.3%| 27.97| 28.5° : :
<0235 5|0 | 5as |2 | 240 | 1TETALION @VOIdANCe—
< 05| 0 |275°| 286° 20.1°] 20.7¢ C5.8.3.4.2 permits
- T F 239239233233

v = Vi/bydy

assumption 0.5coté=1.0




Table 1 Values of § and & for Members with at Least Minimum Shear Reinforcement

ik Longitudmal Stramn, &_»1000
? < < < = < < < < < < <
‘ -0.20 | -0.10 | -0.05 0 [0125] 025 | 050 | 075 ] 1.00 | 1.50 | 2.00
oors| @ 223720490 21.0°) 21.8°) 24.3°| 26.6°| 30.5°| 33.7°| 36.4°| 40.8° 43.9°
P |632]475(410 375|324 294259238223 195|167
< 0100| € | 181°)20.4°) 21.4°) 22.5°) 24.9°| 27.1°| 30.8°| 34.0°| 36.7°| 40.8°| 43.1°
f3.79|3.38 (324314201 |2.75|2.502.32|218|1.93|1.69
< 0105 0 | 19:9° 21.9°| 22.8°| 23.7°| 25.9°| 27.9°| 31.4°| 34.4°| 37.0°| 41.0°| 43.2°
£ 318299 (294|287 274 |2.62|242]2.26]|213|1.90 |1.67
< 01s0| € |216°)23.3°)24.2°) 25.0°] 26.9°| 28.8°| 32.1°| 34.97) 37.3°| 40.5°| 42.8°
£ 288279278 M :
a2 05N, +0.5(V, =V, )cot 0 - A, £
<0750 ol o3 266 | 2.65 | 16 =| — JEATEA) < 0.002
< 0o0g| @ 2477 26.1°)26.7° I I
B$263]259(252|251 243 237 21410419 L6l 147
6 | 26.1° 27.3°| 27.9°| 28.5° - -
<0235 5|0 | 5as |2 | 240 | 1TETALION @VOIdANCe—
< oaso| B 3757 28.6° 20.1°) 20.7¢ C5.8.3.4:2 permits
_ 1A 12391239 ]233]233 Jgssumption 0.5cotd = 1.0

v = Vi/bydy




Equilibrizm;

Average Stresses:

[foﬂ_af' + veotf -j"

Ly =l +y tanf -/,

Fz =v tand + cotd) - f.

Stresses at Cracks:

« v cotd - v cotf

P =
-‘J,:t-'m _}.-I.'

ppjmaf; +vitand - v tanf

Geometric Canditions:

Average Strains:

£ =(€ 1:talrtjlﬁl +E)/(1+ tan’8)

€,=(€, +€and) /(1 +tan’d)

Yo 2 2(6,-EQ ftand

tan¥ = (g, - €;) (€, - €y

Crack Widths:
W= !'E-E.l where

o 21/ 328 et

Average Stress-Average Strain
Relationships:

Reinforcemeant:

| Ixn=EE = [ aa

=55 < fpua

Concrete:

e s ]

8.8 +170e,

I
t T 'fum 51

f1:

Allowahla Shaar Stress on Crack

Figure 12 Summary of Relationships Used in the Maodified Compression Field Theory




0= 45, = 2:0,/a = 9079

@ Non-PS members

@/Components less than 16-in. thick
¢ V,=0.0316 8" b, dy

@ Vs:Vu'¢Vc

_ AR, (cotd cota)sing
S

vV

@ Note—some DOT’s using for all
members!




Explieit Eqns for “ 6, 5

@ Direct solution—Canadian Stds Assoc.,
2004, VN P k-

~1+1500¢,
_ A f,d, cotd

S

assume vertical stirrups; 6 =29+ 7000¢,
S

@ AASHTO '08—adopted “Canadian”
equations, moved S—60 Tables to App.
(Caltrans--continue using f—60 Tables)




Modified-Std. Specs--or
*Veiy Voo Method”

@ 4t Ed. (07)— V_ and/V_(85.8.3.4.3)

Kuchma and Hawkins, “Simplified Shear
Design of Concrete Members” NCHRP
Report No. 549, 2005




Pros cons

® Familiarity w/past @ Not\a complete

@ Ancestry never had mechanistic model
iteration ® Less accurate per

& Incipient cracking calcs along many
more appropriate for components
Service @ Not the tool of choice
when “sharpening the
pencil”

(5




Table 8 Comparisons of Selected Design Database

Required o f (psi)
No. Description®
LEEFD | STD CSA |Modified| R2k
STD
1 |Pre_ S5 I-shape v =132 ks, dist=2.9 t (d) 820 | 958 801 1065 618
2 v=1.03kst, dist=5.01t (0.2L) | 729 660 504 762 412
3 v =0.68 ks1, dist=7.5 ft (0.3L) | 570 309 603 451 206
4 v =034 ks1, dist=10 ft (0.4L) 225 50 271 119 69
5 |Pre..SS., Bulb-, v=1.02ks1, dist=5.3 ft (d) 429 552 359 586 400
6 v=0.76 ks1, dist=10 ft (0.2L) 394 297 404 382 270
7 v =0.50 ks1, dist=15 ft (0.3L) 281 50 265 234 140
8 v =0.24 ks1, dist=20 ft (0.4L) &9 50 89 89 &9
15 |RC, S5 Rect, v=0.67ks, dist=24 ft(d) 438 518 440 600 330
16 v=045ks1, dist=3.6 ft (03L) | 246 295 264 352 230
17 v=0.22ks1, dist=4.8 ft (0.4L) 77 65 17 101 53
15 |RC,55.. T-, v =129 ksi1, dist=29 ft (d) 953 | 1139 903 1290 850
19 v=115ks1 dist=3.6 ft (0.2L) | 823 991 605 1126 120
20 v=076ks1, dist=54 ft (0.3L) | 522 607 515 700 430
21 v=0 38 kst cist=7 2 ft (0 4T.} 735 276 104 276

* Note

Pre : Prestressed, Post.: Post-tensioned
SS: Simply Supported, Cont.: Continous
I-Shape: I-Shape Section, Bulb: Bulb-T Section

dist: distance from support (ex: d — effective depth. 0.1L - 10% of span leneth)

¢b.d,

. . V -0.9xV]
v: design shear stress calculated from v = L= 2277P




Table 8 Comparisons of Selected Design Database

10
11

13
14

1)

No.

Post.. Cont., Box, v=0.66 ks1, dist=5.2 ft (d)

RC. Cont.. Rect._

* Note

Required 0, f (psi)

Description*

v =0.35 ks1. dist=28 ft (0.2L)
v =10.02 ks1, dist=56 1t (0. 4L)
v =0.40 ks1, dist=84 {t (0.6L)
v =0.78 ks1, dist=1121t (0.8L)
v =107 lsi dist=135 fi (L-d)

v =10.29 ks1, dist=2.7 ft (d)
v=0.23 ks1, dist=3.6 ft (0.2L)
v =10.03 ks1, dist=7.2 ft (0.4L)
v = 0.29ks1, dist=10.8ft (0.6L)
v = 0.55ks1, dist=14 4ft (0.8L)
v =062 ks1. dist=15_3ft (L-d

Pre : Prestressed, Post.: Post-tensioned
SS: Simply Supported, Cont.: Continous
I-Shape: I-Shape Section, Bulb: Bulb-T Section

: . V -0.9xV]
v: design shear stress calculated from v = '—‘D
.;aE;T(r‘,.

dist: distance from support (ex: d — effective depth. 0.1L -

LRED

115

164
637

112
77
77

110

297

391

STD

50
100
50
113
50
473

135
71
50

135

393

460

10% of span leneth)

CSA

167
111
125
206
Sla

178
104

176
462

537

Modified | B2k
STD

99

104
150
553

158
138

77
158
333
396




Segmental Shear 85.8,6

® Taken from 89 .and '99 Guide Specs for Dgn
of Segmental Bridges—Similarito Std. Specs

PPN =V, +V,; V, =0.379,/f"b,d,

' = 1+ Fie <
where xS vadv ‘

f,c = unfactored compressive stress in concrete
after prestress losses have occurred either at
the centroid of the cross-section resisting
transient loads or at the junction of the web
and flange where the centroid lies in the

flange




Longitudinal Steel Check

J{V—“—VID —O.5V3Jcot(9

v

€ Open issues W/EQ 5.8.3.5-1

e Use max M, and max V, ? Or, max M,
and assoc. V,? Max V, and assoc. M,?

e Which girder distribution factors (gdf)?

e Apply skew factors? M-V interaction not
considered in their development;
exacerbated w/skewed support conditions

@ Caltrans. . L




Strut-and-Tie (85.6.3, §85/8.3)

@ Simultaneous flexure and shear

® Use when distance fram face-of-support to
O-shear is < 2d

e Use when a girder |load is within 2d to face-

of-support
e In other words, use when plane-sections
don’t remain plane!
@ Common applications: integral bent
caps, C-bent caps and footings,

outrigger bents

& Requires “thinking outside of the box"l &I




Where are plane-sections-remaining-
plane?

LIVE LOAD

- , - . Equally Divided
Jb= 4N/




Example: Two - Column Integral

Bent Ca ) .
P Reimnforcement Detalils

/
/f Stirrups: 4 #6

/
/f Stirrups: 4 #6




Selsmic Shear

VC - VcAe where A - O.8A

V—OOSZa[ )ﬁ min) 0

f
Ogg _ Sorw+367
: [015 “DJ

f (spiral,hoop)=p, f,, <0.35; p, =

f,(rectagle)=2p, f,, <0.35; p, =



Torsion—is. 1t/right?

@ Before 3" Ed,, '05 Interims
e Specs were silent on'modifying V, for T,
e For p—@table, v, and ¢ modified for T
e Result: lower values for g and hence V,

@ Changes 3" Ed., '05 Interims
e \V, modified for T,
e Silent on modifying v, and sfor T,




Conclusions and
Recommendations

@ Consider which methedolegy will be
used for rating or iIssuing permits; then
set design policy

@ Strut-and-tie Is more appropriate for
Knee joints and loads from framed gdrs;
ook for NCHRP Report in the future

@ For columns subjected to extreme
events, see the new Seismic Guide
Specs
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