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MCFT for BrDR Users

A primer for using MCFT in Load Rating
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Figure CBS5.2-3—More Accurate Calculation Procedure for Determining &«
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MCFT for BrDR Users

Concrete Shear History: ASD HB-9 1953/1965

 Simple stress based
* Constant concrete shear capacity not coupled with flexure and load-independent

* No direct consideration of shear inducing tension in flexural reinforcement

* Simple, constant shear reinforcement capacity

(2) Shear FORMULAS:

Beams without web reinforcement: Shearing unit stress, as a measure of diagonal tension:
Longitudinal bars not an- v
chored or plain concrete v="pis
footings ; 0.02 f’. (max. 75 psi.) J
Longitudinal bars anchored 0.03 £, (max. 90 psi.) Stress in vertical web reinforcement:
Beams with web reinforcement V=0.075 f’_bjd V’s
Horizontal shear in shear keys be- Ly Ajd
:)2::: :rl;;bboaxnc;irzt::: o '+ 0.15 £, When a series of web bars or bent-up longitudinal bars are
used, the web reinforcement shall be designed by the following
formula:
V’s

A= f.jd (sin a+cos a)
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MCFT for BrDR Users

Concrete Shear History: LFD HB-12 1977

* Simple stress based
* Optional minimal coupling of shear capacity with flexure and loading

* No direct consideration of shear adding tension in flexural reinforcement

 Simple, constant shear reinforcement capacity

{B) Shear Stress Carried by Concrete

{1) For members subject to shear and flexure only, shear stress carried by
concrete v, shall not exceed 21/f’. or (.1661/T') unless a more detailed calcu-

lation is made in accordance with (4).
(2) When shear reinforcement perpendicular to the axis of the member is

(4) For members subject to shear and flexure only, v, may be computed used, the required area shall be computed by:

b
Y (Vy = Ve )by
vV d _ (6-22) A=
v = 1L.9/T, + 2500 py, —\‘;u iy

d
or (.158 VT + 17.2,0“,(\:51—11))
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MCFT for BrDR Users

Concrete Shear History: LFD HB-17 2002 (iast published edition)

 Chapter 8 Reinforced Concrete

8.16.6.2.1 Shear in Beams and One-Way Slabs and
Footings

For members subject to shear and flexure only, V. shall
be computed by,

Vv, = (1.9 JEL 42,500 p,, ;Iii]bwd (8-48)
u

or,
V. =2 Vf/b,d (8-49)
Note:
(a) V. shall not exceed 3.5 \/f_J b, d when using more
detailed calculations.
(b) The quantity V,d/M, shall not be greater than 1.0
where M, is the factored moment occurring simultane-
ously with V, at the section being considered.

8.16.6.3.2 'When shear reinforcement perpendicular
to the axis of the member is used:
A, f,d
V, = (8-53)

s
S

WIJE / ProMiles

* Chapter 9 Prestressed Concrete

9.20.2.1 The shear strength provided by concrete, V.,
shall be taken as the lesser of the values V or V.

9.20.2.2 The shear strength, V, shall be computed
by

Vi =0.6 f/b'd+V, + LM (9-27)

max

The moment causing flexural cracking at the section
due to externally applied loads, M,,, shall be computed by:

M, =Yi(6 JE+E £y 9-28)
t
9.20.2.3 The shear strength, V., shall be computed

b
L Vew =G5 4031 )bd+V,  (9-29)
9.20.3.1 The shear strength provided by web rein-
forcement shall be taken as:
A fd
S = S

(9-30)
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MCFT for BrDR Users

Concrete Shear History: LRFD 1994 1st Edition - Introduction of MCFT

* Unified approach for both nonprestressed & prestressed concrete

* Flexure & shear are coupled complicating load rating -- optional iterative process
* Concrete & shear reinforcement capacities variable based on loading & diagonal cracking angle
* New design consideration that shear adds tension in flexural reinforcement

Table 1. History of the American Association of Highway and Transportation Officials’ (AASHTO's) adoption of the modified compression field theory for shear

Year ‘ Notable Change to Concrete Shear Design | Specifications
e Modified compression field theory is introduced.
* Tables and iterations are needed for € and S.
1994 e Strain & is calculated at middepth or at maximum strain location in the web. AASHTO LRFD Bridge Design Specifications, 1st ed.
e Minimum shear reinforcement increased about 50% over the AASHTO Standard
Specifications for Highway Bridges (2002).
e An alternate method called the simplified method is introduced. It requires the evalua- ) Same method as LFD Chapter 9 Prestressed Concrete
tion of two nominal concrete shear resistances: the shear resistance when inclined crack-
2007 ing re_sults from combined sr_lear a_nd_momen'g v, _and the shear resistance when inclined AASHTO LRFD Bridge Design Specifications, 4th ed.
cracking results from excessive principal tensions in the web V_ .
* Load and resistance factor design (LRFD) is required for all federally funded bridge
designs.
2008 e Closed-form solution is provided (iteration is no longer needed). . . o
e Strain &, is calculated at tension reinforcement. AASHTO LRFD Bridge Design Specifications, 4th ed.
- - - - Interim Revisions
2010 e LRFD is required for all bridge designs.
2017 * Alternate method (the simplified method) is removed. AASHTO LRFD Bridge Design Specifications, 8th ed.

Source: Federal Highway Administration.
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MCFT for BrDR Users

Concrete Shear History: LRFD 2007 4t Edition — Simplified Formulas

v, = 0.0316 B[ b, d,. if the procedures of

Articles 5.8.34.1 or 5.8.3.4.2 are used (5.8.3.3-3 5.8.3.4.1 Simplified Procedure for Nonprestressed

Sections
F = " - ro _ 3=2.0
F. = the lesser of VF and F,, 1t the procedures of L_dsj
Article 5.8.3.4.3 are used
o A fd (cotB + cota)sino .
i": - {5- H-J- 3'4} Table 5.8.3.4.2-1 Values of 0 and p for Sections with Transverse Reinforcement.
5
% £, % 1,000
VM .
_ ! i cre o’
V,= 0-02\1‘/(- bd +V, + 2 0-06\1 J.bd, =020 | =010 | =005 | =0 | <0125 | <025 | =050 | 075 | <100
M, <0075 223 204 21.0 218 243 26.6 05 | 337 36.4
<« 632 | 475 4.10 3.75 394 2.04 250 | 238 2.73
(5.8.3.4.3-1) =0.100 18.1 20.4 214 225 240 271 08 | 340 36.7
3.79 338 324 3.14 291 2.75 250 | 232 2.18
V = (0_06 //" +0.30 )b_d_ +V (5.8.3.4.3-3) =0.125 19.9 219 22.8 23.7 259 27.9 314 34.4 37.0
ew Je Jpe JTvEv D T Simplified Formulas -- 318 299 294 287 2.74 2.62 242 | 226 2.13
. R =0.150 216 233 242 25.0 26.9 288 321 34.9 373
essenpally same simplified 2.88 279 278 272 2.60 2.52 236 | 221 2.08
equations as LFD Chapter9 <0175 232 | 247 255 | 262 220 297 327 | 352 | 368
I . 273 266 2.65 2,60 2.52 2.44 228 | 214 1.96
5.8.3.5 Longitudinal Reinforcement Prestressed Concrete but — = > > - = - -
re-written for £'c in ksi units <0200 247 26.1 26.7 274 200 30.6 1R | 345 36.1
‘Mu N v : 2.63 259 252 251 2.43 237 2.14 1.94 1.79
A, [ +ASf, 2—+05—+| | ==V |05V |cot <0225 261 | 273 279 | 285 [ 300 30.8 323 | 340 | 357
bodo, 3 ) 2.53 245 242 240 234 2.14 1.86 173 164
<0250 275 8.6 201 207 30.6 313 328 | 343 358
(5.8.3.5-1) 2.39 239 233 233 2.12 1.93 1.70 1.58 1.50
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MCFT for BrDR Users

Concrete Shear History: LRFD 2008 4t Edition Interim Revisions

5.7.3.4. 1—Simplified Procedure for Nonprestressed

Sections
.= 0.0316B 11 b.d. (5.7.3.3-3)
B=2.0
J'Lfd (cot© + cot ar)si 8 =45 degrees
f.d (co cot ¢) sin o
yo= by (5.7.3.3-4)
s
; VM, S ) ) )
v :0-02ﬁb.d. FV e > 0.06ﬁb_d_ Simplified formulas Equations provided to directly compute B & 0 from
“ ey M ceny removed in 8t edition longitudinal strain, ¢, at level of flexural reinforcement.
(5.8.3.4.3-1)
Vo =(0.064f"+030f |bd +V 5.8.3.4.3-3
o ( ‘//_ Y f"") v ( ) 5.7.3.4.2—General Procedure
B= 4.8 (5.7.3.4.2-1)
5.7.3.5—Longitudinal Reinforcement (1+750¢ )
M N V = 5.7.3.4.2-3
Af, +A5ja__2|—"+{}.5—“+ 4 _p,|-0.57, |cotB 0=29+3500s, ( )
d\'q)f ¢'-:' v : )

(5.7.3.5-1)
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MCFT for BrDR Users

MCFT Methodology Background

* Analytical model for predicting load-deformation relationship in concrete in
shear

* Fundamental publication:

* Vecchio, Frank J., and Michael P. Collins. “The Modified Compression-Field Theory for
Reinforced Concrete Elements Subjected to Shear.” AC/ Journal 83-22, March-April 1986:

219-231
* Accessible online from the VecTor Analysis Group
* https://www.vectoranalysisgroup.com/journal_publications/jp2.pdf
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MCFT for BrDR Users

MCFT Methodology Background

* Key assumptions
* Membrane stress (In-Plane Shear and Axial Stress)
* Uncracked concrete is capable of carrying tension; Cracked concrete is not

y
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Fig. 2 — Membrane element (a) Average Strains in Cracked Element
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MCFT for BrDR Users

MCFT Methodology Background

* Stress and strain in cracked, reinforced panels

-
fz v
{ s ‘\\/ P o2
e
I P — A 61 €
2ma 7 T~ 2
¢ e "‘—-—__‘_‘_H__\ -— —
LA P //
— — — — /
(a)} Panel loaded in Shear ‘
el i, . € € 2
SR R o SRR Re T e S =
4 ﬂ (a) Softening of comp i t strain curve due to
B transverse tensile strain

laz .
i Eq.(6)
(b) Calculsted average stresses (¢} Local stresses at crack I
€ € atcrackslp €,
Fig. 4—Reinforced concrete panels subjected 1o shear (b) Average tensile stresses in cracked te as a function of €,

Fig. 5—Stress-strain relationships for cracked concrete
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MCFT for BrDR Users

Reinforcement

Cracked
Concrete

Reinforced
Concrete

MCFT Methodology Background

* Conclusions of the paper are summarized graphically

principal tensile strain in concrete (positive quantity)
principal compressive strain in concrete (negative quantity)

£, =

} Stress Conditions [ Strail:l Conditions l

L4

£; =
€, = strain in x-direction
= strain in y-direction

I, = stress applied to element in x-direction

I = stress applied to element in y-direction
.g |

v = shear stress on element relative to x, » axes ?
o
@

Ultimate
v Yield
/'\;/.-—0-...__
Cracking

¥

e —

Fig. 20 — The modified compression-field theory for

membrane elements

WJE / ProMiles

AASHTOWare Rating and Design Bridge User Group Meeting 2026



MCFT for BrDR Users

MCFT Methodology Background

* Design Equations for Shear

* Fundamental publication:

* Collins et al., A General Shear Design Method, ACI Structural Journal 93-S5,
January-February 1996

* Very similar to Appendix B5 in the current spec
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MCFT Methodology Background

(a) (b) (€)
Cross-section Shear Longitudinal
stress strains

y
N

bed s —
. (d) (e)
Biaxial strains Tension in
in web web reinforcement

Fig. 6—Beam subjected to shear, moment, and axial load
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Fig. 7—Determination of strain €, for nonprestressed beam

M /d)+05N +0.5V cotf—A
£ = ( i v) u u p.sfpo >0 (7)
* EA + EPA ps
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MCFT Methodology Background

General Method .
Detailing Rules

Longitudinal steel must be
detailed so that

V,:F£+F,+1-’P

l,.-"'r = ﬂffbvdp f A J- HH nj h‘rﬂ
Af + > — + _—
sty T psipr
v = @_ d cot@ da, @
where 8 and 6 are functions +(f!n - 0.5V, - i;)nmﬂ
of the strain, €, shear stress, », ¢

and crack spacing s_
where
V-¥

"7 b4,
and

M /d +05(N +Vcothy-4 Strain at flexural tension steel level,
€ = =t AN ) Nf-"“ not mid-height as in Appendix B5
x F.;i A+ E’A'
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MCFT Methodology Background

Table 1—Values of 6 and [ for members with web

; : . reinforcement
* O and  combinations ensure:
. . " Longitudinal strain £, x 1000
e Stirrups are nearyield (¢ > 0.002) 77 =0 [<025 =050 [<1.00 | s150 | =200
* Principal stresses in concrete do not exceed <0050l 098 | 270 | 285 | 290 | 360 | 410 | 430
crushing strength T B 488 | 349 | 251 | 223 | 195 | 172
X i ) 0075 Bdeg | 270 | 275 | 300 | 360 | 400 | 420
[ ] o ] !
Th.e fqllowmg relatlorjshlp between averagg . = 3 | 488 | 301 | 247 | 216 | 150 | 165
principal tensile strain in concrete and strain in o 1oo| Bdeg | 233 %5 | 305 | 360 | 330 | 390
. =, I o 1 —
steel reinforcement: B 326 | 254 | 241 | 209 | 172 | 145
couso Bdee | 250 | 290 | 320 | 360 I 365 | 370
g = £ + [Er-n- [].EHIH[[ - ill — — (1an® + cm{-}}(ﬂ.ﬂ - L?ﬂzl)]l cot 8 (13) - ; 2.55 | 245 2.28 193 | 150 1.24
L N T - ) coann 098 | 275 | 310 | 330 | 345 | 350 | 360
T B | 245 | 233 | 210 | 158 | 1.21 1.00
Bdeg | 30.0 32.0 33.0 35.5 38.5 41.5
< (0.250
B 230 | 201 | 164 | 140 | 130 | 125

Note: for B values in MPa units divide given values by 12.
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MCFT Methodology Background

B 'dl'muu v, )cot6
‘l_l ............. r/

Flexural ‘ €c
------------- -+ compression Coe-o ——dp”
0.5h flange

Flexural
@Sh ension el

side

U Vp)
Web N, ( }/ / dy
: .-y
- Act -~

€

v s

_ Flexural b,
J X tension
A A, flange

/ >
T = ‘dJ"h" u -V, )cot 8 Calculated Strains
Actual Section

Idealized Section External Sectional Forces
Figure CB5.2-3—More Accurate Calculation Procedure for Determining &«

Forces in Flanges

ZMC =0=Mu+ N V,—Vp) Cot(— Td,

WJE / ProMiles
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MCFT Methodology Background

 Assumed value of 26.6° for O is reflected in current specification:

In Egs. 5.7.3.4.2-1 through 5.7.3.4.2-3, &, is the net
longitudinal tensile strain in the section at the centroid of

the tension reinforcement as shown in Figures 5.7.3.4.2-1
and 5.7.3.4.2-2. In lieu of more involved procedures, &

may be determined by Eq. 5.7.3.4.2-4:

MH
(| S OSN, —Vp\—ApSfpoJ

g, =
E A + EpAps

(5.7.3.4.2-4)
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MCFT Methodology Background

* REFERENCES:

* Vecchio, Frank J. and Michael P. Collins. “The Modified Compression-
Field Theory for Reinforced Concrete Elements Subjected to Shear”.
AC/l Journal 83-22, March-April 1986: 219-231.

* Collins, Michael P., Denis Mitchell, Perry Adebar, and Frank J. Vecchio.
“A General Shear Design Method”, AC/ Structural Journal 93-S5,
January-February 1996: 36-45.
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MCFT Issues in BrDR

AASHTOWare Bridge Analysis TAG MCFT-related Issues

* BSSD-3560 Longitudinal reinforcement check A f < Af,

* BSSD-4053 Low shear capacity when A ¢ not on flexural tension
side of beam cross-section

* BSSD-4782 Applicability of Minimum M, limit for load ratings

* BSSD-5167 Non-convergence of iterative shear capacity when M,
changes sign

* BSSD-5725 Effect of strand development on A, when computing
longitudinal strain, &4

* BSSD-5758 Assuming longitudinal strain =0 when M, <M., --
differences between Art. 5.7.3.4.2 & Appendix B5.2
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MCFT Issues in BrDR

AASHTOWare Bridge Analysis TAG MCFT-related Issues

* AASHTOWare Bridge Task Force Chair, Jen Hart, along with Analysis
TAG co-chairs, Yihong Gao & Robby Tennant, have reached out to
AASHTO Safety & Evaluation and Concrete Technical Subcommittees
seeking clarification of LRFD design specification and MBE provisions

* AASHTO technical committee chairs have facilitated TEAMS meetings
with Concrete Subject Matter Experts

* Two meetings held this year with two additional meetings planned

* Goalis possible preparation of AASHTO ballot items for next year
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MCFT Issues in BrDR

* BSSD-3560 Longitudinal reinforcement check A f < Af,

5.7.3.5—Longitudinal Reinforcement BB A R

For pretensioned sections, including those with

debonded strands, the tensile force in the prestressing NO EXPLANATORY OR
reinforcement, A4,.f,.. shall exceed the tensile forces of QUALIFYING COMMENTARY
the nonprestressed reinforcement, A.f,.. at all sections.

Development of straight and bent-up strands as well as
overhangs, if present, shall be considered for
determining the value of 4,,s and Af,.
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MCFT Issues in BrDR

* BSSD-3560 (continued)

P anmgBiidges(LRFD) - Structure Definiion #1 - G2 Nearly all negative moment due to DL2 & LL
resisted by mild steel reinforcement in deck
Beam Lengths £
‘
" i
AR AR M S
H-{‘H“‘ ‘ ||| [T e e e e ‘ |H ||HHH ‘ ||| LTI
Beam Proectons Il ! B.H.,[a..
Bearing Offse! S

Span Lenglhs - nor Pretensioned simply-supported for DL1
N

concrete beams with harped strands
* X denotes diaphragm locations
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MCFT Issues in BrDR

* BSSD-4053 Low shear capacity when A ¢ not on flexural tension
side of beam cross-section

S R & A
. - . , P
Sp§0|flcat|on stipulates relnforgemgnt e~
being located on ‘flexural tension side’ 1 b~ I

* For post-tensioned members, A ¢ Is -
. , :
typically defined as a total force located o.lsn A\z&?\ tension
at along a c.g. profile . .

* Implementation becomes problematic in s
moment reversal zones (1+750,)

(5.7.3.4.2-1)

0=29+ 3500, (5.7.3.4.2-3)

* Significant shear capacity reduction when &
FHOSN, ¢ V.-V,|- 4,7, J

A, = 0 (essentially RC member) T EY¥E (573424

WJE / DPOM"ES AASHTOWare Rating and Design Bridge User Group Meeting 2026




MCFT Issues in BrDR

« BSSD-4053 (continued)

13284

Emigrant Pass Interchange - Emigrant
111372025 CONTROLLING POI LOCATIONS
Cross Section Transitions 60"x2"-0"  60"x10-0" ) 60"x72'-0" ) 60"x8"-6" s 60"x8'-6"
‘ ‘ 5.57" ‘K T 5760 ‘ ‘
13

.
-

I I
1 I
RN | 1 ——— . DTy
: 1 T 1 o hj by
& i / iy . © - =]
Span Lengths " 96'-0" " )
Relatively flat P/T tendon profile
near girder section mid-depth
“ 350" R
.C-: + - y s | J— v ':O#
\ { S £ 1
i 40 ™ \'\.‘. \-“. f”‘ ‘-""‘l b a0 g
\ "‘\‘. ,‘-‘"‘ ‘.’.; r"’.’
‘l‘."\,‘ ‘ \\ f‘/ "l‘f
TYPICAL SECTION | .
@57.60' | —
I 7 'l‘ -7 2002 o 7o ¥
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MCFT Issues in BrDR

« BSSD-4053 (continued)

* Prestress force is known to be vertically distributed
and not applied at a single height location, but exact
location of individual tendon paths may not be known

O ep onh Be eE endon D
_ . o 57| 477 d'(13){ 1-9 %" 4778 5TV
a(13) 4.9 28 2 3 i 50%| 4-1% T s d(T2)] 13" 41 50U
d(T2) 3-3° 20" 447 50Y - e [ S g A 45
d(T1) 1-9° 1-5 177" T1sz_\_\ 3109 46 4" whL : [ T (== i ]
/é
20 60’ 60’ 20’
50' 55 15 |
160’
120’
Span 2
Span 1 p
d' = dimension from bottom of box girder to cg of tendon strands
Post-Tensioned Box Girder Design Manual June 2016
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MCFT Issues in BrDR

« BSSD-4053 (continued)

Reinforcement details at Critical Section 1:

Rebar in Tension zone:

* Excerpt from FHWA Pub FHWA-HIF-22- Sum of Botom Seel Reinforcement

A, =13.3in’

025 Concrete Bridge Shear Load Rating 4 =i
Guide & Examples: Using Modified Ritasinlomgpessionzane

Sum of Top Steel Reinforcement:

Assumed
1 1 A =375in?
Compression Field Theory =375 depth
Post-tensioning steel: / distribution
» 1 1 1 1 1 Assuming the area of post tensioning strands is spread across 10in deep for calculating of 4, in
° 1 O Vertlcal helght dIStrIbUtlon depth flexural tension and compression side. -
a SS u m ed fo r A Number of Strands =200
pS Strand Diameter = 0.6 in.
o Spec gUida nce for distribution height Of Strand Area =0.2171n.? Total strand area proportioned into both top and bottom
A, =43.5in2 «— portions of MCB depth assuming 10" vertical distribution.

Aps WOUld be benefiCial Depth of strands =d, = 35.5 in. (from top)

Aps.1op=10.9 in? H/2=66"/2=33"
Aps,neg — - \— 355" + 5" = 40.5"
Aps.bor = 32.6 in? 35.5" - 5" = 30.5"

(33"-30.5")/10"x 43.5in"2 = 10.875in"2 ~ Use 10.9 in"2
Aps,pos 10.9in"2 /5 webs = 2.18 in"2 / web
43.5in"2 - 10.9in"2 = 32.6 in"2

32.6in"2 /5 webs = 6.52 in"2 / web

115

WJE / DPOM"GS AASHTOWare Rating and Design Bridge User Group Meeting 2026




MCFT Issues in BrDR

« BSSD-4053 (continued)

ALTERNATIVE SOLUTION

* AASHTO LRFD specs recognizes issue
* Verbiage included in Article CB5.2:

“In some situations, it will be more
appropriate to determine g, using the more
accurate procedure of Eq. CB5.2-1 rather
than the simpler Eqs. B5.2-3 through B5.2-5”

* Consideration being given to add ‘Moment
Curvature’ (moment-shear strength
interaction) in BrDR based on explicitly
computed mid-depth strain, €,

WJE / ProMiles

SECTION 5: CONCRETE STRUCTURES 5-295

APPENDIX B5—GENERAL PROCEDURE FOR SHEAR DESIGN WITH TABLES

B5.2—SECTIONAL DESIGN MODEL— CB5.2
GENERAL PROCEDURE
For members containing at least the minimum
amount of transverse reinforcement, &, can be taken as:

E,+&,

2 (CB5.2-1)

8.\: =

where g and e, are positive for tensile strains and
negative for compressive strains.

In some situations, it will be more appropriate to

determine &, using the more accurate procedure of
rather than the simpler
through For example, the shear capacity of
sections near the ends of precast, pretensioned simple
beams made continuous for live load will be
estimated in a very conservative manner by
through [B5.2-5] because, at these
locations, the prestressing strands are located on the
flexural compression side and, therefore, will not be
included in A4,,. This will result in the benefits of

prestressing not being accounted for by|Egs. B5.2-3
h-BS.Z-S.

through
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MCFT Issues in BrDR

* BSSD-4782 Applicability of Minimum M, limit for load ratings

M
(|d +0.5NH+VH—VP‘—APSprJ

. (5.7.3.42-4)
EA +E,A,
where
|M,|=absolute value of the factored moment at the
section, not taken less than [V, =V, |d, (kip-in.)

WJE / DPOM"ES AASHTOWare Rating and Design Bridge User Group Meeting 2026



MCFT Issues in BrDR

« BSSD-4782 (continued)

495" 50'-0" 495"

CONTROLLING LOCATION
SPAN 2 - 45.00"
12 1-3 118 16 unit 1 -7 \< 119 1-10 11 n1-13

22 23 *o 028 26?2 27 *s 210 2t Fo 2213
~—133.0 deg —133.0 dea —133.0 deg . —133.0 deg.
1 . ) } P Unit 3 } P } } ) T
¥ / 317 N 3-2 3-3 * 5%, 33-5 ‘\\ Mg 3-7 pad BN 339 ‘\\ 3-10 B-11 o 5%, 33-13 ™~
% AN i 1 » 1 1 1 3 1 1 i % i \
AN . _ - \‘,
S “1 v a2 a3 Yo Sus o UM ug g e Su v a0 g % 4413 v
P i ' 2, 1 ' 1 2, ' 1 1 >, i
S / 5-1 5-2 53 s i55-5 units 5-6 5-7 .5 159-9 5-10 i5-11 .5 156-13
s, b ) o, ) b ) >, b ; ) o, )
; ‘ ~__Unit6 ‘ ‘ ) } ‘ ‘
-2 6-3 *o s, 66-2 6-6 -7 o, s, 869 610 611 o, s g6-13
h h , ; ; { 3 h h : 3 b
‘ ‘ Unit,7, ‘ . ‘ ‘ ‘ )
72 7-3 > RN 775 7-6 77 > S 77-9 7-10 7-11 i CiN i77-13
> y s / s /
2, 2, ¥,
Beam Lengths ’ 49-10" y 49-10" B 49-10" )

Horz. Shear Reinf. Spacing
Vert. Shear Reinf. Spacir3 SPA.@ 7 1/2‘:1'-10 1/2" 17 SPA.@ 1'-3"=21-3" 8 3&1” 17 SPA@ 1'-3"=21-3" 3SPA.@73SPA.@7 1/ZL:1‘-10 1/2" 17 SPA.@ 1'-3"=21"-3" 8 BE“ 17 SPA.@ 1-3"=21-3" 3SPA@73SPA.@7 1/2‘:1'-10 1/2" 17 SPA.@ 1'-3"=21-3" 8 3&1” 17 SPA.@ 1'-3"=21-3" 3SPA.@ 7 1/2"=1-10 1/2"

e e e e e | R Neas:ua NANRNARNARN]

RRRRRANALIWlARARRR
Beam Projections & GH:HJL»GH Stirrup spacing increased

from 7.5" to 15".

x

o

X x x x x X x x

N @
N @

Bearing Offsets 7 I

Span Lengths ” 49'-5" » 50-0" " 49'-5" N
Notes: . .
* /[;Ilgseam length dimensions are hariz. S| m ply—SLI p pO rted DL1 , CO ntln uous D |_2 & |_|_

* X denotes diaphragm locations.
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MCFT Issues in BrDR

« BSSD-4782 (continued)

Spec Check Detail for 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance

6R.4.2.1 shear - 5 Concrete Structures

62.4.2.1 Shear - 5.7 Shear and Torsion

62.4.2.1 Shear - 5.7.3 Sectional Design Model

62.4.2.1 Shear - 5.7.3.4 Procedures for Determining Shear Resistance

(RASHTO Manual for Bridge Evaluation, Third Edition with 2024 Interims)
PS Tee — At Location = 94.4167 (ft) - Left Stage 3

Calculaticn of Beta/Theta

-—— (Appendix B Option)--——- Mild steel reinforcement in deck for -Mu
Es = 25000.004 (kips/in"2}
phi = 0.500
f'c = 4.500 (kips/in*2)
fy = 40.000 (kips/in"2)
nhgg diam = 1.000 (in)

No prestress strand area for -Mu

Ve Z ~20.738 lkipe) LRFD Eq. 5.7.3.4.2-4 / B5.2-4 "Minimum Mu" provision
A= (pas? ; 0.000-' () (u;Zd .]f:n: Posj = |Vu = Vpl X dV '215.7 k'ﬂ

2s(neg) = 4.400%in”2) (used g c ‘
Rps(pos) = 2.740 (in"2) M for Positiwe Mu) oncurrent rorces . g
0,
Zps(neg) = 0.000 (in"2 (used for Negative Mu) (85%} Of -MU,maX @ InteI'IOI' SUppOf't)
fpo = 105.000 (kips/in~2
Ec - 3865.202 (kipa/in2) 80X larger than computed concurrent Mu
Limit Load Epsilon Theta Beta Governing Mu Act Zv s
State Comb Action
(kip-in) (kip—-in} (in) (in) (in) {in) (in"2) (in~2) (in~2)
STR-II 1, PermitS~ -0.000048 3z2.23 4.79 Max M 2443.33 2443.33 18.00 27 575 27.72 A G 384.00 0.41 0.00
STR-II 1, PermitS~ 0.000583 46.31 2.17 Min M —1108.19 1558.64 18.00 30.54 30.594 26.19 862.73 0.40 4.40
STR-II 1, PermitS~ -0.000064 3z2.21 4.81 Max V el el 18.00 247 575 27.72 23.47 384.00 0.41 0.00
STR-II 1, Permit8S~ 0.000530 50.04 1.76 Min V I -32.1e 2557.€0| 1&8.00 30.54 30.54 26.15 862.73 0.40 4.40
SER-I 1, Permit8~ -—-0.000057 3z2.21 4.81 Max M Too-1 ujupe gy 18.00 27.72 27.72 23.47 384.00 0.41 - 0.00
S ERT, j 1, O e e S o (g ptmmsnin B M‘QZ”W‘——LIW an Agmemee, loeeeh. L o2 20 94 o O o NPT TR S

1 ChR P 7 Split - Permit Truck + Lane
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MCFT Issues in BrDR

* BSSD-5167 Non-convergence of iterative shear capacity when M,
changes sign

e Contraflexure region

[* »
| 1 1 —-=
F - WEBT —
= K-
4 o
E =
=1 <
- WEBZ
=) > I
1 @ S
E B )
s A 1T
> S B
“ @
%3 o2
2 2
] % 2
e 1 L
2 3 =
w w @
=3 B )
— WE
x £ \ L
- = -
=] > 2
3 5
"~

B ‘74
g 2
- 2
) & 5
L WS 1
o« o« 2
& o o
= -
E el

ot WEBTOE —— T —
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MCFT Issues in BrDR

e BSSD-5167 (continued)

WEB 8

72'-8"
g e T = AT AT
s - b
o & b N
~ @0
=
o
, - - e - , , - e ;
: 8-2 172" 79" 79" 79" 79" 7-9" 79" 79" §-2 12" J
70-8"
Schematic Web Properties :
MCB Cross Section Ranges ;;;-;;;ﬂ;;;-:-;-
. Area = 1757.50(in"2)
x @ W | eo% Inertia = 771085.78 (in"4)
PT CGS located 0.47" above H/2
50 0552 Jorer e 2;-2;:12)2’ resulting in all Aps area
JEWETTAAVE OC - Span 1-2 (MDL 1 of 1) ' assigned to NEGATIVE moment.
10/30/2025 Eff Aps = €.86 (in"2
Eff CGS = 27.47(in)
Cross Section Transitions  54"x1'-3 7/32" 54"x16'-0" 54"x84'-13/16" 54"x6'-054"x3-54"%3"-17/3254"x6'-0"
n n
[ 54" — 27.47" — I [ ] W
I Ad v
1 L ————— T
F T ™ - N
@ T 1 2 = S
N f:? 1 ] o~
® 1 ® R
Span Lengths ” 110'-4 1/2" :
1
1

Span 1 0.8L = 88.30'—
C/L Pier

WIJE / ProMiles
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MCFT Issues in BrDR

* BSSD-5167 (continued)

ck Detail for 6A4.2.1 G

eral Load Ra

6A Load and Resistance Factor Rating

6A.4 Load Rating Procedures

6A.4.2 General Load-Rating Eguation

6A.4.2.1 Concrete Shear General

(RASHTO Manual for Bridge Evaluation, Third Edition with 2024 Interims)

PT MultiCellBox Web 8 - At Location = B8.3040 (ft) - Lefc Stage 3

® Ve ry d iffe re n‘t load ::::::Ra:ing Factor Calculations
ratings for essentially Condition Factor 1.0000
the same live load e o~ e G

DC Shear (Min) -100.7014 (kip)

[}
b

DW Shear (Max) = -1.6585 (kip) e ] ore oad ra 0 0
DW Shear (Min) = -1.6585 (kip)

DW-HS Shear (Max) = 0.0000 (kip) e e = e Sdllle e 10ad
DW-HS Shear (Min) = 0.0000 (kip)

Secondary PT Shear (Max) = 7.8909 (kip)

Secondary PT Shear (Min) = 7.8909 (kip)

_-I,-v-*__,,__r—--, Y e S SNSRI ST S “k_, _peten. ,"“" bbb b g it PR - P Y VW S W - 4

d Factors —— Override --
Load Limit Governing Zdj.
Load Combo State Action LL LL Dc oW DH-WS BT LL BPhi Vn hi Vn RF Capacity
(kip) (kip) (kip) {(kip) (Ton)
PermitSpec STR-1II Max M -58.50 1.48 J-25 1.50 1.50 1.00 0.50 -363.43 = 2.958 357.87
PermitSpec 1 STR-II Min M -10.11 -25.54 1.25 1.50 1.50 1.00 1.20 0.90 -362.42 — —-— 15.48 873.94
PermitSpec 1 STR-II e = e 1.25 1.50 1.50 1.00 1.20 0.90 506.35 == = 99,000 11979.00
PermitSpec 1 STR-II Min V -97.80 -25.54 1.25 1.50 1.50 1.00 1.20 0.9%0 -363.42 - - 1.608 194.59
PermitSpec 2 STR-II Max M -58.50 1.48 1.25 1.50 1.50 1.00 1.20 0.90 -363.43 —_— -— 2.958 437.73
PermitSpec 2 STR-II Min M -10.68 -25.54 1.25 1.50 1.50 1.00 1.20 0.90 -650.66 — — 34.897 5164.71
PermitSpec 2 STR-II Max V 3.33 1.48 1.25 1.50 1.50 1.00 1.20 0.980 506.35 — —-— 99.000 14652.00
PermitSpec 2 STR-II Min V -100.99 -25.54 1.25 1.50 1.50 1.00 1.20 0.90 —650.66 == === 3.691 546.21
Load Combination Legend:
Code Vehicle
1 P 9 Split (LRFR -54kips) - Permit Truck + Lane
2 P11 Splic (LRFR -54kips) - Permit Truck + Lane
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MCFT Issues in BrDR

e BSSD-5167 (continued)

BSSD-5167 SHEAR ITERATION WHEN SIGN OF TOTAL MOMENT REVERSES
LL SCALE FACTOR VS. FACTORED SHEAR RESISTANCE

650 650
600 600
550 550
500 500
450 450

400 400

350

300

TOTAL FACTORED SHEAR FORCE (kips)

250 &7 250

FACTORED SHEAR RESISTANCE, Vr (kips)

200 200
1.0 11 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0

SCALE FACTOR

—e—Vr- P9 Split —e—Vr-P 11 Split —a=\U - P9 Split — & -Vu- P11 Split
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MCFT Issues in BrDR

« BSSD-5725 Effect of strand development on
A,s When computing longitudinal
strain, gq

5.7.3.4.2—General Procedure

(M+0.5Nza+‘KI_V”_AL\ ')OJ
d -
) :I (5.7.3.4.2-4)

* Article 5.7.3.4.2 states in calculating A ,the area of = EA+EM,
tendons terminated less than their development length
: : H Within the transfer length, f,, shall be increased
from the section under consideration should be reduced e e o o e S
in proportion to lack of full development' between the strands and concrete commences to its full

— value at the end of the transfer length.
* Various reference publications take different
approaches — full strand development length vs transfer

length (PCI Bridge Design Manual; MnDOT & IDOT Design
Manuals; FHWA Concrete Bridge Shear Load Rating Guide &

Exa mpl es ) e In calculating 4, and A, the area of bars or tendons
terminated less than their development length from
the section under consideration should be reduced
in proportion to their lack of full development.
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MCFT Issues in BrDR

e BSSD-5725 (continued)
* Bridge submitted by Indiana DOT -- Single-span (35’-3”) P/S spread box beams debonded strands

» Significant reduction in shear-controlled load ratings between BrRv7.2 & v7.7

466"

/ Deck Thickness 8"

Travelway 1

“Haunch Th. 1/4" “Haunch Th. 1/4"

GA-DET G5 DET :
CB-17 (3-0") CB-17 (3-0")
17" deep P/S box beams
26"

6@6-11" = 41'-6"
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™ Strand Layout - Span 1

Description type % ke B~ % |v

MCFT Issues in BrDR

* BSSD-5725 (continued) S

@ Straight/Debonded ° ° [ ] o L]

Harped
Harped and straight debonded

35-3"

A
h 4

Mid span

® o (o o0 o0 o o o

Number of strands = 18

v
4 G1-DET DO NOT RATF Il 2 STRANDS DEBONDED FOR 3'-4 Number of debonded skancs (TotalHere/Othar) = 828
i_ 1-1 '11 -2 i_ 1-3 CG of sirands (measured from bottom of section) = 1.75 in
— H —
o) I <! | Legend:
© H © .
v H Debonding No strand at this position at the current section location
— * Mo strand at this position at the current location but a strand is harped to this pesition
® Left
G2-DET DO NOT RATF ‘ Secion ocaton ) | Measursd and debonded from | 4 can cooupies s postin at e curentsectn location
2-1 2-2 : 2-3 | 4 40 End of Beam @ The sirand is debonded from the end of the beam to the current section lacation
: - 72  End of Beam @ The strand is debonded from the mid-span to the current section location
| E&' ) The strand is debonded at other section location. Hover over the strand for more information
4 ! 4 a_ . . . .
- AN Adana i 900 de:
A 3.9 G3-DET DO NOT Rl\-rr?',:2 3.3 ’ B g- & Strand Layout - Span 1
N _ \ 3 : -
. h — - B Qe B wx v
‘T : 17 Description type : d fad
©w \ | o \ P and CGS only (@) Strands in rows
H
A 4 A 4 A4
r Y G4-DET Strand configuration type Symmetry
. 4-1 :4"2 . 4-3 ®) Straight/Debonded ° e ° ° ] °
- H -
«(-") ! &; Harped
v ! Harped and straight debonded
L3 G5-DET
- Mid span
. 5-1 52 . 5-3
) - v
- 1 ! 2
® | © ®ccscsees coscscne
b4
GS_DET DO NOT RATF 1 Number of strands = 16
s 6,1 :6,2 - 6,3 6 STRANDS DEBONDED FOR 6 Number of debonded strands (Total/Here/Other) = 8/8/10
- H - CG of strands (measured from bottom of section) = 1.75 in
= 1 -!
[i=] ! o Legend:
1
v ! Debonding No strand at this pesition at the current section location
G7-DET DO NOT RATE ® Left Section location (in) | Measared and debonded from | ‘ ‘ No strand at this position at the current location but a strand is harped to this position
A strand occupies this position at the current section location.
40 | End of Beam @ The sirand is dabonded from the and of the besm to the currant section lacation
» 72 ‘ Endof Beom 9 The stand is debonded from e mid-span fo the cusrent seolion loostion

_) The strand is debonded at other section location. Hover over the strand for more information
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MCFT Issues in BrDR

e BSSD-5725 (continued)

ﬂ Spec Check Detail for 5.9.4.3.2 Bonded Strand Spec Check Detail for 5.9.4.3.2 Bonded Strand
5 Concrete Structures
V7 2 5.9 Prestressing
[ 5.9.4 Details for Pretensioning v7 7 1
— 5.9.4.3 Development of Prestressing Strand
5.9.4.3.2 Bonded Strand
(AASHTO LRFD Bridge Design Specifications, Tenth Edition)
d - At = 1.9502 (ft) - Right Stage 3 PS Box Rect Void - At Location = 1.9491 (ft) - Right Stage 3
4.3.2-1 1d >= k[fps - (2/3)fpeldb (5.9.4.3.2-1)
Input
stress in a strands at midspan fps = 253.15 {ksi) (Ave. stress in all strands at midspan)
TUUTTT T T mmemmmm mm e fpe = 147.18 (ksi)
db = 0.50 (in)
Transfer Length = 30.00 (in)
T B Pt T Row 4: 1.071in*2 x 144.2 ksi / 253.1 ksi = 0.610 in*2
Fully Bonded Strands Row 5: 0.153 in*2 x 144.2 ksi / 253.1 ksi = 0.087 in"*2
Y= 1.00 :
d = 77.52 (in) Total Eff Aps = 0.610 + 0.087 = 0.697 in*2
Partially Debonded Strands
X = Z.00
1d = 155.03 (in)
Jacking Stress - 189.00 (ksi)
1 224 inA2 ES losses = 8.50 (ksi)
- Long term losses (£pLT) = 33.31 (kai)
Total losses = 41.82 (ke=i)
Num PS(Initial Loss) PS(Final Loss) PS At Strength
Group Strand Group Strands Aps Lpx Streas Force Stress Force Stress Force
(in (in) (ka1) {Xxip) (kai) (ksi) (xip)
1 Debonded @ 3.33 LT 1 0.15 = a.00 0.00 0.00 0.00 0.00 0.00
2 Debonded @ 6.00 LT 3 0.92 = 0.00 0.00 0.00 0.00 0.00 0.00
3 Debonded @ 3.33 LT 0.15 = a.00 Q.00 0.00 0.00 0.00 0.00
4 Straight 7 1.07 29.39 176.82 189.38 144.19 154.43 144.19 154.43
g )
5 Debonded @ 0.00 LT 1 0.15 29.39 176.82 27.05 144.19 22.06 144.19 22.06
16 2.45 216.43 176.49 176.49

Prestressed Effectiv ection Properties

Eff Aps = 0.6972 ﬁn"Z}
Eff CGS = 1.7500 (in)
Eff epg 6.1296 (in)
Eff epc = 13.8936 (in)
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MCFT Issues in BrDR

e BSSD-5725 (continued)

|4 Superstructure Component Specification reference ﬂ Spec Check Detail for 5.7.3.4 Procedures for Determining Shear Resistance
» | ) Prestress Calculations B 54.25 Poisson's Ratio
» (L Stage 1 B 54.2.6 Modulus of Rupture V7 2
» () Stage 2 B 5.4.2.8 Concrete Density Modification Factor e it
4 |ZJStage 3 B 5.5.4.2 PS Strength Limit State - Resistance Factors
4 |4 Beam No. 4 shored B 5.6.2.2 Rectangular Stress Distribution
PRl D eesi i A e e
QSpan1-195ft v/ 5.7.2.5 Minimum Transverse Reinforcement s 00316 X 481 3 X 5 05 A 1 0 X 2292
S S 0 v/ 5.7.2.6 Maximum Spacing of Transverse Reinforcemer D 0 - 779 klpS
8 Span 1 =283 & v/ 5.7.3.3 Nominal Shear Resistance e ; gy - Effective Aps used
::: ::: : . :;j : B 5.7.34 Procedures for Determining Shear Resistance | | 239 d: . =1 0 : to compute Epsilon Vs = AV X fy x dv x COt(Theta) /s
s t-sson ||| 7 27 congludinal Reinforcement p——20600+00 £ =0.40 in"2 x 40 ksi x 22.92" / [ tan(28.987) x 11.5"]
i Span 1 - 7.05 & X 5.7.4 Interface Shear Transfer =576 kIpS
v/ 5.7.4.2 Minimum Area of Interface Shear Reinforceme

|=4 Span 1 - 8.00 ft.
(id Span 1 - 1058 ft. B 59.43.2 Bonded Strand

[ Span 1- 1410 ft X 6A.4.2.1 General Load Rating Equation - Concrete Sh¢
|f Span 1-17.63 ft. B Computation of Vp

Vr=0.9 x (77.9 + 57.6) = 122.0 kips

m

(& Span 1-21.15 ft. B PS_Basic_Properties Calculation : =;.:; = sx * (1.38 g + 0.63) ) RF - 0.984
|& Span 1 - 24.68 ft. B PS_Gross_Composite_Section_Properties PS Gross Co|
(= Span 1 - 28.20 ft.
(= Span 1 - 29.50 ft.
(=4 Span 1-31.12 ft.
=4 Span 1-31.73 ft.
(= Span 1 - 32.00 ft.
(=4 Span 1 - 33.00 ft.
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MCFT Issues in BrDR

e BSSD-5725 (continued)

Superstructure Component | Specification reference Spec Check Detail for 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance
> Prestress Calculations 54.2.5 Poisson’s Ratio
6A.4.2.1 Shear - 5 Concrete Structures
L Stage 1 54.2.6 Modulus of Rupture 6A.4.2.1 Shear - 5.7 Shear and Torsion
» Stage 2 54.2.8 Concrete Density Modification Factor TGl aulihs = Belioh! SaEAEat e fm LEein V7 n 7 n 1

6A.4.2.1 Shear - 5.7.3.4 Procedures for Determining Shear Resistance

4 Stage 3 5.5.4.2 PS Strength Limit State - Resistance Factors (RASHTO Manual for Bridge Ewaluation, Third Edition with 2024 Interims)
a Beam No. 4 shored 5.6.2.2 Rectangular Stress Distribution PS Box Rect Void - At Location = 1.9491 (ftr) - Right Stage 3
Span 1-0.00 ft.
5 1 1as s 5.6.3.2 PS Flexural Resistance (Prestressed Concrete) Calculeff??_?f_??z?i?_’ff?
pan 1-1.18 ft.
p . — A
Span 1- 195 5.63.3 Minimum Reinforcement 3 O FOEEELI (e aee Ve =0.0316 x Beta x f'¢"0.5 x bv x dv
phi = 0.800 - A " n
Span1-200f € 574 Interface Shear Transfer Fic = $.000 DelgwtintZ) _ 0.0316 x1.05x5"0.5x 10" x 22.92
Span 1-2.83 ft. 5.7.4.2 Minimum Arez of Interface Shear Reinforcement 2B 2 Loy (PR AR Effective ApS used = 1 70 k|pS
BT = COlD (P to compute Epsilon
Span 1- 352 ft 59.43.2 Bonded Strand Rag ‘“3’; s E;’i‘l’m
Span 1-533 ft. €) 5A4.2.1 General Load Rating Equation - Concrete Shear Ep = 22500'990“ (kipa/in~ - VS = AV X fy X dV X COt(Theta) / S
S 1550t As(pos) = 0.000 (in~2) _{ue®d for Positive Mu) _ 0 40 = l\2 40 k - 22 92"/ t 45 68 12"
pan 1-3.50ft. 6A2.2.1 Shear-5.63.3 Minimum Reinforcement sr=sr(S(used for Negative Mu) =0.40In"2 x Six 22. [ tan(45.68) x ]
Span 1 - 7.05 ft. {in~2) | (used for Positive Mu) =29 83 kips
6A.4.2.1 Shear-5.7.2.5 Minimum Transverse Reinforcement e 00 no2) ] (used for Negative Mu) - p
Span 1-8.00 ft. fpo = 129.0{12 :klpsflnﬂf)
Soan 1 - 1057 f 6A.4.2.1 Shear-5.7.2.6 Maximum Spacing of Transverse Reinforcemen L9 = CERIOTE (LR i
pan 1-10. ! = =
6A4.2.1 Shear-3.7.3.3 Nominal Shear Resistance S (EVE (SR A Ee ] EA G Vr=09x (1 70+ 298) 42.1 k|p3
Span1-1410 {1) - Beta = 4.8 / (1 + 750 EpsilonS)
Span 1-17.62 ft 6A4.2.1 Shear-5.7.34 Procedures for Determining Shear Resistance (2) - Beta = ‘h:'i / (1 + 750 EpsilonS) ) = (51 / (38 + s=xe) ) RF 0.155
{ g where: H

Span 1- 2115 f, Computation of Vp axe = sx * (1.38 / (ag + 0.63) )
Span 1 - 24.68 ft. PS_Basic_Properties Calculation Mu_calc = Max(Mu, [Vu - Vpl| * dv)
Span 1-2820 ft PS_Gross_Composite_Section_Properties PS Gross Composite Sectior Modify MCFT Theta: No
Span 1 - 29.50 ft. Modify MCFT Size Effect: No
Span 1-31.12ft fpc / £'c = 0.04
Span 1-31.72 f T T T T T T T T T T T T T T e T e e

Limit Load Epsilon Theta Beta Governing Mu Mu Calc Vu Nu bv dv
Span 1-32.00 ft. State Comb Action
s 1-13008 (kip=-in) (kip=-in) (kips) (kipa) {in) {in)
pan 1 - 33.00 ft.
5 1-3350f STR-I 1, LegalRo~ 0.004645 45.26 1.07 Max M 2635.31 2635.31 109.0%8 0.00 10.00 22.92
pan | - 33 ' STIR-I 1, LegalRo~ -0.000066 8.77 5.05 Min M 603.03 603.03 24.41 0.00 10.00 22.92
Span 1- 34,58 ft. SIR-I 1, LegalRo~ 0.004765 45.68 1.05 Max V 2635.31 2635.31 111.47 0.00 10.00 22.92

SIR-I 1, LegalRo~ -0.000035 28.88 4,93 Min V 1521.99 1521.99 22.11 0.00 10.00 22.92
Span 1- 3525 ft. SER-III 1, LegalRo~ -0.000019 28.93 4.87 Max M 2045.71 2045.71 19.53 0.00 10.00 22.92
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MCFT Issues in BrDR

* BSSD-5758 Assuming longitudinal strain =0 when M, <M., --
differences between Art. 5.7.3.4.2 & Appendix B5.2

e 2022 AASHTO Agenda Item 50 Sub-item #2 2022 AASHTO BRIDGE COMMITTEE AGENDA ITEM: 50

e Allows LRFD Article 5.7.3.4.2 to be SUBJECT: The Manual for Bridge Evaluation: Section 6, Articles C6A.4.2.1 and 6A5.8 (T18-01)
mo dlfle d for the purp ose Of lO ad ratin g TECHNICAL COMMITTEE: T-18 Bridge Management, Evaluation and Rehabilitation

* |f section remains uncracked at strength BREVISION _p o cn BLADDITION s princion S NEWPOCUMENT. e
limit state (M, <M,_ ), the longitudinal RS-
strain, g, can be assumed to be zero. Item 12

In Article 6A.5.8, revise the 2™ paragraph and add the following after the 2" paragraph:

 Passed agendaitem did not reference | | - | _
. . When using the Modified Compression Field Theory (MCFT) for the evaluation of concrete shear resistance, the
Appendix B5.2, therefore not implemented qugitudinal remforgemant shoald b, checkad fonthe jamransesstansion.causpd. by, sheajimaccpsdanse il RED |
in BrDR for that shear method option ' a SR
. L. For the purposes of load rating and application of MCFT it is permissible to modify the LRFD Article 5.7.3.4.2
* Not applying same provision when as follows:
Ap pe n d |X B5 . 2 S h e a r m et h 0 d C a n reS u lt | n 1. In areas of low strain where the section remains uncracked, that is M,, < M, . the strain g; may be assumed to

. . ) . . be zero regardless of values of M, and V,;; therefore, 8 can be taken as 29 degrees.
significant shear load rating discrepancies.

2. Forreinforced concrete members with web reinforcement 4y < 4y, . the beta should be adjusted by applying

ize effect. Eoppre ed concrete N Speieferic/ gﬁwwww
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MCFT Issues in BrDR

DR ROBBY’S FAVORITE MBE PROVISION & BrDR CONTROL OPTION

LRFR

. B Points of interest
6A.5.8—Evaluation for Shear oy ot of steses
S Generate at tenth points except supports
The shear capacity of existing reinforced and j Generate at support points
prestressed concrete bridge members should be evaluated Generate at support face & critical shear points

2 i 5 A P o A .
for permit loads. In-service concrete bridges that show no s sssmt #5 ™

visible signs of shear distress need not be checked for shear
when rating for the design load or legal loads.

When using the Modified Compression Field Theory
(MCEFT) for the evaluation of concrete shear resistance, the
longitudinal reinforcement should be checked for the
increased tension caused by shear, in accordance with T —————
LRFD Design Article 5.7.3.6.3. Consider splitting resistance article

DR ROBBY TENNANT
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THANK YOU!

QUESTIONS?
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   ∑  M c = 0 = M u + N u   d v 2 +  ( V u − V p )   cot ⁡ ( 𝜃 )    d v 2 − T    d v

