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APPENDIX Al: ) BARRIER - PHOTOS TAKEN FROM THE SITE VISIT AND DETAILS RECEIVED
FROM MNDOT

Bridge No. 27169

Figure A1-1 Bridge No. 27169 Photos.
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Figure A1-2 Bridge No. 27169 Details.
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Bridge No. 19056

Figure A1-3 Bridge No. 19056 Photos.
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Figure A1-4 Bridge No. 19056 Details.



Bridge No. 82502

Figure A1-5 Bridge No. 82502 Photos.
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Figure A1-6 Bridge No. 82502 Details.
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Bridge No. 19042

Figure A1-7 Bridge No. 19042 Photos.



_ 5EE DEFLECTION JOINT

[—
|
A3y _reo 2-R409E TO R4IIE
....{;.._.._.. 9: o usr. | NAME PLATE BARS (TYP.
| f so . | Riw OF PLATE TO BE FLUSH WITH A i}
\ewsie | g | CONCRETE, SEE SHEET NO.1FOR LOCATION "l DETAIL BELOW
i\
'F' ;-‘ v * - _! | 1! i1 11
.I._B —— i I T T ! 1
H & .z & . 1 |
b RNsE — | [——— : : : b
¥ 1 + T
N OROISE —fmt S (I i : |
- ‘ ! | 5
: i —_——— e —— N — —
) : T ’,; il ! ; ‘: g ‘P_ i [ § ]L >
{ ' } ! 7 [E——— — -
A |

i i
LONGITUDINAL BARS
THRU DEFLECTION JOINT

DEFLECTION JOINT
1-0* MAX. SPACING

i
N !/ 2-RA0TE T0 2-RA0BE
" LONG. BARS THRU

! \,
RSDIE & RSQZE — TOP OF ROADWAY SLAB A

7 L)
] I u
g [
L %%, |
B ) -
= g =
g ) AN 25
& {__ o
é W L) _\. -.--l=-=l|.‘—|.-‘—'-
N
. ing .
Lﬁ_@
COMCRETE ! . Z
OVERLAY — -8 ﬁ
RSO2E —1 +

|

' _CONSTRUCTION JOINT
BOUGH FiNISy

Figure A1-8 Bridge No. 19042 Details.
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Bridge No. 62828

Figure A1-9 Bridge No. 62828 Photos.

A-9



. TYP. SECTION ON ToP oF , TYR SECTI
1/4% x 3/% stretcher bar. Spec, 5506 (Tension bands = T ON_ O

81 0° centers with 3/8° dis. carelsoe bolts) poatm m’m:.rm il w'":"::"" | BRIOGE DECK
i Do post. (Tes@1' 6" ) At ipockg (.}
nos, dia. - Intermediate &5 (TvD.) L spacing
/m. ploe brace Past ] See Pioe Sleeve Petail

= i .
] I e
- ‘% MRCH0; [ o :[) See Deflection Joint 1-114" nom, gia. standard pipe - 33f 224
L sef pETAIL "D’

JNEHEE Details below 4 || ot expansion joint only.
i JTO3E ; Ay Junction "Z" at each end.
B P } 4 P ey E 2 I S T
R ; ¥
LS am Fa‘q—‘ —* Ft‘ ,.’.’ —72 A‘L-'_——_ ‘ 1 -
Nl 3| B el Bl - -
< ﬁ':F AN 1 LN K
- 1 | N\ | 1 ] T | — s " MIN. LAP
L) y . 31 B i !_.J 1l | I g_-.:'%ggc oR | unction *x*
250ue. ¢ i Some g \ Ton ot WINGWALL 3.1 1 ;. rai s (.1 | 515 | A S ot
BUT. DwL. 3 ~T . e ' thru deflection joint i expansion |t.
\—N-enm 2-J410E OR e . |-_°~ il s.;::i:g:a;‘u
ABUT. OwWL. | See sheet 1 for location. I a e - Max. Spacing IJ 2 Love. BARS
40" . ' Jint 2" @ +5°F I-.—-i Juint
= ] " -
-5
Cir.
—2"Clr. Light Standard
.I' [ . ﬁlﬂmm | '-hm 5
£ An

i JSZIE."'\

2-14" Clr.

~i o

Figure A1-10 Bridge No. 62828 Details.
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APPENDIX A2: ONE LINE BRIDGE RAIL - PHOTOS TAKEN FROM THE FIELD SITE VISIT AND
DETAILS RECEIVED FROM MNDOT
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Bridge No. 27944

Figure A2-1 Bridge No. 27944 Photos.
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Figure A2-2 Bridge No. 27944 Details.
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Bridge No. 30505

Figure A2-3 Bridge No. 30505 Photos.
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Figure A2-4 Bridge No. 30505 Details.
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Bridge No. 69834

Figure A2-5 Bridge No. 69834 Photo.
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Bridge No. 70802

Figure A2-7 Bridge No. 70802 Photos.
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Bridge No. 25505

Figure A2-9 Bridge No. 25505 Photos.
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Figure A2-10 Bridge No. 25505 Details.
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Bridge No. 82804

Figure A2-11 Bridge No. 82804 Photo.
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Bridge No. 9805

OBl FOE 4"
oD STEEL PPE

)

°
1"_
C‘LTH:*WH
RETr
! g =™
- L
BRI 3
i;"
iﬁ
pr T ANCHDE B0, ASSEWELY
§ 29 l WAL W B
- O GRADE
i -3 't'.: | i Iﬁ#_& AT GoT STARDAN
AL B A" el T A i
| = g[ 1, ST W w001
£ n g T T
e
1 L o = . .
[ ™) - (1]
- _:I o ol =
I < s e———
- - : w06 BAE . w BG02
0 B N R S
- -
-
i .
‘1' n - Py
= =3 ‘
! N,
| % -

Figure A2-13 Bridge No. 9805 Details.
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Bridge No. 62069

Figure A2-14 Bridge No. 62069 Photo.
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Bridge No. 27042

Figure A2-16 Bridge No. 27042 Photo.
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Bridge No. 62040
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APPENDIX A3: G BARRIER - PHOTOS TAKEN FROM THE FIELD SITE VISIT AND DETAILS
RECEIVED FROM MNDOT
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Bridge No. 09830

Figure A3-1 Bridge No. 09830 Photos.
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Bridge No. 19021

Figure A3-3 Bridge No. 19021 Photos.
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Bridge No. 86812

Figure A3-5 Bridge No. 86812 Photos.
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APPENDIX B: J AND F BARRIER ANALYSES



APPENDIX B1: J BARRIER ON FIGURE 5-397.112
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= Texas A&M SUBJECT MnDOT J-Barrier
< Transportation Figure 5397112
‘ Institute MASH TL-3 Complismce Assessment

(1) General Information and Inputs:

1) Eeference: A 4 SHTO MASH Conditions.
2) A ssessthe adequacy of the bamer based on A 4 SHT O LEFD Section 13 cnteria.

(1a) General Inputs:

£, = 4000-psi Cormpressive Strength of Concrete (pst)

fy = 60ksi Yield Strength of Concrete Reinfordng Sted, (ksi)

H, = 42.625in Total hetght of bndgeral system measured from the top of the roadway
surfacefoverlay to the top of highest rail (in)

Hp = 40.375in Height of the bndge ral system measured from the top of the roadweay
surface/overlay to the centroid of the steel tube ral (in)

t = 2in Thickness of overlay (inches)

(1}

Overlay —/

Frgere 1 Skeich Showing Critical Iput Tariables
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= Texas A&M SUBJECT MnDOT JBarier

ra - Fignre 5-397.112
‘ Tra n_spa riation MASH TL-3 Compliance Assessment
Institute
{1b-conti.) Concrete Parapet Inputs:
H,, = 28in Height of the conarete parapetforall measured from the top of the roadway
surfacefoverlay (in)
hy = Hg + t, h, = 30in Total height of the concrete parapetfwall (n)

Parapet Vertical Reinforcement Thputs:

Avp 1mid = III.Splin2 Areaof one parapet vertical reinforcement leg in the tension zone at ridspan (i)
Syp anid = 12in Ayrerage Sparing of parapet verticd reinforcement at midspan (in)

dl:p.l’l'l.iﬂ .= 11.18in Extreme distance of parapet vertical reinforcement in tension at mudspan (in)

Avpl diid I]31i112 Areaof one parapet vertical reinforcement leg in the tension zone at jointsfends (in2)
Syp.end = din Asrerage Spacing of parapet verticd remforcement at jointsfends {in.)

dl:]J.B’lﬂ = 11.18in Extreme distance of tension parapet vertical reinforcerent at joints/ends (n.)

Longitudinal Reinfor cem ent nputs:

A= I:I_Sin2 Area of longitudingd reinforcement bars in tension (in2)

d,, = 1053in Extreme distance of tension longituding reinforcement of wall (in.)

B-4
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| i
‘ TFH H_Sp ortation VASH TL- 3 Complisnce Assessment
Institute

(1b-conti.) Concrete Parapet Inputs:

Deck Anchorage Vertical Reinforcement Inputs:

Lproj RsmE:= 10in Projected length of RS0ZE reinforcement over the slah (in)

Outer width of RS0ZE reinforcement (in.)

Lywia_rsozg = 10

Cover ;= 2in Cover clear distance (in.)

Ratiopsaf = % Inclined angle of RS0ZE reinforcement

db_RSUZE = D625in Nominal diameter of R502E ranforcement 35 bar)

. 1 =
92 = Lwid RSm2E * Lproj_Rsoz Ratiopsmp + Cover - 2dy psppp = 15:854-In

Extrerme distance of tension deck anchorage vericd reinforcement (in,)

Aval.mil:l s I].31i112 Areaof one deds anchorage vertical reinforcement leg in the tension zone at midspan (in2)
Syamid = 12in Ayrerage Bparing of dede anchorage vertical reinforcement at o dspan (n)
Qeq mid= 9ea= 15854.in Extreme distance of tension deck anchorage verticd reinforcement of the wall &
’ midspan(in)
T I]31i112 Areaof one deds anchorage vertical reinforcement leg in the tension zone at

jnints/ends (in2)

Syaend = 4in Arrerage Bpacing of deck anchorage vertical remforcement a joints/ends (in)

dey end = Qg = 15.854-in Estreme distance of tension deck anchorage vericd remforcement at jointefends (in.)
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Institute
(1b) Steel Rail, Post, ad Anchor Rod Inpants:

Steel Rail Inputs:
a) Steel Tube Rail is ML HD. 3362 material, Fy=35ksi
by Steel Tube Railis a 4" extra strong pipe

FyR = 35ksi Yield Strength of Steel Tube Rail (ki)
d,p = 4.5in Chtside diameter of Steel Tube Ral (in)
dip = 3.83in Inside diameter of Sted Tabe Ral (in)

SUBJECT: MmDOT .J Barier
Fignre 5-397.112
MASH TL-3 Compliance Assessment

4" extra strang
pipe 14,98 Ib. AL

DETAIL
Steel PostTnputs: ks
a) Steel Postis WLH D). 3306 matenal, Fy=36kst
b Steel Postis a 8"28"21"210" Angle Member
F.__ = 36ksi Yield Strength of Steel Post (ki) M
yp ¢ 1-5/16" 1 2" slotied holes
W= 10in Width of Sted Post about the bending ads (in.) ] 3 “'
A-— :
tp = lin Thidemess of Sted Post {in) 3’?' . \ f F= i
4 3 - |
h]J = 0.25in Heght from the botiom of the post to the j rl ~
centroid of the steel tube rail (n) ; g = i
- f My
L= S5t Steel Post Spacing () Bl
SECTION H-H
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Anchor Rod Inputs:
ayhnchor Bods are Gr 36 matenal, Fu=38 ks

byAnchorRods are 1"¢ =z 15" T Bolt

Fy roq = S8ksi Tenale Strength of Anchor Rods dest)
Niod.shear = 2 Nutnber of &nchor Rod cross-sections acing in
: Shear
N od.tension = 2 Mumber of Anchor Rod cross-sections acing in
: Tension
d.og = 4.75in Distarice from the anchor rods acing in
tension to the back of the steel plate (in)
Ppoq = lin Diameter of Anchor Rods () RAILPOST ANCHORAGE (U
] SUBJECT. MnDOT .JBarier
 Texas A&M i Il
‘ Tra n_SpO riation MASH TL-3 Compliance Assessment
Institute

(1c) Desion Force Inputs:

Design Forces for Traffic Ralings
Test Lewel | Rail Height {in) | F (kip) Fo (dip) | K kip) | L+/Lo (f0) Ly ift) He (in) | Hain {in)
TL-1 13 or ahove 13.5 4.5 45 4.0 18.0 18.0 18.0
TL-2 13 or above 270 5.0 45 40 15.0 20.0 18.0
TL-3 20 orabove 710 15.0 45 40 15.0 19.0 29.0
TL4 (@) 6 65.0 22.0 3.0 40 15.0 250 6.0
TL4 () [between 36 and 42 a0.0 270 220 50 15.0 300 36.0
TL-S (&) 42 160.0 41.0 g0.0 10.a 40.0 350 42.0
TL-S greater than 42 262.0 = 160.0 10.a 40.0 43.0 42.0
TL & 175.0 58.0 g0.0 8.0 40.0 56.0 90.0
BEeferences:

® TL-1and TL-2 Design Forces are from AASHTO LEFD Section 13 Table A13.2-1

o TL-3Desgn Forces are from research condu cted under CHEP Project 2007 Task 395

&  TL-4{a), TL<4 (b3, TL-S5 (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHEP Project 22-20(2)

TL =3 Test Level
F:= 7lkip Transverse Impact Force
L, := 4ft Longitudinal Length of Dustnibution of Impact Force

B-7




He = 1%in

Hmin = 29in

he = He +1,= 21-in

H,, = 42.625-in

Height of Equivalent Transverse Load from top of overlay

Minimum height of a MASH TL-3 barrier (in.)

Total Equivalent Trans. Impact Height

Total height of bridge rail systermn measured from the top of the roadway surface/overlay
to the top of highest rail (in.)
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SUBJECT MnDOT J Barrier

= Jexas A&M Figire 5-397.112

| i
‘ gg{}?[ﬁ)[% riation MASH TL-3 Compliance Assessment
(2) Stability Criteria:
H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
Hr — 42625 in Totd height of bridge rail system measured from the top of the roadway surfae/overlay o

the top of highest ral {in)

Minimum_Height_of Barrier Check := |"OK" if H. = H_ ..
"NOT OK"  otherwise

Minimum_Height of Barrier Check = "OK"




/‘-‘ _,1_'exas A&M
ransportation
Al |nstitute

(4) Geometric Criteria:

SUBJECT: MnDOT JBarrier

8 ost = 1-73in Post Setback {in.)
P Note: Denoted as "S" in figure below.
C}, := 10375in Vertical Clear Opening (in.)
4R
TA = Hy + — = 3025-in Total Rail Contact Width (in.)
2

H, = 42.625-in

C = VERTICAL CLEAR OPENING (in)

o
|

—_
=
|

on
|

Figure 5-397.112
MASH TL-3 Compliance Assessment

H,, = 28-in

Total height of the bridge rail measured fromthe top of the roadway surface/overlay (in.)

Note: Denoted as "H" in fipure below.

HIGH POTENTIAL

B g Ny .
Bridge rails in this area
have met NCHRP 230 saofety

\\\ gveluation guidelines.\

PREFERRED
LOW POTENTIAL

s

RALS
A i
POSTS = RAL T
—l s c

0 2 4 6 8

T 1 I i 1 - 1 i I 110 T 1%
S = POST SETBACK DISTANCE (in)

Figure Al13.1.1-2—Potential for Wheel, Bumper, or Hood
Impact with Post

§ A2

e Sl"' C.

% H

o.

2 A1

a0
oo l

1

SL

CONCRETE AND
METAL RAIL
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(3-conti.) Geometric Criteria:

Spost = 175 :in

BA=3025in

Setluw_x:=(l] 1234546 789 10)

SUBJECT MnDOT JBarrier

Fignre 5-397.112
MASH TL-3 Compliznce Assessment

H, = 42.625-in

Setlow.y: {0.75 063 0.52 04 0315 028 027 026 025 0.245 0.245)

Setypx= (25 3 4 5 6 78 9 10)

Setl.lp.y =(08 0.725 0.6 05 046 044 043 D425 042)

s1J|Jst

Setsys.x: i =-1:75

Setsys_y i= ratiuzAH =0.71

Post Sethads rail genmetnic point

. ZA
ratiop g = — = 0.71

Hy

Lower Bounday for Post Sethack Critena
x ad v coordinates

Upper Boundary for Post Sethadk Criteria
% and ¥ coordinaes

Ratio of Contact Width to Totd Height rail geometric point

Post Setback Criteria
0.9
Lower Bound

0.8 Preferred |_ Upper Bound
:éb ®@® Rail Geometrics
2 0.7 *
o T
E Se“lmv.y
g — 04
£ Sty
k7] 0.5
= Set
§ oed’
= 0.4

0.3

Not Recommended
0.2
0 2 4 6 8 10
T T
Setlm'v.x ’SEtup.x ’SEtsys.x
Post Setback Distance (in.)
. Region Designaion
NotRecommended = 1 Marginal .= 2 Preferred = 3

Post_Setback_Criteria_Rail Geometric_Point .= Marginal

Mote Margnal region is between Lower and Upper Bounds




= Texas ASM
Transportation

A [nsiitute

(3-conti.) Geometric Criteria:
smag .= (0 3 13)

snagygy = (10 12 12)

snagyp x = (0 125 425 525 13)

snagy, .= (10 13 13 15 1s)

_ post |
snage o .= —

SMage.s = ; = 10375

SUBJECT: MmDOT .J Barier
Fignre 5-397.112
MASH TL-3 Compliance Assessment

Lower Boundary for Snag Potential Criteria
% and ¥ coordinates

Upper Boundary for Snag Potential Criteria
x and ¥ coordinates

Post Sethadk rail genmetric point

Vertical Clear Opening rail geometric point

Snag Potential
18
High Snag Potential
—_ 16
g
[=I}]
g T14
T Mony
Q' —
o
5 snagy, o 12
O snageg, ®
T eee 1
E Lower Bound
8 ) —— Upper Bound
Low Snag Potential ®® ¢ Rail Geometrics
"0 2 4 6 8 10 12 14
T T
My x - Myp x Mgy x
Post Setback Distance (in.)

HighSnagPotential .= 1 Marginal = 2 LowSna,

. Region Designation
gPotential = 3 Mote; Margmal regonis between Lower and Upper
Bounds

Snag Potential Criteria_Rail Geometric_Point .= LowSnagPotential

B-12




= Texas A&M SUBJECT MnDOT JBarier

- Fignre 5-397.112
‘ Egg‘?le!% riation MASH TL-3 Compliznce Assessment

(3) Geometric Criteria - Summary of Results:

Post_Sethack Criteria_Check = | "OK" if Post Sethack Criteria Rail Geometric_Point = Preferred

"NOT OK'" otherwise

Post Sethack Criteria Check = "NOT OK*

Snag Potential Criteria Check .= |"OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential
"NOT OK" otherwise

Snag Potential Criteria Check = "OK"

B-13




= Texas A&RM

Transportation

A [nstitute

SUBJECT. MnDOT .J Barier
Fignre 5-397.112
MASH TL-3 Complismce Assessment

(4) LRFD Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(4a) Bending Capacity of the Wall about the Longitudinal Axis af Midspan: L, . (K-TtTt)

2
Ayplmid - 031-in

Unit Wi dth of Wl (n)
Hote: by i takeen as 1 per AASHTO Section 13 procedure

Areaof one parapet vertical ranforcement leg in the tension zone (n?)

Syp.mid = 12.in Spacing of parapet verical remforcement at ridspan (i)
b 2
Avp mid = 'Avpl mid = 0-31-in Total Areaof parapet vertical reinforment per urit length of the weall
Sep.mid at idspan (nd)
dcp mid = 11-18-in Arrerage extreme distance of parapet vertical reinforcement in
tension (i)
e .
acn nid = m = 0.436 in Depth of Whitney Stress Blodk (in)
P- 0.85-f b,
d B Aep mid
S : AVP b fy cp mid Z VDR kip - ft Flessural Resistance of the Wdl shout the Longitudinal
cpanid = b = T H Az at Midspan when considering only the parapet

C

vertical reinforcment spedfied in Article 41331 (Je-firfl)

B-14




= Texas A&M SUBJECT MnDOT JBarier

= Fignre 5-397.112
‘ gg;}?[?[%ﬂanon MASH TL-3 Compliance Assessment

(4a-conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., k- ft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 15854 i
ca.mid = =924 11 ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 34221 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b i fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 16976 ft at Midspan when considering the critical reinforcment
(k- /81)
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= Texas A&M SUBJECT MnDOT JBarier

= Fignre 5-397.112
‘ gg;}?[?[%ﬂanon MASH TL-3 Compliance Assessment

(4b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 0-31- in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 4-in Spacing of parape vertical ranforcement atjomtsfends (in)
b 2
Avp ad = 'Avpl md = 093 in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)

g g~ Spendly 1368 in Depth of Whitney Stress Block (in.)

ok 085£ b,
dcp end = 11.18in Ayrerage extreme distance of tension parapet verticd reinforcement at

jointsends (in)
i la _ Aep.end

M ] AVP ey epend 2 48807 kip-ft Flezural Resistance of the Wall sbout the Longitudingd

cp.end b = TR Azis & Joints/Ends when considening only the parapet

2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.end = 0310 Srittends 40}
Syaend = 40 Sparing of deck anchorage wertical remforcement at jointsfends ()
¢ 2
AL end = A1 g = 0.93in Totd Areaof deck anchorage vertical reinforment per wat length of the
Sva.end will at jointsiends (in2)
L S Depth of Whitney Stress Block (in)
' 085, b,

B-16
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Tm" Spﬂﬂﬂtf on MASH TL-3 Compliznce Assessment

|
A nstitute

(4b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

Estreme distance of tension anchorage vericd remforcement at jointsfends (in)

ey g = 15:854-in
a5 2 a.end
) Ava.end Ty'| dea.end 2 kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes
Mgy end = h = 70342 ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)
kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at

Meend = mjn(Mcp.md > Mca.md) = 48.307 joinitsfends when considering the oritical reinforoment - £/

(4c) Bending Capacity of the Wall ahout the Vertical Axis: M,

Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)

dy, = 10,63 in

= |:|3.i_n2 Total Area of longituding reinforcementbars aching i tension (n:
Ay
hy, = 30-in Total heaght of the barmer (in)

h,, = 30-in
Aw'fy : 2 ;
a_=————=-0471-in Deepth of the Whitney Stress Block (in )
¥o08sr b,
Ay ; : : S
M, = A, [dw - _] = 41.579 kip-ft Flesural Resistance of the Wall ahout the Verticd Asas speafied in
¥ p Articde 13,31 (k-f)
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SUBJECT: MmDOT .J Barier
Fignre 5-397.112
MASH TL-3 Compliance Assessment

(4d) Determine the Ultimate Resistance of the Wall a Midspan: R,

Le {
—Lt—
i .4
[f—r e .:‘ :___._._—_- —
] ™ N TR
| o \ t %
. H | \.‘:ﬁ\. '.\" : Y i |
|‘ - ‘\Q’\ I )’//;-/ |

\\'\_.\ ; ~, b /
\\'\_ /
\ N /
\\\ \\\ * 1 y !
\_\'\ /!
N\ J LA
) “J/
r-l—' — -]
~ $ [N
|

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.

L {Lt]2+ [8hy (Mg + MyJ]

I | - 927 ft
cmid
3 2 M mid
2
Rmid = 18- Mg+ 8 M, +
2-Lemig ~ Ly

Monid' (Lcrrlid)2

Mg = Okip -ft

kip -ft
Mt = 16976 ——

M, = 41.579 kip ft

Ly=dft

h, =30in

- 126016 kip

Height of the bamier measured from the
top of the oveday or roadway surface

fin.)
Moter Hy,= Hin Figure 3d

Mo additonal beam strength

Flex. Resistance of the Wdl about
the Long, A at Midspan (-firff)

Flex. Reststance of the W4l
dhout the Vert. Aons )

Longitudinal length of distribution
of inpact force (ft)

Total Height of Barrier from Decle surface

(Equatton 413.3.1-2)

(Equation &13.3.1-1)
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SUBJECT: MnDOT JBarier
Fignre 5-397.112
MASH TL-3 Compliznce Assessment

(4¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, .4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

M, = 41.570 kip ft

Ly- 4-ft

Lip -ft

M_gnq = 48.807:

Hetght of the barner measured from the top of the overlay or roadway surface (in)
Note: H,, =H in Figure 3e

Mo additional beam strength

Flex Resistance of the Wall shout the Vert. Aoas (k-f)

Longiudinal length of distnbution of immpact foree (&)

Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
spedfied in Article 4134 2 (ki)

Ly Ly ]
L (= — —| + h._.
cend P P

Rivend = [

2 Leend ~ Lt]

Mg +
B_Mw] - 4475 ft (Equation 413.3.14)

cend

2
(Mcend' Leend j

Mg + M, + —————————= [ - 174.762 kip (Equation A13.5.1-3)

hy
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= Texas A&M SUBJECT MnDOT JBarier

ram - Fignre 5-397.112
‘ Tra n_SpO riation MASH TL-3 Complismce Assessment
Institute
(4f) Steel Rail & Post Str sis:

F}'R = 35 ksi Yield Strength of Sted Tube Fail (lksi)

dyp = 45in Outside diameter of Steel Tube Ral (n)

dip = 3.83.in Inside diamneter of Steel Tube Ral (in)

(2o~ )
Zp = 'JRﬁ—R = 5.824-in3 Flastic Sectional Modulus of the Steel Tube Ral (in®)
Mp = yR'ZR = 16.986 kip ft Plastic Moment Capacity of the Steel Tube Ral (Jap-ft)
Calculate the Plastic Strength of the Post Pp;
Wp = 10-in Width of Steel Post ahout the bending ss (n)
t]:l = 1in Thickness of Steel Post (in.)
2
“ ¥p 'p _ .3 Plastic Sectional Modulus of the Steel Post ahout the hending asis (in)
Zp = - 25.in
4

pr = 36-ksi Tield Strength of Steel Post (ksi)

M'post i pr'ZP = 7.5 Lip ft Flastic Motment Capacity of the Sted Post (Jap-f)

h]J - 025 .in Height from the bottom of the post to the centroid of the sted tuberal dn)
Ppp= M}I::St = 9.73 kip Post Strength based on the Flastic Falure of aStesl Post (lap)
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SUBJECT. MnDOT JBarier
Fignre 5-397.112
MASH TL-3 Compliance Assessment

Calculate the Post Strength hased on the Ultimate Swrength of the Anchor Ro ds: Fy,

Furod = 58 kst

g - 1'in

Arod = %'q’rudz - 0.785 in”

R = Fu.rod'(u"B'Arud) = 3.165 kip

By od tension = 2

dpod = 4.75 in

dy, = 1.5in

d,
Wrod = Qrod ~ ? = 4.25.in

M yod'= %rod Fnt Mrod.tension = 24-2-kip-ft
h]J =025.in

Mt rod

P rod = = 31305 kip

Ryy = Fyrod (045 Ap0q) = 20499 kip
Pyrod = Nrod.shear Fny = 40998 kip
Ppy = min(Py oq.P

d) = 31.305 kip

V.ro

Tensile Strength of the Anchor Rods (est)

Drameter of Anchor Rods (in)

Area of adnchor Rod (ind)

Mominal strength of one dnchor Eod in Tenston (kdp)

Number of Anchor Rods acting in tension

Distance from the anchor rods acting in tension to the back of the steel
plae {in

Length of the sted plate heanng pressure acting on the conorete parapet (i)

Drstance from anchor rods acting in tension to the centroid of the
beanng pressure achng on the conerete parapet (in.)

Woment strength of Post based on tensile capacity of Anchor Rods (k-

Haght from the botiom of the postto the centroid of the steel twbe ral (in)

Post Strength based on the tensile capacity of Anchor Rods (ap)

Morminal strength of one anchor rod in Shear wih threads in shear plane Qap)

Post Strength hased on the shear caparity of Anchor Rods Jap)

Post Strength based on the Ultimate Strength of the Anchor Rods (kip)
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‘ Tra n_spa riation MASH TL-3 Complismce Assessment
Institute
Calculate the Post Strength based on the Later al Punching Shear Resigtance of Concrete from Traffic Side Anchor
Rods: Ppy

Mote; This failure mechanism was modeledin SolidWorles.

Agdes = 4lin

Ak = 8'}'i.rl2 |
|
1

/
A ,1'
Anchor Rod
LPS ~ -
Failure Zone 1‘ 1 1
= 0.75 Shear Strength Reduction Factor

Apps = Agdes t Mack = 128-i112 Total &rea of Falure Flanes due to Lateral Punching Shear Falure (in?)

r =dks Conorete Compressive Strength (st
fe
Vilat = ¢v.2. — .psi= M487 pd Conerete Stress from Block Shear of Anchor Rods (pst)
psi -ACT318-14 Egn, 22551
] 1 Post Strength based on the Lateral Punching Shear Resistance of Concrete
Pps = Ve jarAppg = 12.143 kip from Traffic Side Anchor Rods (kip)
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‘ Institute MASH TL-3 Complismce Assessment

Determine the Limiting (""WWorst Case'") Post Strength (kips): PP

Ppy = 973 kip Post Strength hased on the Flastic Failure of a Stee Post (lap)
1:!1:'2 = 31.395 kip Post Strength based on the Ultmate Strength of the Anchor Rods Jap)
A Post Strength based on the Lateral Punching Shear Resistance of Concrete
Ppg = 12.143 kip frorn Traffi e Side Anchor Rods (kip)
Pp = min (PPI Ppa ’PPS) = 9.73 kip Post Strength found by using the Limiting (" Worst Case") Post Strength (kips)
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‘ gg;}?ﬁ’?e rtation MASH TL-3 Compliance Assessment

Determine Ultimate Capacity of Steel Rail for a Simgle and Double Span Failure Mode:

L= ft Length of the Distribution of the Transverse Impact Force (ft)
LlJ = 85.ft Steel Post Spacing ()
M, = 16.986 kip -ft Flexurd Capacity of the Steel Tube Rail (ap-ft)
Pp = 9.73 kip Post S trength found by using the Lirniting (" Worst Case") Post Strength (kips)
p-— | ——
) :uDC _‘)""DI
T < LT My
T < ol S o0 e S ¢
= | B = =
e
Single—Span Failure Mode
Np=1 Mumher of Spans
14 +([Ny-1)Ny+ 1] PpL
Rp = ( Mp) |VI: L )( L ) £ p—| = 20.906 kip Ultimate Cepacity of rail over one span (kap)
(2:My L) - L
2L '
B ]
Li
I “‘F'C _?’”p
| a3
My - E -H::_::: T -\MD_
:@k: I q: —
4_‘ Lt '—-—
Two=Span Failure Mode
Ny=2
Mutrber of Spans
2
- 16/ M, + (NZ .PP-Lp) - 20086 ki | | _ |
R (ZNZ 'Lp) - Lg ' Ultnate Capartty of rail over two spans (Jap)
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Institute

(42) Determine the Combined Resultzmt Str of the Bridge Rail (=11 H

Determine the Resultant Strength of the Bridge Rail System at Midspan: (R;)

Rall
R 1 R
b’ R
Post
o | &, ! I,L
3 E=TE====oO0” | SeGoo=
Nall 3 ...'. HR Ry
b E M It PLAN VIEW
L] A ————
i l :

Figure A13.3.3-1—Concrete Wall and Metal Rail
Evaluation—Impact at Midspan of Rail

Rp = 20.904 kip Ultimate Caparity of ral over one span (kdp)
. Heght of the bridge rail system measured from the top of the roadway
Hp = 40375 in surfarefover ay to the centroid of the steel tube rail (in.)
Ryymid = 126.016 kip Ultimate Resistance of the concrete parapet at nidspan (kip)
H, =28in Heght of the concrete parapet measured fom the top of the roadway
surfacefoverd ay (in.)
h,, = 30-in
Ryar1 = Rp + Rymid = 146.922 kip Resultant Strength of the Bridge Rail System Located at w09

AASHTO Egn. A13.3.3-1

Rp Hp + Rymig Hy

Yharl = = 20.761-in Effective Height of the Resultant Strength (n)
Rparl AASHTO Eqn. A13.3.3-2
H,= 19.in Heght of Equivalent Transverse Loal above
road sutface
¥
Rj = Rpar1 { l;{arlJ = 230.134 kip Resultant Strength of the Bridge Fal System at nudspan located at H, (Jap)
e
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SUBJECT MnDOT J Barrier
Figure 5.397.112

MASH TL-3 Compliance Assessment

Determine the Resultant Strength of the Bridge Rail System at a Post: (R,)

Raoil

2 —
Wall—f :
: \ {]

.
post—-—-..._[ R’ [
¥
|

Figure A13.3.

Rh% ‘PP

o —
- ——
P ——
- T -~
e ;f

"

PLAN VIEW

~

—a e

3-2—Concrete Wall and Metal Rail

Evaluation—Impact at Post

Ry = 20,086 kip
Hg = 40.375.in
Ryymiq = 126.016 kip

H,_ =28 in

Rymid Hy ~ Pp Hg

= 111986 kip
H

Ry

W

Rparg = Pp + Rpr + Ry = 141.802 kip

Hg:(Pp + Rp) + Ry Hy

Yhar? = = 30.602 in
Ryarz
H,=19in
Thar2 .
Ry = RharZ'[ - J = 128.392 kip
e

Ultimate Capacity of ral over two spans (ap)

Heght of the bridge rail systern measured from the top of the roadway
surfacefoverd ay to the centroid of the steel tube ral (in)

Ultimae Resistance of the concrete parap et at moidspan Jap)

Heght of the concree parapet measured fom the top of the roadway
surfacefoverday (in.)

Feduced Wall Strength (lap)
A ASHTO Egqn 413.3.3-5

Resultant Strength of the Bridge Raill Systern at a post located af vg0
AASHTO Egn. A13.3.3-3

Effective Height of the Resultant Strength (in)
A ASHTO Egn. A13.3.5-4

Haght of Equivalent Transverse Load (n)

Fesultant Strength of the Bridge Rail System at a post located at H, (lap)
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‘ Tra ﬂ_SpO riation MASH TL-3 Compliznce Assessment
Institute

(4 LRFD Strength Analysis of the Barier per AASHTO Section 13 Specifications - Summanry of Resulis:

F,= 71 ldp Transverse Impad Force located at H, (lap)
R; = 230.134 kip Resultant Strength of the Bridge Rail Systern at midspan located at H, (kap)
Structural Capacity of Barrier_at Midspan_Check = J"OK" if Ry zF,

"NOT OK™  otherwise

Structural Capacity_of Barrier_at NMidspan Check = "OK"

R, = 228302 kip Resultant Strength of the Bridge Rail System at a post located at H,, (lap)

Structural Capacity _of Barrier_at_a Post_Check = |"OK" if Ry 2F,

"NOT OK" otherwise

Structural Capacity_of Barrier_at a Post Check = "OK"
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‘ Tra n.spa rtation MASH TL-3 Complismce Assessment
Institute

(5) Strength Analysis ofthe Seperate End Post:

(53) Bending Capacity of the End Post sbout the Longitudinal Axis: M,

M pan

Fgure 9. Flenral Srength Analysis of the Bad Post about the Longitudinal dxds

H 43in Height of the end post measured from the top of the roadway (in.)

spost =

] = 18in Wadth of the end post (in)

spost

Bending C apacity of End Post Considering only the Parapet Vertical Reinforcement:
Mote: See Agwe I for avisual representaion of the reinforcement bars.

Apl G 1i_n2 Area of one parapet verticd reinforcement leg in the tension zone of the end post (in?)
.1 # Bars
N, spost = z Mutrber of parapet vertical reinforcement in the end post (n.)
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= Figure 5-397.112
‘ L’g;}?{ﬁ)‘% rtation MASH TL-3 Compliance Assessment

(Sa-conti;) Bending Capacity of the Fnd Post about the Tongitudina Axis: M, o

; e . . . .
Ap.spost 3L np.spost'Apl.spost = 2.in Total%\rea of parapet vertical remforment in the tension zone of the end
post (ind)
Ap.spost Ty 2 : .
a = —————— = 1961 in Depth of the Whitney Stress Block (in.)
P-post T ngsp g
- c “spost

d-p — 9.7 Lrverage extreme distance of tension parapat verical remnforcement in the end post (in)
.spost = 7=

a
p.sp ost] . :
o R i — e | = 87.606 ldp ft Flesura Capacity of the End Post ahout the
M]J Spost Ap'slms‘: ty [dp Spost 2 Longitudina Asas when considenng only the parapet
vertical reinforcment Jap-f)

Bending Capacity of End Post Consdering only the Deck Anchorage Vertical Reinforcem ent:

Mote: Ses Mgrre § for a visual representation of the renforcement bars.

A spost = 1.2'}‘in2 Areaof one anchorage verticd reinforcernent leg in the tension zonein the end post (in2)
: #10 Bars
1y spost = 2 Mutrher of andhorage vertical reinforcement in the end post (n.)

Aa.spost s na.spost'Aal.spost = 2.54-in2 Total Area of deck anchorage verticd reinformert in the tension zone
of the end post (in?)
-f,
2, spost = M = 2.49.in Depth of the Whitney Stress Block (in.)
U'Ss'f'c'bspust
da.spost = 16in Exttrerne distance of tenson deck anchorage vertical renforcement in the end post (n)
M, = Ay f [da = aa's""“] - 187387 kip ft Flesnural Caparity of the End Post ahout the
st PR Y oSt 2 Longituding Axis when cond dering onby the decle
achorage vertical remforcment (lap-f)
M post = mm(Mp.spust ; Ma.spl:lst) = B7.606 kdip ft Flezural Resistance of the End Post about the Longihudinal

Atz when considenng the citicd reinforcment  (-fi/f)
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‘ Tra n_spo riation MASH TL-3 Compliznce Assessment
Institute

(5a) Bending Capacity of the End Post about the Longitudinal Axis Summary of Resulis:

H, = 1%in h,=21in Height of the Transverse Impact Force, Fy ()

Ms.p ost = 57.696 Lip- ft Flesural Resistance of the End Post about the Longitudinal
Axis when considenng the cnticd reinforcment (k-fiife)

I\"Is post ;
Rspust = . = 50.112-kip Structurd Capacity of the End Post located at H, (kip)
e

Fy= 71-kip Transverse Irrpact Force locaed o H (Jap)
Distnbution Length of the Irnpact Foree ()

Lt =4.ft

Structural Capacity_of End Post Check = [

"OK" if Rs.postaFt
"NOT OK"  otherwise

Structural Capacity of End Post Check = "NOT OK"
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‘ Eg;}?{}?eﬂanan MASH TL-3 Complismce Assessment

(6) Conclusions:

Minimum_Height of Barrier Check = "OK"
Post_Sethack_Criteria Check = "NOT OK"

Snag Potential Criteria_Check = "OK"

Structural Capacity_of Barrier_at Midspan Check = "OK"

Structural Capacity_of Barrier at a_Post Check = "OK"

Structural_Capacity_of End_Post Check = "NOT OK"

The J-Barrier from Figure 5-397.112 does not satisfy all MASH T1-3 Criteria
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Institute

(1) General Information and Inputs:

1) Reference: & 4 SHTO MAZH Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.

(1a) General Inputs:

Cormpressive Strength of Conorete (psi)

' = 4000 psi
Field Strength of Concrete Reinforcing Steel, (est)
fy = O0ksi
Modulus of Elasticity of Steel (k)
E, = 29000ks
Height of the concrete barner measured from the top of the
H, = 32in roadveay surfacefoverlay (in. )
t, = Oin Thickness of overlay (n.)
h,=Hg+t, Total hetght of the barmer (in)

h.,

e

Overlay —/

Fgure 1. Shelch of Concrate WalllParapet Showing Input Wariables
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nstitute
(1b) Concr ete Parapet Inpuis:
Parapet Vertical Reinforcement Inputs:
Avp 1mid = III.Splin2 Areaof one parapet vertical reinforcement leg in the tension zone at midspan (in)
Syp mid = 12in Spadng of parspet vertical reinforcement a midspan (in)
dl:p.l’l'l.id 1= 8.1%in Extreme distance of parapet vertical reinforcement m tension at midspan (in)
Avpl.end L I]31ir12 Areaof one parapet vertical reinforcement leg in the tension zone at jointsfends (in2)
sz.El’lﬂ = 8in Spadng of parapet vertical reinforcement o jomts’ends (n). Averaged
over 4 feet
dl:p.ml:l = 8.10in Extreme distance of tension parapet vertical reinforcement at joints/ends (n.)
L ongitudinal R einfor cement Inputs:
Ag= IZI.Sin2 Areaof longitudina reinforcement bars in tension (in2)
d,, = 8.5in Extreme distance of tension longitudinal ranforcement of wall (in.)
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<= Transportation
Al [nstitute

{1b-conti,) Concrete Parapet Inputs:

Deck Anchorage Vertical Renforcement Inputs:

Lproj_Rsozg = 10in
Lywia_Rsozg = 7-5in
Cover .= 2in

RatiopsgsF =

5
12

&, RrspzE = 0625in

Projected length of RS0ZE reinforcement over the slah (in)

Outer width of RS0ZE reinforcement (in.)

Cover clear distance (in.)

Inclined angle of RS0ZE reinforcement

Nominal diatneter of R502E ranforcement #5 bar)

: 1 :
9ca = Lwid_Rsm2E * Lproj_rsoze Ratiopsmp + Cover - 7dy psppp = 13354 In

2
Aval.m.id = 0.31in
Svamid = 12in

deamid = ga= 13.354-in

Aval.md i U31i112
Swa.end = Sin

dy end = dgq = 13354 in

Extreme distance of tension deck anchorage verticd reinforcement (in,)

Areaof one dede anchorage vertical reinforcement leg in the tension zone at midspan (in2)

Spadng of deck anchorage vertical reinforcement & ridspan (in.)

Extreme distance of tension deck anchorage verhed renforcement of the wall at midspaniin.)

Areaof one dedke anchorage vertical reinforcement leg in the tension zone at joints/ends (n2)

Spadng of deck anchorage vertical ranforcement o joints'ends in). Averaged
over 4 feet

Extrerne distance of tension deck anchorage verhicd reinforcement at jointsfends (in)
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‘ Tra n_sp ortation MASH TL-3 Complizmce Assessment
Institute

(1c) Design Force Inputs:

Design Forces for Traffic Ralings
Test Lewel | Rail Height in) | R &ip | B qip | Radp | wieg | L@ He (in) | Hum (in)
TL-1 15 or ahove 13.5 45 45 4.0 15.0 158.0 18.0
TL-2 15 or ahove 270 an 45 4.0 18.0 200 18.0
TL-3 29 or above 710 15.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 63.0 22.0 35.0 4.0 15.0 250 36.0
TL4 () [between 36 and 42 30,0 27.0 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 420
TL-5 () greater than 42 262.0 75.0 160.0 10.0 40.0 430 420
TL G 1750 58.0 30.0 3.0 40.0 56.0 an.0
Eeferences:

o  TL-1and TL-2 Design Forces are from AASHTO LEFD Section 153 Table A13.2-1

& TL-3Desgn Forces are from research condu cted under CHEP Project 2007 Task 395

o  TL-4(a), TL4 (b), TL-5 (&), and TL-5 (b) Design Forces are from research conducted under
MNCHEP Project 22-20(2)

TLi=3 Test Lewvel

Fy = 7lkip Transverse [rmpact Force

L= aft Longitudinal Length of Distribution of Inpact Foree

H, = 1%n Height of Equivdent Transverse Load

H, i = 2%in Winitnum height of a MASH TL-3 barmer (n)

H, = 32in Height of the conarete barn er measured fromthe top of the roadway surfacefoverlay (in)
h,=32in Total hetght of bamer (in)
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(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 32.in Heght of the concrete bamier measured from the top of the roadway surface/oved a7 (in)
Minimum_Height of Barrier Check := ["OK" if H_ = H ..

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"
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i MASH TL-3 Complismce As t
‘ Institute omplismce Assessmen

(3) LR¥D Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(3a) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., (K-ftAt)

bh.:= 12in Uit Width of Wdl (n)
c ; y
Mote: by 15 takeen as 1 per A4 SHTO Section 13 procedure
Avpl mid = 031 i112 Area of one parapet vertical ranforcement leg in the tension zone (in2)
Syp.mid = 12-in Sparing of parapet vertical remforcement at rdspan (in.)
AV]JIl'I.iﬂ = 'Avpl mid = 0-31-in Total Area of parapet wertical reinforment per urit length of the wall
Syp.mid at rridspan (ind)
dl:p mid = $19-in Lorerage exdreme distance of parapet vertical remforcement in
) tension fin)
Avp mid'fy - .
a sq = ————= - 0456 in Diepth of Whitney Stress Blods (i)

Jid -
P 0.85-f b,

d acp amid
_ Avp.mid Ty | Yop.mid 2 Kip ft Flesurdl Resistance of the Wl sbout the Longitudinal
Mcp mid = b = 12341 £t Az at Midspan when considering only the parapet
€ vertical reinforcment spedfied in Article 41331 (e-firf)
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(3a conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., kft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 13354 i
ca.mid = +-0°% 1 ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 20,346 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = S fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 12341 ft at Midspan when considering the critical reinforcment
(k- /81)
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MASH TL-3 Complismce Assessment

(3b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b= 12in

Ayplend = 031 in”

Uit Width of Wl i)

Areaof one parspet vertical reinforcement leg in the tension zone at jointsfends (in2)

Lrrerage Spacing of parapet vertical reinforcement at jointefends (n) over

= 8.in

“vp-end 40 fost

b 2
= - = 0465 in
.end l.end
Avp Syp.end Avp
. X & P
ok 085£ b,

dep end = 819 in

e

joints’ends (in2)

Drepth of Whitney Stress Block (in)

Totd Areaof parspet vertical reinforment per vt length of the wall 2

Ayrerage extreme distance of tension parapet vericd remforcement at
jointsends (in)

cp.end -

Avalend = III.31-i.n2

Sya.end = 80

be
Avaend = {sva.de

Aea.end =
0851 b,

Ava.end'fy

b

Aep.end
fy'[dcp.end i 2
= 18247 ——
ft

kip-ft

Flezural Resistance of the Wall sbout the Longitudingd
Az & JointsEnds when considenng only the parapet
verticd remforcment specified in Article A13.3.1 (B

Areaof one deck anchorage verticd renforcement leg i the tension zone a
jointsends (in2)

Sparing of deck anchorage wertical remforcement at jointsfends ()

“Aval.mq = 0465 'inz

= 0.684 in

Depth of Whitney Stress Block (in)

Totd Areaof deck anchorage vertical ranforment per umt length of the
wal atjointsfends (in)
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SUBJECT MmDOT JBarier
Figmre 5-397.114
MASH TL-3 Complismce Assessment

(3b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

ca.emd =

’7% .end 'fy : [dca.end = - Caz-ﬂlﬂ]—‘

M i
ca.end h

C

Meend = m(Mcp.md’Mca.md) = 18.247.

= 30253 ——
ft

kdp-ft

13.354 .in Extreme distance of tension anchorage verticd remforcernent at joints/ends (i)

kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes
at joints/ends when considering only the deck anchorage
reinforcment specified mAride 41331 (-4

Flesurd Fesistance of the Wall ahout the Longiudinal dsas at
joinitsfends when considering the oritical reinforoment - £/

(3c) Bending Capacity of the Wall ahout the Vertical Axis: M,

d, - 85.in
A= 08int

h,=32.in

Aw'fy

ay = ———— = 044l in
085 hy

a.

M, = Aw-fy-[dw— Tw] = 33.118 kip ft

Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)

Total Area of longituding reinforcementbars acting in tension (ind)

Total heaght of the barmer (in)

Deepth of the Whitney Stress Block (in )

Flesural Resistance of the Wall ahout the Verticd Asas speafied in
ArhicleAl3.31 (k-f)
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SUBJECT. MmDOT .J Barier
Figmre 5-397.114
MASH TL-3 Compliance Assessment

(3d) Determine the Ultimate Resistance of the Wall a Midspan: R,

\\'\_\ ~ f.«
\\ \ /
N /
\{| I/
\ \'\ F
\Qj L/
5
Uy N
|

Le {
P—H—
| 14
4 b |
Ll N _L..-;Jr_-.,_"_--_?._;_ A
. I[ 2, \ Fi_ "_////l
H | R \ | //" |
' -4 |
e b
- ;___i_ S \\'..'.//

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.

H,=32in
MB = Okip ft

kip -ft
Mpnid = 12.341-T

M, = 33.118 kip ft

Ly=dft

Height of the barier messured from
the top of the overlay or roadway
surface (in.)

Note Hy,=Hin Figure 3d

No additond beam strength

Flex. Resistance of the Wall ahout
the Long, A at Midspan (k-fi'ft)

Flex. Resistance of the Wall
ahout the Vert. Aors ()

Longitudinal length of distribution
of inpart force ()

k [a]i 8y (M + V]

| R e - 0.826 ft (Equation 413.3.1-2)
cmid
2 2 Memid
2
M --(L )
2 cmid |~ emid
meid:= -S-MB+8-MW+— = 00949 ldp dfon 13 31-1
2-Lemig ~ Ly Hy, Caporsia 3
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SUBJECT. MnDOT .JBarier
Figmwe 5-397.114
MASH TL-3 Complismce Assessment

R | otiiite

(3¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, 4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

Hetght of the barner measured from the top of the overlay or roadway surface (in)
Mote: H,, =H in Figure 3e

M, = 33.118 kip ft

Ly- 4-ft

Lip -ft

Mgng = 18247

Mo additional beam strength

Flex Resistance of the Wall shout the Vert. Aoas (k-f)

Longiudinal length of distnbution of immpact foree (&)

Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
spedfied in Article 4134 2 (ki)

(Equation 413.3.14)

- 68059 kip (Equation 413 3.1-3)

2
L L Mg + M,
t t B
Lioondi=—+ (—] + hy | ———| = 4973 ft
2 2 M, ond
2
Ry, i M, (Mcend'l‘cmd j
md = VBt L -
2 Leendg ~ Ly by
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(3) LRFD Str
H, = 32in
hw =32.in

Rymid = 90949 kip

Ry end = 68.059 kip

H, - 19-in
hy,
R, sq = e = 153.178 kd.
Romid = Fwmid P
[He + 1t
by
Ri.ad = Rwend | " | = 114625 kip
ety
F, - 71 kip

Structural Capacity_of Barrier at_Midspan Check =

SUBJECT. MnDOT JBarier
Figire 5-397.114

MASH TL-3 Complismce Assessment

Anglvsis of the Barrier per AASHTO Section 13 Specificaions - Summan'v of Resulis:

Height of the Concrete Barner measured from
the top of the roadway suface in)

Ultimate Resistance of the wall at rridspan dap)

Utinate Resistance of the wall at the end ofthe wall orata
joint (ap)

Height of the Transverse Impact Fores, Fy(n)

Structural Capacity of the Barner at rdspan located o H, (kap)

Structural Capacity of the Barner & the end of the wall or & ajoint
located at H, (kip)

Transverse Impact Force located at H, (lkap)

"OK" if Rpgpiq=Fy

"NOT OKAY" otherwise

Structural Capacity_of Earrier_at Midspan Check = "OK"

Structural Capacity_of Barrier at Ends Check =

no

"NOT OKAY"

if RpenazFi

otherwise

Structural Capacity_of Barrier at Ends Check = "OK"
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= Figme 5-397.114
‘ ;;:g;} ?{F;?e rtation MASH Compliance Assessment

(4) Strength Analysis ofthe Seperate End Post:

(4a) Bending Capacity of the Fnd Post sbout the L ongitudinal Axis: M.

LAY I

Fgure da. Flenral Srengh Analysis of the Bad Post about the Longitudinal dxs

Hspost = 32in Height of the end post messured from the top of the roadwayfsurface (in.)

bspust = 36in Width of the end post (in)

Bending C apacity of End Post C onsidering only the Parapet Yertical Reinforcement:
Mote: See Mgee 1 for avisual representaion of the remforcement bars.

Apl spost = IZI.?‘SFin2 Areaof one parapet verticd reinforcement leg in the tension zone of the end post (in)
’ #: Bars
N spost = 4 Mumber of parapet vertical reinforcement in the end post (n.)

B-46




= Texas ARM SUBJECT MnDOT J Barrier

. Figire 5-397.114
o Transportation MASH Compliance Assessment
Institute

(4a-conti.) Bending Capacity of the End Post about the Longitndinal Axis: M, .o

Ap.spost i “p.spost'Apl.spost = 3.115-in2 Total Area of parapet verical reinforment in the tension zone of the end
post (in?)
_psposly ; Depth of the Whitey Stress Block (i
ap.spust:= = 1549 in epth of the ey Stress Black (in)
D'Ss'f'l:'bspost
d‘p spost = 8.5in Lorerage extreme distance of tension parapet verfical reinforcement in the end post{in)
; { _ap.q:ms‘t] 122 063 kip. ft Flesural Capacity of the End Post about the
spost = “p.spost 'y | "pspost ~ T ot ohE ; o
M]J ne Ap e fy dp R 2 Longituding dsas when considenng only the parapet

vertical reinforcment (op-ff)

Bending Capacity of End Post Considering only the Deck Anchorage Vertical Reinforcem ent:

Hote: See Mgre § for a wisual representation of the ranforcement bars.

Al ost = 1in2 Area of one anchorage vertied reinforcement leg in the tension zone in the end post (in)

e #9 Bars
N, spost = 4 Murrher of andiorage vertical reinforcement in the end post (n.)
Aa.spost = na.spost'Aal.spost = 4-in2 Total érea of da:.k anchorage verticd remfonmernt in the tension zone

of the end post (in2)
-f,
2, spost = Lawotly o Depth of the Whitney Stress Block (in)
085 bapost
d, spost = 14in Extreme distance of tension deck anchorage wertical renforcement in the end post (in.)
M, Ay f [da aa.spost] 260,392 kip ft Flesural Capacity of the End Post sbout the
= £ o ke | 392 kip-
A e st 2 Longtudinal Az when cons denng only the decls
achorage verfical reinforcment (lap-ff)

Ms.pust = mi‘“(M'p.s‘pust i Ma.spust) = 122063 kip ft Flezzural Resistance of the End Post about the Longitudinal

Az when considenng the cntied remforcment -G
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(49) Bending Capacity of the Fnd Post ghout the 1. ongitudinal Axis Summay of R esults:

H,=19-in Height of the Transverse Impact Foree, Fy (i)

st = 122.063 kip -ft Flesurd Resistance of the End Post shout the Longiudina

Ms.p o : T 5 :
Aods when considening the criical remforoment (-

M,
Rspust = spost 77.002 kip Structural Capacity of the End Postlocaed at H, (kip)
e
Fy= 71 kp Transwerse Irpact Foree located &t H, (Jap)
L, =4 ft

Distribution Length of the Impact Foree (ft)

Structural_Capacity_of End_Post_Check = [

"OK' if Rgpoq 2 Fy ]

"NOT OK" otherwise

Structural Capacity_of End Post Check = "OK"
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o " Figmre 5-397.114
‘ Tm "_ SPO rtation MASH Complisnce Assessment
Institute

(4b) Structura Capacity of the Fnd Post and the End of the Barrier: Ry o

Flgure dh Flemaral Srength and Bald Lire Anabwiz afthe Bnd Poet and the Contribuding Barvier Segmert.

Note: Rqutis equal to the structural capacity of the end post plus the structural capacity of the end of the barmer considering

areduced Ly Ly,

Structural Capacity at the End of the Barrier: CRW_.PM‘)
Dote: By considers areduced Ly called Ligyg

bspust= 3.t “Width of the End Post (£
L= ft Length of the Distnbution of the Impact Force (ft)
Lt.spust - Lt - bspust — 1.t Distribution Length of the Impad Force acting at the End of the Barrier (f)
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Institute

(4b-conti.) Structural Capacity of the Fnd Post and the End of the Barrier: Ry g4

Hy, = 32.in Height of the concrete bamier measured from the top of the roadway
surfacefoverday (in)
kip - ft Fleural Resistance of the Wall shout the Longitudinal Axis & JointsEnds
Meeng = 18247 == spedfied in Article 41342 (k)
Mg=0 Mo bean addition to the barmer
M,,, = 33.118 kip ft Flemra Reastance of the barrier shout the vertical aas (Jap-f)

2
_ Lispost Lt.spost Mg + My, Length of the ultimate
Lc.sp ost = 2 * 4 + Hy M = 2.756ft resistance at the end of the
cend harrier segment (ft)
-Modified Equaion 413314
2
) 2 (Mcend' Lc.spoﬁ: ) i Structurd Capacity at the end
Rond = EX T T Mg + My + - u____ |- 37.717 kip of the harmer segment using
c.spost t.spost w 1 located at Hi (kip)
-Modified Equaion 413.3.1-3
w Structural Capacity = the end ofthe barrier segent using Lygog
=R | = | = 63.524 ki .
Ri.spost = Rend [HJ P Iocated at H, kip)
Rs.post = 77092 kip Structural Capacity of the End Post located ot H, (kip)
RR.spost - Rw.spost - Rs.post = 140.616 kip Structural Capacity of the end post and conributing segment of
barrier (kip)
F;= 71.kip Transverse [mpact Foree located at H, (lap)

Structural Capacity_of End Post and FEnd_of Barrier Segment Check =
"NOT OK"  otherwise

"OK" if Rg ot Fy ]

Structural Capacity of End Post and End_of Barrier Segment Check = "OK"
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(5) Shear Capacity of the Barrier:

A =10
T, = %n
h,:= 15in
d, = 7.5in
Ly=4ft
fo=4 ks

Concrete Mod ficat on Factor

Top Width of the parapet (in)

Drepth of the shear zone at the critical segment (top most portion) of the bamer (in)

Distance from comprezsion face to the tension remforcement (i)

Length of the distnbuton of the impact foree (£t

Concrete parapet compressive strength (lest)

(3a) Shea acity of an Interior Segment of the Barier: V ;.

d
c 2 .
Alint = [(Lt+ dc)-Tw—| + 2-|Ihc + ?]'Tw:| = 837 in Concrete Parapet Shear Zone Area of an Interior Segment

c.int

of the Barrier (ind)

r
2.}\.|:[ 2oy .psi:|.AC int = 105873 kip Shear Caparity of an Interior Segment of the Barrier (lap)
J psiJ )

(Sh) Shear Capacity of :m FEnd Segment of the Barrier: V., 4

d d
A nd= {Lt + —c] ) L [hc + —c] ‘T, = 634.5 .in2 Concrete Parapet Shear Zone Area of an End Segment of
2 2 the Baier (n2)
£ . o
Vema = 2M — |-psi|-A, g q = 80.259 kip Shea Capacity of an End Segment of the Bamier (kip)
: pdl 4

Vo= min(Vegne, Vo o g) = 80.259 kip

Fy= 71lip

Critical Shear Caparity of the Barner (Jap)

Transverse Imparct Foree {Jap)

Shear_Capacity _of Barrier Check:= |"OK" if V .z F, ="OK"

"NOT OK" otherwise
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 Texas AGM SUBJECT MnDOT J Barier

u Figmre 5-397.114
‘ L’g ;}f{?{%ﬂa" on MASH TL-3 Complismce Assessment

(6) Conclusions:
Minimum _ Height of Barrier Check = "OK"

Structural Capacity of Earrier at Midspan Check = "OK"

Structural Capacity of Barrier at Ends Check = "OK"

Structural Capacity of End Post Check = "OK"

Structural Capacity of End Post and_End_of Barrier Segment Check = "OK"

Shear Capacity_of Barrier Check = "OK"

The J-Barrier from Figure 5-397.114 does satisfy all MASHTL-3 Criteria
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=|  &703E
&
Top of
2-RS0SE —] epproach
' 5

Z*R‘}DE/

-
1g Finish top of end
5 post to 1/8" crown

3B e T

hom. See Guardrail

16"

=T
| T
- /

Name Plate

See sheet 1 for location,

Rim of plate shall be flush with concrete,

A

2-RA_EtoRd__E

loagitudinal rail bars (1yp.)

See eflection Jaint
Detalls below.

-t

it g

LS

Q

&
[N

i

!

.

N

|
[II-RSQEE

38"k
Plate

iy 19 x 13
3" x12 R 13 le-—\

2-No, 9E bers
{  See Abutment Sheet
2 \—Plrméulbk Constr. Joint
LA 25 6 x 10" Keyway

END VIEW

1" Standerd pipe
L 68 Is, JH,

125 13"

2508
0"
2

Battom

S Dimensions
(. include
3/ plate

§ 1" dia, holes in plate

SECTION B-B
(Reinforcement net shown)

1z .
4 L TTE S

d—'sta,
VIEW C-C

GUARDRAIL CONNECTION DETAIL

B 172" Ve, tp and verticai edges.
Galvanize afier fabricatian per Spec. 3%
Estimated Welgnt = 24 |bs,
sht B % .
E E SECTION E-E
172" Vee
¥ 3
F F
‘ SECTION E-
e F secrion &-6
ELEVATION

o
\ Top of bridge slah—J‘
1 0 Max. Spacing

aed

i B
RSOLE & RSO

( EXPANSION DEVICE MOT SHOWN }
VERTICAL END POST

SECTION D-D

\— 2~ RADTE to R4__E longRtudinal rait bars {Typ.}

thru deflection joint

INSIDE ELEVATION OF RAILING
{WEARING COURSE NOT SHOWN )

RAIL RUSTICATION

17 Cork or approved enual

DEFLECTION JOINT DETAILS

1T RSQ4E
) L) 505

R504E & R505E
'R
See Rail &)
Rustication Detail ~
5
fap
g-12
R501E

Fe— Deflection Joint
DEFLECTION JOINT

3-314" inside dia, ~-,

=] £\
A Wearing =
course RS02E =
1' 0" Wax,_Spacin: 8" 8
i e 2
€ Expansion Joint ns tractoon. ot it l- \—Elev‘ of top of

ir

U-5/8" R.

DU s

16 = Based on 9" edge of slab

R502E

b

L] 5]

R703E

EXPANSION JOINT
{EXPANSION DEVICE NOT SHOWR)
Bipansion joint required only
if expansfon device is used.
See supersiructure sheets,

Rough Finish —
at gutter iine
SECTION -A-A

BiLL OF REINFORCEMENT FOR RAILING
BAR | MO. | LENGTH [SHAPE | LOCATION
E: 75" | Bemi | Bail Vanlcal
R E| ! & Bent i fica )
Banl i P
RS Beni | £0d Po;
505 EBea: | End Py
RO 06, | Ben | End oy
RAD7 tr% | Baif Loaa, |
4 08| I St | Rall Lena”
s T

GENERAL NOTES:

Bars marked with the sufflx “E" shall be spoxy ceated in
accordance with Spec, 3301 -

Conc. Railing » 440 Ibs. /it
Conc. Railing = . 109 cu. yds. /it.

Rall and end post tobe Concrete Mix No. 3xd6
Guardrail cennection 1@ be Structural Steel, Spec, 3306

Finlsh all edges of rall and end post with 1/2° vee except
whare otherwise noted.

See supsrstructure shest for joint spacing,
Maximum spacing of concrate defisction Joints shall be 200",
Guardrall connection tobe included !nprice bid for sther items.

Rali quantitles are Inciuded |n summary of quantitiesfor
suparstructure,

Length of ralling concrete to be measured for payment between outside
faces af end posts.

CONCRETE RAILING (TYPE J )
WITH SEPARATE END POST

C—
Sheet No.  of Sheets
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' A = Figire 5-397.116
‘ TF'HII_S‘E ortation VASH TL-3 Complizmce Assessm ent
Institute
(1) General Information and Inputs:
1) Reference: & 4 SHTO MAZH Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.
(1a) General Inputs:
' = 4000 psi Corrpressive Strength of Concrete (pst)
fy = aillksi Yield Strength of Concrete Reinforcing Sted, (est)
E; = 20000ks Wodulus of Elasticity of Sted (lesi)
H, := 3Zin Height of the concrete harrier measured from the top of the
roadway surfacefbverlay (in)
Ty Thickness of overlay (in)
hy, = Hg+t, Total height of the barner (in)

Overlay

Fgure 1. Shelch of Concrate WalllParapet Showing Input Wariables
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- Texas A&M SUBJECT MnDOT JBarier

“ };Irg;}f[’;[%”a tion HMiS’E:ISiiﬁ]éfmplimce Assessment
(1b) Concr ete Parapet Inpuis:
Parapet Vertical Reinforcement Inputs:
Avp Lmid = I].3-1i112 Areaof one parapet vertical reinforcement leg in the tension zone at midspan (in?)
Sypmid = 12in Spanng of parapet vertical reinforcement & midspan (in)
dl:p.mid ;= Bin Extreme distance of parapet vertical reinforcement in tension at mudspan (n)
Avpl.end = I]31i112 Areaof one parapet vertical reinforcement leg in the tension zone at jointsfends (in2)
Syp.end = 12in Spadng of parapet vertical reinforcement o jomts’ends in)
dl:p.md = Oin Extreme distance of tension parapet vertical reinforcernent at joints/ends (n.)
L ongitudinal R enfor cement Inputs:
A, = 0Sin® Areaof longitudinl reinforcement bars in tension (%)
d,. = 8.125in Extreme distance of tension longitudinal ranforcement of wall (in.)
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Figmwe 5-397.116
MASH TL-3 Complismce Assessment

= Texas A&M

4N Transportation
Al |nstitute

{1b-conti,) Concrete Parapet Inputs:

Deck Anchorage Vertical Renforcement Inputs:

Lorej RsmE = 10in

Lyid_Rs02E = 7-5in

Cover ;= 2in

5

Ratio i
RS0ZE 12

db_Rﬂ]ZE = 0.625in

Projeded length of R502E reinforcement over the slab {in.)

Outer width of R502E reinforcement (in)

Cover clear distance (in.)

Inclined angle of RS02ZE reinforcement

Mominal diameter of R302E rainforcement 35 bar)

. 1 =
9ca = Lwid RSm2E * Lproj_Rsoz Ratiopsmp + Cover - 2dy psppp = 13354 In

Ayl pmiq = 0-31n°
Svamid = 12in

camid = Upg = 13354-in

Avalend = 031in’
Simend = 12in

ca.end = Ugg = 13-354-in

Extreme distance of tension deck anchorage verticd renforcement (in)

Areaof one deds anchorage vertical reinforcement leg in the tension zone at midspan (in2)

Spadng of deck anchorage vertical reinforcement a roidspan (in.)

Estreme distance of tension deck anchorage vericd renforcement of the wall a midspaniin}

Areaof one deds anchorage vertical reinforcement leg in the tension zone at joints/ends (n2)

Spanng of deck anchorage vertical reinforcement a j oints’ends (in)

Estreme distance of tension deck anchorage vericd reinforcement at jointefends (in.)
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ras = Figire 5-397.116
‘ Tra n_sp ortation MASH TL-3 Complizmce Assessment
Institute

(1c) Design Force Inputs:

Design Forces for Traffic Ralings
Test Lewel | Rail Height in) | R &ip | B qip | Radp | wieg | L@ He (in) | Hum (in)
TL-1 15 or ahove 13.5 45 45 4.0 15.0 158.0 18.0
TL-2 15 or ahove 270 an 45 4.0 18.0 200 18.0
TL-3 29 or above 710 15.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 63.0 22.0 35.0 4.0 15.0 250 36.0
TL4 () [between 36 and 42 30,0 27.0 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 420
TL-5 () greater than 42 262.0 75.0 160.0 10.0 40.0 430 420
TL G 1750 58.0 30.0 3.0 40.0 56.0 an.0
Eeferences:

o  TL-1and TL-2 Design Forces are from AASHTO LEFD Section 153 Table A13.2-1

& TL-3Desgn Forces are from research condu cted under CHEP Project 2007 Task 395

o  TL-4(a), TL4 (b), TL-5 (&), and TL-5 (b) Design Forces are from research conducted under
MNCHEP Project 22-20(2)

TLi=3 Test Level
Fy = 7lkip Transverse [rmpact Force
L= aft Longitudinal Length of Distribution of Inpact Foree
H, = 1%in Height of Equivdent Fansverse Load from top of overlay
h, = H,+ t, Total epuvdenttransverse rmpact height (in)
H, i i= 29in Whnimum height of a MASH TL-3 barmer (in)
H, = 32.in Height of the conorete harn er measured fromthe top of the roadway surfacefoverlay (in)
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(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 32.in Heght of the concrete bamier measured from the top of the roadway surface/oved a7 (in)
Minimum_Height of Barrier Check := ["OK" if H_ = H ..

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"
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= Texas A&M SUBJECT MnDOT .JBarier

4N Transportation Figure 5-397.116
i MASH TL-3 Complismece As t
‘ Institute omplismce Assessmen

(3) LR¥D Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(3a) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., (K-ftAt)

bh.:= 12in Uit Width of Wdl (n)

c ; y

Mote: by 15 takeen as 1 per A4 SHTO Section 13 procedure
Avpl mid = 0_31.1112 Area of one parapet vertical ranforcement leg in the tension zone (in2)
Syp.mid = 12-in Sparing of parapet vertical remforcement at rdspan (in.)
AV]JIl'I.iﬂ - 'Avpl mid = 031 in Total Area of parapet wertical reinforment per urit length of the wall
-mi at rridspan i
Syp.mid il
dl:p mid = 0.in Lorerage exdreme distance of parapet vertical remforcement in
! tension iin.)
Avp.mid Ty . _

a id = —— - 0456 in Depth of Whitney Stress Blodk (in)

PeT pgs. b,

d a|:1J.rnil:l
_ Avp.mid Ty | Yop.mid 2 Kip ft Flesurdl Resistance of the Wl sbout the Longitudinal
Mcp mid = b = 13597 £t Az at Midspan when considering only the parapet
€ vertical reinforcment spedfied in Article 41331 (e-firf)
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(3a conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., kft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 13354 i
ca.mid = +-0°% 1 ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 20,346 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = S fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 13307 ft at Midspan when considering the critical reinforcment
(k- /81)
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(3b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 0-31- in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 17 -in Spacing of parape vertica remforcement at jomtsfends (i)
b 2
Avp md = 'Avpl md = 031in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)

g g~ Spendly 0.456 in Depth of Whitney Stress Block (in.)

ok 085£ b,
dcp nd = 2in Ayrerage extreme distance of tension parapet vertical reinforcement at

jointsends (in)
i la _ Aep.end

M ] AVP ey epend 2 13507 kip-ft Flezural Resistance of the Wall sbout the Longitudingd

cp.end b = TR Azis & Joints/Ends when considening only the parapet

2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.end = 0310 Srittends 40}
Sya.end = 12-in Sparing of deck anchorage wertical remforcement at jointsfends ()
¢ 2
AL end = A1 emd= 03Lin Totd Areaof deck anchorage vertical reinforment per wat length of the
Sva.end will at jointsiends (in2)
L e Depth of Whitney Stress Block (in)
' 085, b,
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(3b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

dy g = 13354 -in Estreme distance of tension anchorage vericd remforcement at jointsfends (in)
a5 2 a.end
) Ava.end Ty'| dea.end 2 kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes
Mgy end = h = 20346 ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)
kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at

Meend = mjn(Mcp.md > Mca.md) = 337 joinitsfends when considering the oritical reinforoment - £/

(3c) Bending Capacity of the Wall ahout the Vertical Axis: M,

d,, = 8125 in Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)
A= u_g.inz Total Area of longituding reinforcementbars acting in tension (ind)
hy, = 34-in Total heaght of the barmer (in)
Ay 'fy : 2 ;
—_— _ 0415.in Depth of the Whitey Stress Block (in.)

aw =
085 hy,

aw] : : : Y
= £, - — | = 31.67 kip ft Flextural Resistance of the Wall about the Verticd Asas specified in
M= Ay {dw 2 ArticdeA13.31 (k)
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(3d) Determine the Ultimate Resistance of the Wall a Midspan: R,

Le {
— Lt — . Height of the bamier measured from the
| Hy = 32in top of the oveday or roadway surface
| 4 . in)
I —_ ote; = H i Figure
i 1 - MNote H,,= Hin Figure 3d
T e B
. I[ 2, \ Fi_ "_//// |
H I R ///" | Mp = Okdp ft Mo additional beam strength
) R |
e Rl H
I I - X
L -
| M nid = 13.55!‘}'-M Flex. Resistance of the Wal shout
! N | {\\ S ft the Long Asis at Midspan (kB8
\ | \
\\ "\ ; __.r'!
A\ /
\\ /
\\\ * f /
\\\\_ /
\\\\J L/ M,, = 3167 kip £t Flex. Resistance of the Wall
™~ N dhout the Vert. Aons )
NI e .;'L:“
] \ / / L= dft Longitudinal length of distribution
| .'\\ f'f-"; of impact force (ft.)
$ \ J,rf ..__," s
Mo\ /
| H <\vr" He
L \\\-\
Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.
Ly (L)’ [Shy(Mp+ My]] :
) I — | g ="+ = " gs35ft (Equatton 413.3.1-2)
cmid
2 2 Memid
2
M. . -(L ; )
. cmid cmid, R
Rymid = (Z'Lcmjd_ Lt]. 8Mg+8M,+ ———— || - 91526 kip (Equation 413.3.1-1)
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(3¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, 4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

Height of the barrier measured fom the top of the owerlay or roadway surface (n)

H, = 32-in
Mg=0 Mo additional beam strength

M, = 3167 kip ft Flex Resistance of the Wl ahout the Vet Asis (k-f)
Li=4-ft Longitudinal length of distnbution of irmpact foree (f)

Ldp -t Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
spedfied in Article 4134 2 (ki)

Mgng = 13597

s
L L Mp + Mw
t t B 2
Lognd = =+ (—] + hy, | ——— | = 5256 ft (Equation 413.3.14)
2 2 Ml:enl:l
2 d’ d .
Ryemd'= | = || Mg+ M +H = 50442 kip (Equation 413.3.1-3)
2 Leeng ~ Lt hy
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(3) LEFD Str Analvsis of the Barrier per AASHTO Section 13 Specifications - Summ:anv of Resulis:

h, = 34.in Total Height of the Concrete Barrer measured
frotm the top of the roadway surface (in)

Ry mid = 91526 kip Ultimate Resistance of the wall at rridspan dap)
B Ultimate Resistance of the wall at the end of thewall orata
Rwend = 50.442 kip joint Jap)

h,=21l-in Total Heaght of the Transverse Inpact Forcg
Fyfin)
R; = P = 148185 ki Structural Capacity of the Barner at rdspan located o H, (kap)
Ramid = Rymia'| 7 |~ 148185 1dp aparty! P H, (hap
e’ o
R; M 81.668 ki Structural Capacity of the Barnier @ the end of the weall or & ajoint
Rend = Fuwemd = 81.668 kip aparity of the Barrier & the end of the or & ajoin
Hy+ t, located at H, (dip)

F,= 71.kip Transverse Impact Force located & H, (kip)

Structural Capacity_of Barrier_at_Midspan_Check = |"OK" if Rp,..,2F,

"NOT OKAY" otherwise

Structural Capacity_of Earrier_at Midspan Check = "OK"

Structural Capacity of Barrier at Ends Check = |"OK" if Rp .= F

"NOT OKAY" otherwise

Structural Capacity_of Barrier at Ends Check = "OK"
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(4) Strength Analysis ofthe Seperate End Post:

(4a) Bending Capacity of the Fnd Post sbout the L ongitudinal Axis: M.

LAY I

Fgure da. Flenral Srengh Analysis of the Bad Post about the Longitudinal dxs

Hspost = 32in Height of the end post messured from the top of the roadwayfsurface (in.)

bspust = 24in Width of the end post (in)

Bending C apacity of End Post C onsidering only the Parapet Yertical Reinforcement:
Mote: See Mgee 1 for avisual representaion of the remforcement bars.

Apl spost = 1i.n2 Area of one parapet verticd reinforcement leg in the tension zone of the end post (in2)
’ # Bars
N spost = 2 Mumber of parapet vertical reinforcement in the end post (n.)
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(4a-conti.) Bending Capacity of the End Post about the Longitndinal Axis: M, .o

Ap.spost i “p.spost'Apl.spost = 2-i112 Total Area of parapet verical reinforment in the tension zone of the end
post (in?)

pspost Ty - th of the Whi lock
ap.s,‘lust == = 1471 in Depth of the ey Stress Block (in.)

D'Ss'f'l:'bspost
d‘p spost = Qin Lorerage extreme distance of tension parapet verfical reinforcement in the end post{in)

{ ap.spost] 82.647 kip ft Flezzural Capacity of the End Post about the
= £ - ——— | - 82.647 kip-

M]J.sp ot A]J.spl:lﬂ: fy d‘p.sp e 2 Longitudinal Axis when considening only the parapet

vertical reinforcment (op-ff)

Bending Capacity of End Post Considering only the Deck Anchorage Vertical Reinforcem ent:

Hote: See Mgre § for a wisual representation of the ranforcement bars.

Al ost = 1in2 Area of one anchorage vertied reinforcement leg in the tension zone in the end post (in)

e #9 Bars

gy er of anchorage vertical reinforcement in the end post (in,
N, spost Murrher of andu 4 reinfi the end
Aa.spost = na.spost'Aal.spost = 2-in2 Total érea of da:.k anchorage verticd remfonmernt in the tension zone
of the end post (in2)
-f,
%, spost = tawostly i Depth of the Whitney Stress Block in )
085 bapost
d, spost = 14in Extreme distance of tension deck anchorage wertical renforcement in the end post (in.)
M, Ay f [da aa.spost] 132.647 Lkip ft Flesural Capacity of the End Post sbout the
= £ = bl [ 647 kip-
A e st 2 Longtudinal Az when cons denng only the decls
achorage verfical reinforcment (lap-ff)

Ms.pust = mi‘“(M'p.s‘pust i Ma.spust) = 82.647 kip ft Flezzural Resistance of the End Post about the Longitudinal

Az when considenng the cntied remforcment -G
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(49) Bending Capacity of the Fnd Post about the 1.0
H,- 19-in
My p st = 82.647 kip £t
_ Uso 52108 ki
Rs.post = H, = oL P
F, = 71 kip
Ly- 4-ft

Structural Capacity_of End_Post Check = {

 Texas A&M
Transportation
Institute

SUBJECT

jtudinal Axis Summ:

MnDOT J Barier
Figre 5-397.116
MASH TL-3 Complismce Assessment

of Results:

Height of the Transverse Impact Force, Fy(n)

Flesoural Resistance of the End Post about the Longitudinal
Awis when considenng the entied reinforcment (-ft/f)

Structurd Caparity o

fthe End Post located at H, (kap)

Transverse Irnpact Force located at H, (kip)

Distibution Length of the Irnpact Foree (ft)

"OK" i Rgpoq 2 Fy ]

"NOT OK™ otherwise

Structural Capacity_of End Post Check = "NOT OK"
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(4b) Structura Capacity of the Fnd Post and the End of the Barrier: Ry o

bypunct

Flgure dh Flemaral Srength and Bald Lire Anabwiz afthe Bnd Poet and the Contribuding Barvier Segmert.

Note: Rqutis equal to the structural capacity of the end post plus the structural capacity of the end of the barmer considering

areduced Ly Ly,

Structural Capacity at the End of the Barrier: CRW_.PM‘)
Dote: By considers areduced Ly called Ligyg

bspust= 2.t “Width of the End Post (£
L= ft Length of the Distnbution of the Impact Force (ft)
Lt.spust - Lt - bspust - 2.t Distribution Length of the Impad Force acting at the End of the Barrier (f)
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(4b-conti.) Structural Capacity of the Fnd Post and the End of the Barrier: Ry g4

(Hw) - 3.in Height of the concrete bamier measured from the top of the roadway
surfacefoverday (in)
kip - ft Fleural Resistance of the Wall shout the Longitudinal Axis & JointsEnds
Meeng = 13597 == spedfied in Article 41342 (k)
Mg=0 Mo bean addition to the barmer
M, = 3L67 kip ft Flemra Reastance of the barrier shout the vertical aas Jap-f)

2
Lispost Lt.spost Mg + My Length of the ultimate
L. 2 + +hy | ——|=3757# :
.Sp ost 2 a M resistance at the end of the
cend harrier segment (ft)
-Modified Equaion 413314
M L 2
) 2 cend “c.spost i Structurd Capacity at the end
Ropd = ﬁ | Mg + My + T = 30.056 kip of the harmer segment using
c.spost t.spost 1 located at Hi (kip)
-Modified Equaion 413.3.1-3
by, Structural Capacity at the end of the barrier segment using Ly
I = 58.376 ki : ot
Ryr.spost end {He*' i P located at H, (Jap)
R, post = 52.198 kip Structural Capacity of the End Post located ot H, (kip)
RR.spost - Rw.spost - Rs.post = 110.574 kip Stu.cmral. Caparity of the end post and conributing segment of
barrier (lap)
F;= 71.kip Transverse [mpact Foree located at H, (lap)

Structural Capacity_of End Post and FEnd_of Barrier Segment Check =
"NOT OK"  otherwise

"OK" if Rg ot Fy ]

Structural Capacity of End Post and End_of Barrier Segment Check = "OK"
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(5) Shear Capacity of the Barrier:

A =10 Concrete Modi ficaion Factor

T, = %in Top Width of the parapet (in.)

h,:= 15in Drepth of the shear zone at the critical segment (top most portion) of the bamer (in)
d, = 825in Distance from compression face to the tension reinforcernent (in.)

Ly=4ft Length of the distnbution of the inpact force (ft.)

f =4 ks Concrete parapet compressive strength (lest)

(3a) Shea acity of an Interior Segment of the Barier: V ;.

d
c 2 .
Alint = |7(Lt + dc) . Tw—| + 2-|Ihc + ?] : Tw:| = B50.5 in Concrete P.arap.et Shea Zone Area of an Intenior Segment
of the Barrier (ind)
fe ; : 5 oo
Veint = 2% — | -psi|-Ap jpe = 107581 kip Shear Capacity of an Interior Segment of the Barnier (kip)
: o :

(3h) Shear Capacity of a End Segment of the Barrier: V., 4

d d
A et — T g e == T 641.25-in2 Concrete Parapet Shear Zone Area of an End Segment of
.end tT o, w et o, w e
the Barrier (in?)
£ : N~
Vemd=ZH E psi |- Ay o g = 81.112 kip Shear Capacity of an End Segment of the Bamer (lap)
V= mm(vcjm, vc_m) = 81112 kip Critical Shear Caparity of the Barrier (kip)
Fy= 71kdp Transverse Impact Foree (ap)

Shear Capacity_of Barrier Check = [

"o if ch Ft ] - "OK"

"NOT OKAY" otherwise
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(6) Conclusions:

Minimum_Height of Barrier Check = "OK"

Structural Capacity of Barrier_at DMidspan Check = "OK"

Structural Capacity_of Barrier_at Ends Check = "OK"

Structural Capacity_of End Post Check = "NOT QK"

Structural Capacity_of End Post and End_of Barrier Segment Check = "OK"

Shear Capacity_of Barrier Check = "OK"

The J-Barrier from Figure 5-397.116 does not satisfy all MASH TL-3 Criteria
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See Abutment Sheet

EF'—L Lermisslbse Gonstr. Joint
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&
P
e
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1,48 Ibs. /Mt
3BT 12 1F 3"
Plale
BB
ek
: Typ.
| g | e " = £|
FE ool Lz s £/4 vimensions
SECTION EB-B =) & Isrl\!i['l'l;d\:ta

{ Reinforcement not shawn ¥
§ 1" dia. heles in plate

EAE VS
Prate N

VIEW C-C

GUARDRAIL CONNECTION DETAW
Galvanize afer fabrication per Spec. 33%4
Estimated Weight = 25 Ibs.

See Guardraill

Connection Betall
z—nsms—\
% T
N (

No. 10E bars

Flmish top of end
post te 1/ crown.

2-R4__FtaR4_E
iehgitudinal rall bars {Typ.)

]

= " 7 |
1 4
v 4
B L +|| [B]

e
Tap of
approach

curd. ]

‘I
\

31

izvpsﬂsh
3] | vin 7 |_ 8
RI0GE L

18 o RSO1E & RSUZE
|BavTE 3 RO
{EXPANSTON DEVICE NOT SHOWN}
VERTIGAL: END POST

2-R50SE.
SECTION D-D

2-R4__EtoR4__E
2-R4__EtoRd. tiarsthiru deflection joint
longitadindl:rail Bars (Typ.}

DEFLECTION JOINT
INSIDE ELEVATION OF RAILING

CWEARING COURSE NOT SHOWIN)

RAIL RUSTICATION

14 Cork or approved equal
12" Vee, top and vertical edoes

[
7 S .
£ E SECTION E-E
12" vee
¥ “+
P | F
| ) -

ed SECTION F-F  grerion @-6

ELEVATION

DEFLECTION JOINT DETAILS

>— See Rail Rustication

2 o i

RS04E

It 5

RSOSE

Detail

it gt

10

R504E & RBOSE

§ Expansion Joint

EXPANSION JOINT
CEAPANSION TEVICE NOT SHOWH)
Expanslen joint requized only
if expanslon device is used,
2 Seq supersiructure sheets.

=

g U
4-5/8" R.

an

30

3:0]:33

&
10"
R501E

v

Name Plate = Sidawalk
Rim of plate shal} ge flush with concrete, IS]:;:JI:f:’eE?Jzn Aot ‘
See shest 1 fof location. ) Mo,
A e an
] "“‘l‘-’ €lr.
/ | ] a4
I - T i
= 1E |
=
2 8.
5 g B
J—— = bl s
= g\ |
1' g E ~
ap ..{ 1 2,
e I — = A/L—" S|
o of bridae 5_lahJ ot Remriry B # M““_ﬂ —ié ulf
e S RSOLE & RSOZE e e
gacing e TR 5 e
=

Constraction Jmntj Efev, of top uf3
Rough Finizh .
2t gutter line

SECTION A-

BILL GF REINFORCEMENT FOR RAILING

BaR SHAPE | LOCATION
Yertical §

[RSOZE] e a [
R 1g Pa:
5DAE] os

505} eq Pos
RIGEE] | End Past

071 trlt 2
[RATSE] el 5

GENERAL NOTES:
Gonc. Railing = 640 1bs. it
Cone. Raiting = 158 ci, yds. /1L

Rail and end post to he Concrete Mix No. 3X46
Guradrail contection to be Structural Stes!, Spec. 3306

Finlsh 2l| edges of 7ail and end post with 1/2" vee except
where otherwise noted

See superstructure sheet for jolnt spacing.
Maxlmum spaci ng of concrete deflection Jolnts shatl be 20" 0"

Guardrall congectlon to be Included In price bid for
athet items.

Rall quantitles are Included In summary of quant ities for
Length of railing concrete to he measured for
payment betwsen outside faces of end posts.

Bars marked with the suffix "E'* shal! be epoky coated In
accordance with Spec, 3301

“TRPROVED:

Nov. 26, 1985 | FIG. 5-397.118

CONCRETE RAILING [TYPE J-5W)

WITH SIDEWALK AND SEPARATE £MD POST

'Sheet No.

16" gased on 9" edge of slab superstructure,
R502E
'R
3 T
R703E [TiTLE:

of Sheets

Bridge No.

|
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(1) General Information and Inputs:

1) Reference: & 4 SHTO MAZH Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.

(1a) General Inputs:

' = 4000 psi Corrpressive Strength of Concrete (pst)

f}, = 60ksi Yield Strength of Concrete Reinforcng Sted, (si)

E, = 29000ksi Wodulus of Elasticity of Sted (lesi)

H,, := 46in Height of the concrete harrier measured from the top of the
roadway surfacefoverlay (in)

t, = 2.0in Thickness of overlay (n)

hy = Hy + t, Total height of the barrier (in))

o d.,

Overlay —/

Fgure 1. Shelch of Concrate WalllParapet Showing Input Wariables

VA
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(1b) Concr ete Parapet Inpuis:
Parapet Yertical B einforcement Inputs:
Avp 1mid = III.Splin2 Areaof one parapet vertical reinforcement leg in the tension zone at ridspan (i)
Syp anid = 12in Spadng of parapet vertical reinforcement & midspan (in.)
dl:p mid = 10.18in Extreme distance of parapet vertical reinforcement in tension at mudspan (in)
Avpl diid I]31i112 Areaof one parapet vertical reinforcement leg in the tension zone at j oints/ends (ind)
Syp.end = 9.6in Spaang of pargpet vertical reinforcement a joints’ends (in) (5 bars aver
’ 48 inches)
dl:p ad = 10.18in Extreme distance of tension parapet vertical reinforcerent at joints/ends (n.)
L ongitudinal R enforcement Inputs:
A= |:|_8in2 Areaof longitudina reinforcement bars in tension (in?)
d,, = 9.625in Estreme distance of tension longitudingl ranforcement of wall (in )
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(1b-conti.) Concrete Parapet Inputs:

Deck Anchorage Vertical Reinforcement Inputs:

Lproj_rsozg = 10in

Lyid Rsp2E = 9in

Cover ;= Zin

5
Ratio e
RS02E 12

&, RrspzE = 0625in

SUBJECT. MmDOT J Barier
Fignre 5-397.118
MASH TL-3 Complismce Assessment

Projected length of RS0ZE reinforcement over the slah (in)

Outer width of RS0ZE reinforcement (in.)

Cover clear distance (in.)

Inclined angle of RS0ZE reinforcement

Nominal diatneter of R502E ranforcement #5 bar)

: 1 :
9ca = Lwid_Rsm2E * Lproj_rsoze Ratiopsmp + Cover - 7dy pspyp = 14854

Extreme distance of tension deck anchorage verticd remforcement (in)

Deck Anchorage Vertical Renforcement Inputs:

I 031in°
Samid = 120

l:ll:a.rnid:

2
A‘Wll.ﬂ’lﬂ = 031in
Sva.end = 9.6in

dea.end = Gea

- dg,= 14854.in

= 14.834 in

Areaof one deds anchorage vertical reinforcement leg in the tension zone at midspan (02

Spadng of deck anchorage vertica ranforcement & ridspan (i)

Extreme distance of tension deck anchorage verticd renforcement of the wall at midspaniing)

Areaof one dedk anchorage vertical reinforcement leg in the tension zone at joints/ends (o)

Spadng of deck anchorage vertica ranforcement & jomnts’ends in) (5 bars over 4

feet average)

Extreme distance of tension deck anchorage vericd remnforcement at jointsfends (in)
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(1c) Design Force Inputs:

SUBJECT MnDOT J Barrier

Design Forces for Traffic Rallings

Figire 5-397.118
MASH TL-3 Complizmce Assessm ent

Test Lewel | Rail Height in) | Rkip) | Fogdp | F&ip | vlean | Ledny | Bdaw | Human
TL-1 18 orabove 13.5 45 45 4.0 18.0 18.0 18.0
TL-2 18 or above Zin a0 4.5 4.0 18.0 200 18.0
TL-3 29 orabove L0 15.0 45 4.0 18.0 180 2580
TL~ (a) 36 G2.0 220 38.0 4.0 18.0 250 36.0
TL-d (W |between 36 and 42 a00 270 22.0 50 18.0 300 36.0
TL-S (a) 42 160.0 41.0 0.0 10,0 40.0 350 42.0
TL-S (i greater than 42 262.0 750 160.0 10,0 40.0 430 42.0
TL 6 175.0 58.0 &0.0 a0 40.0 6.0 0.0
Eeferences:

o TL-1and TL-2 Design Forces are from AASHTO LEFD Section 153 Table A13.2-1

& TL-3Desagn Forces are from research condu cted under NCHEP Project 2007 Task 395
o TL-4(a), TL4 (b), TL-5 (&), and TL-5 (b) Design Forces are from research conducted under

NCHRP Project 22-20(2)

TL:= 3

Fy = Tlkip
Ly = dft

H, = 1%in
H, i -= 2Pin
H, = d6in

Test Lewvel

Transwverse Impact Force

Longitudingl Length of Distribution of Inpact Foree

Height of Equivdent Transverse Load

Whnimum height of a MASH TL-3 barmer (in)

Height of the conorete harn er measured from the top of the roadway surfacefoverlay (in)
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(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 46.in Heght of the concrete bamier measured from the top of the roadway surface/oved a7 (in)
Minimum_Height of Barrier Check := ["OK" if H_ = H ..

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"
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(3) LR¥D Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(3a) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., (K-ftAt)

b.:= 12in Uit Width of Wdl (n)
Mote: by 15 takeen as 1 per A4 SHTO Section 13 procedure

Avpl mid = 031 i112 Area of one parapet vertical ranforcement leg in the tension zone (in2)
Syp.mid = 12-in Sparing of parapet vertical remforcement at rdspan (in.)
AV]JIl'I.iﬂ = 'Avpl mid = 0-31-in Total Area of parapet wertical reinforment per urit length of the wall
Syp.mid at rridspan (ind)
dl:p mig = 1018 in Lorerage exdreme distance of parapet vertical remforcement in
) tension fin)
Avp mid'fy - .
a sq = ————= - 0456 in Diepth of Whitney Stress Blods (i)

mid
® 0.85-f b,

d acp amid
_ Avp.mid Ty | Yop.mid 2 Kip ft Flesurdl Resistance of the Wl sbout the Longitudinal
Mcp mid = b = 15426 £t Az at Midspan when considering only the parapet
€ vertical reinforcment spedfied in Article 41331 (e-firf)
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(3a conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., kft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 14.854 i
ca.mid = 49241 ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 22 671 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = bl fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 15426 ft at Midspan when considering the critical reinforcment
(k- /81)

B-82




= Texas A&M SUBIECT MnDOT .JBarier

= Figme 5-397.118
‘ Tra n_spa riation MASH TL-3 Canpliznce Assessment
Institute

(3b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 031 in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 09.6-in Spacing of parape vertica remforcement at jomtsfends (i)
b 2
Avp md = 'Avpl md = 0388 in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)
g g~ Spendly 0.57-in Depth of Whitney Stress Block (in.)
P 085£ b,
dcp _end = 10.18.in Ayrerage extreme distance of tension parapet verticd reinforcement at
jointsends (in)
fla B Aep.end
M : AVP endiy | epend 2 1917 kip-ft Flezural Resistance of the Wall sbout the Longitudingd
cp.end = b AR T Azis & Joints/Ends when considening only the parapet
2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.eng = 03110 jointsfends Gn2)
= 06in Sparing of deck anchorage wertical remforcement at jointsfends (.
Sva.end

]
Ala ond = { £ ]Aval ad = 0388 -in2 Totd Areaof deck anchorage vertical reinforment per wt length of the

Sva.end will at jointsiends (in2)
S Baendy 0.57.in Depth of Whitney Stress Block (in.)
: 085, b,
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SUBJECT MmDOT JBarier
Figme 5-397.118
MASH TL-3 Complismce Assessment

(3b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

dy g = 14854 .in Estreme distance of tension anchorage vericd remforcement at jointsfends (in)

’7% .end 'fy : [dca.end = - Caz-ﬂlﬂ]—‘

kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes

Mgy end = h = 28228 ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)
kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at

Mgnd = min(Mcp_md,Mca_md) - 19.172.

joinitsfends when considering the oritical reinforoment - £/

(3c) Bending Capacity of the Wall ahout the Vertical Axis: M,

dy, = 9.625 in
Ay = 08in°

h, = 48.in

Aw'fy

ay = ———— = 0204 in
085 hy

a.

M, = Aw-fy-[dw— Tw] = 37.012 kip ft

Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)

Total Area of longituding reinforcementbars acting in tension (ind)

Total heaght of the barmer (in)

Deepth of the Whitney Stress Block (in )

Flesural Resistance of the Wall ahout the Verticd Asas speafied in
ArhicleAl3.31 (k-f)
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SUBJECT. MnDOT JBarier
Figmwe 5-397.118
MASH TL-3 Canplizmnce Assessment

(3d) Determine the Ultimate Resistance of the Wall a Midspan: R,

\\'\_\ ~ f.«
\\ \ /
N /
\{| I/
\ \'\ F
\Qj L/
5
Uy N
|

Le {
P—H—
| 14
4 b |
Ll N _L..-;Jr_-.,_"_--_?._;_ A
. I[ 2, \ Fi_ "_////l
H | R \ | //" |
' -4 |
e b
- ;___i_ S \\'..'.//

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.

L {Lt]2+ [8hy (Mg + MyJ]

L. o |
cmid
2 2 Memid
2
Rmid = 18- Mg+ 8 M, +
2-Lemig ~ Ly

= 11.091 ft

Monid' (Lcrrlid)2

Mg = Okip -ft

kip -ft
Mg = 15426 ——

M, = 37.012 kip ft

Ly=dft

- 85543 kip

Height of the bamier measured from the
top of the oveday or roadway surface

fin.)
Moter Hy,= Hin Figure 3d

Mo additonal beam strength

Flex. Resistance of the Wdl about
the Long, A at Midspan (-firff)

Flex. Reststance of the W4l
dhout the Vert. Aons )

Longitudinal length of distribution
of inpact force (ft)

(Equatton 413.3.1-2)

(Equatton 413.3.1-1)
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(3¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, 4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

H. = da in Hetght of the barner measured from the top of the overlay or roadway surface (in)
Note: H,, =H in Figure 3e

Mg=0 Mo additional beam strength
M, = 37.912 kip ft Flex Resistance of the Wall ahout the Vet Asis (k-f)
Li=4-ft Longiudinal length of distnbution of immpact foree (&)
Ldp -t Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends

Meend = 19-172: sped fied in Article 4134.2 (le-fu'f)

2
L L Mg + Mw
t t B s
Lopnd = =+ (—] + hy | ———— | = 5451 ft (Equation 413.3.14)
2 2 Ml:enl:l
2 d’ d .
Rymd = | = | | Mg+ M, + s PR RBIRET | 52253 kip {Equation 413.3.1-3)
2 Leend ~ Lt hy,
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(3) LRFD Str:
Hw= 46-in
Ryymid = 55543 kip

Ry end = 52.253 kip

H, = 19in
hy,
R sroft— e = 195527 kd
Romid = Fwmid P
[He + 1t
H
R, = Rw . = 114.459 kip
R.end end
H,+t,
Fi= 71 kip

Structural Capacity_of Barrier at_Midspan Check =

SUBJECT. MnDOT .JBarier
Figire 5-397.118
MASH TL-3 Complismce Assessment

Anglvsis of the Barrier per AASHTO Section 13 Specificaions - Summan'v of Resulis:

Height of the Concrete Barner measured from
the top of the roadway suface in)

Ultimate Resistance of the wall at rridspan dap)

Utinate Resistance of the wall at the end ofthe wall orata
joint (ap)

Height of the Transverse Impact Fores, Fy(n)

Structural Capacity of the Barner at rdspan located o H, (kap)

Structural Capacity of the Barner & the end of the wall or & ajoint
located at H, (kip)

Transverse Irpact Force located & H, (lap)

"OK" if Rpgpiq=Fy

"NOT OKAY" otherwise

Structural Capacity_of Barrier at Ends Check =

Structural Capacity_of Earrier_at Midspan Check = "OK"

"OK" if Ry a2 Fy

"NOT OKAY" otherwise

Structural Capacity_of Barrier at Ends Check = "OK"
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(4) Strength Analysis ofthe Seperate End Post:

(4a) Bending Capacity of the Fnd Post sbout the L ongitudinal Axis: M.

LAY I

Fgure da. Flenral Srengh Analysis of the Bad Post about the Longitudinal dxs

Hspost = d6in Height of the end post messured from the top of the roadwayfsurface (in.)

bspust = 24in Width of the end post (in)

Bending C apacity of End Post C onsidering only the Parapet Yertical Reinforcement:
Mote: See Mgee 1 for avisual representaion of the remforcement bars.

Apl spost = 1i.n2 Area of one parapet verticd reinforcement leg in the tension zone of the end post (in2)
’ # Bars
N spost = 2 Mumber of parapet vertical reinforcement in the end post (n.)
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{4a-conti.) Bending Capacity of the End Post about the Longitudinal Axis: M, post

2 . . . .
= ; = 2.in Total Area of parapet verical remnforment in the tension zone of the end
.spost .spost “pl.spost
Ap.sp Up.spost ApLsp ot (i)
g o ety Depth of the Whitney Stress Block (in.)
P 0.85f b
Spost
d'p spost = 0.875in ALyrerage extrarne distance of tension parapet vertical reinforcement in the end post(in)
M, - A, E [d.p = M] - 01307 kip ft Flesural Caparity of the End Post shout the
SO RRAK S0 2 Longitudingl Asis when considering only the parapet

vertical reinforcment Jap-ff)

Bending Capacity of End Post Considering only the Deck Anchorage Vertical Reinforcem ent:

Hote: See Mgre § for a wisual representation of the ranforcement bars.

Al ost = 1in2 Area of one anchorage vertied reinforcement leg in the tension zone in the end post (in)

e #9 Bars

gy er of anchorage vertical reinforcement in the end post (in,
N, spost Murrher of andu 4 reinfi the end
Aa.spost = na.spost'Aal.spost = 2-in2 Total érea of da:.k anchorage verticd remfonmernt in the tension zone
of the end post (in2)
-f,
%, spost = tawostly i Depth of the Whitney Stress Block in )
085 bapost
d, spost = 14in Extreme distance of tension deck anchorage wertical renforcement in the end post (in.)
M, Ay f [da aa.spost] 132.647 Lkip ft Flesural Capacity of the End Post sbout the
= £ = bl [ 647 kip-
A e st 2 Longtudinal Az when cons denng only the decls
achorage verfical reinforcment (lap-ff)

Ms.pust = mi‘“(M'p.s‘pust i Ma.spust) = 01.397 kip ft Flezzural Resistance of the End Post about the Longitudinal

Az when considenng the cntied remforcment -G
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(4a) Bending Capacity of the End Post about the Longitudinal Axis Summary of Results:

H,=19-in Height of the Transverse npact Force Fy(in)

91397 kip ft Flemral Resistance of the End Post sboutthe Longituding

Ms.post = g A = :
Ass when considenng the critical reinforoment (-8

M
Renost = L 52227 Xip Structiral Capacity of the End Post located ot H, (kip)
PO H, +t

(1]

F, = 71 kip Transverse Impact Force located 2 H, (ap)

Distribution Length of the Impad Force (f)
Li=4ft

Structural_Capacity_of End Post Check = [

"OK"if Rs.pud:th J

"NOT OK"  otherwise

Structural Capacity_of End_Post Check = "NOT OK"
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(4b) Structura Capacity of the Fnd Post and the End of the Barrier: Ry o

bypunct

Flgure dh Flemaral Srength and Bald Lire Anabwiz afthe Bnd Poet and the Contribuding Barvier Segmert.

Note: Rqutis equal to the structural capacity of the end post plus the structural capacity of the end of the barmer considering

areduced Ly Ly,

Structural Capacity at the End of the Barrier: CRW_.PM‘)
Dote: By considers areduced Ly called Ligyg

bspust= 2.t “Width of the End Post (£
L= ft Length of the Distnbution of the Impact Force (ft)
Lt.spust - Lt - bspust - 2.t Distribution Length of the Impad Force acting at the End of the Barrier (f)
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(4b-conti.) Structural Capacity of the Fnd Post and the End of the Barrier: Ry g4

Hy, = 46.in Height of the concrete bamier measured from the top of the roadway
surfacefoverday (in)
kip - ft Fleural Resistance of the Wall shout the Longitudinal Axis & JointsEnds
M = 192172 —— : : :
cend = ~7* ft specfied in drbicle 81342 (i)
Mg=0 Mo bean addition to the barmer
M,,, = 37.912 kip ft Flemra Reastance of the barrier shout the vertical aas (Jap-f)

2
Lispost Lispost Mg + My, Length ofthe ultimate
L, o ogt = —a + T 4 by | ——— |- 39851t e
.Sp ost 2 a M resistance at the end of the
cend harrier segment (ft)
-Modified Equaion 413314
M L 2
) 2 cend “c.spost i Structurd Capacity at the end
Ropd = ﬁ | Mg + My + T = 38.199 kip of the harmer segment using
c.spost t.spost 1 located at Hi (kip)
-Modified Equaion 413.3.1-3
Structural Capacity = the end ofthe barrier segent using Lygog
=R : = 87.312 ki .
Ryr.spost end {He*' toJ P located at H, (Jap)
R, post = 52227 Xip Structural Capacity of the End Post located ot H, (kip)
RR.spost - Rw.spost - Rs.post = 139.539 kip Stu.cmral. Caparity of the end post and conributing segment of
barrier (lap)
F;= 71.kip Transverse [mpact Foree located at H, (lap)

Structural Capacity_of End Post and FEnd_of Barrier Segment Check =
"NOT OK"  otherwise

"OK" if Rg ot Fy ]

Structural Capacity of End Post and End_of Barrier Segment Check = "OK"

B-92




= Texas A&M SUBJECT. MuDOT JBarier

= Figmwe 5-397.118
‘ TIH"_S]S ortation MASH TL-3 Complismce Assessment
Institute
(5) Shear Capacity of the Barrier:
A =10 Concrete Modi ficaion Factor
T, = %in Top Width of the parapet (in.)
h, = 15in Drepth of the shear zone at the critical segment (top most portion) of the bamer (in)
d, = 8in Distance from comprezsion face to the tension remforcement (i)
Ly=4ft Length of the distnbution of the inpact force (ft.)
fo=dks Concrete parapet compressive strength (lest)
(3a) Shea acity of an Interior Segment of the Barier: V ;.
d. 2
Alint = |'(Lt + dc) : Tw—| +2| | h+ — | Ty |=846-in Concrete Parapet Shear Zone Area of an Interior Segment
| 2 of the Barier (in2)

fe . : 5 e

Vl:.i.l’lt sanms Ao E psi 'Ac.i.nt = 107.011-kip Shear Caparity of an Interior Segment of the Barrier (lap)

(3h) Shear Capacity of a End Segment of the Barrier: V., 4

d d
; C C ;o2
Ac d = [Lt + ?] Lk [hc + ?] Ty, = 639-in Concret.e P@ﬁ Shea Zone Area of an End Segment of
the Barrier (in?)
£ : N
Vemd=2H || |— | Psi|- A gpq = 80-828 kip Shear Caparity of an End Segment of the Barrier (kap)
: = i
Vo= min(Ve e, Vo o g) = 80.828 kip Critical Shear Caparity of the Barrer (kin)
Fy= 71kdp Transverse Impact Force (lap)

Shear_Capacity_of Barrier Check = |"OK" if V 2F, = "OK"

"NOT OK" otherwise
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(6) Conclusions:

Minimum_Height of Barrier Check = "OK"

Structural Capacity_of Barrier at Midspan Check = "OK"

Structural Capacity of Barrier_at Ends Check = "OK"

Structural Capacity of End Post Check = "NOT OK"

Structural Capacity of End Post and End of Barrier Segment Check = "OK"

Shear Capacity_of Barrier Check = "OK"

The J-Barrier from Figure 5-397.118 does not satisfv all MASH TL-3 Criteria
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7-Mo. 9% bars
See Abulment Sheet
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SECTION B-B
{ Reinlorcament not shown }

o 1" dia. A
e e W i e {oles in piate 38" plate
Plate ey
L sf >
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VIEW C-(

GUARDRAIL CONNE( TION DETAIL
Galvanize afier fabricalics per Spec. 3394
Estimated Weight 24 [bs.

Finish 10g of end
post 1o 18" crown.

2-Ra

_EloRd_E

Tongiludinal rail bars (Typ. )

| o0t s ko2t
(EXPANSION DEVICE NO[ SHOWN )
VERTICAL END POST

Gutter
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SECTION D-D
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SECTION E-E

SECTION F-F

)
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DEFLECTION JOINT DETAILS
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SECTION G-G
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tars thru deflection jolnt

DEFLECTION JOINT
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{WEARING COURSE NOI SHOWN )

See Rail Rustication Detail
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g
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Sea Guardrail NKame Plate Soe Deflaction Joint
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£ Defection Jeint ¢ Expansion Joint

EXPANSION JOINT
CEXPANSION OEVICE MOT SHOMN }
Expansion joint required only
if expansion device is used,
See superstructure sheets.
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2

RSO1E
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* Based on 9" edge of slab,

Construction Joint j \' Elev. of 1op of
Kough Flnish .
at gutter line

BECTION A-A

BILL o7 REWORCIBINT Foa RAILISS
SHAPE
o
-
e
L
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Sty | Ball Lou

GENERAL NOTES:

Conc. Ralling + 560 Ibs. /1.
Conc. Ralling = . 136 cu, yds. /f.

Rall and end post to be Concrete Mix No, 3X46
Guradrail connection o ba Structural Stesl, Spec. 3306

Finish il sdges of rail and snd post with L2" vee wxcept
where otherwise noled.

See supsrstruciure shest for joint specing
maximum spacing of concrele deflectivn Jolnts shell be 20' 0"

Guardrall connectlon tobe Includsd In price bid for
other Hams.

2
Rall quentities are Included |n suimary of queatities for
supsrst ructurs,

Length of ralling concrete to be measured for
paymant batwesn oulside faces of end posis.

Bars marked with the suffix "€* shall be epaxy coaled in
accordance with Spac, 3301

FIG. 5-397.121

TITLE:
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WITH DRIBGE SLAB SIDEWALL AND SEPARATE 6n0 POST

Sheet No.

of Shests |
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- MASH Complismce Assessment
Al Institute P
(1) General Information and Inputs:
1) Reference: & 4 SHTO MAZH Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.
(1a) General Inputs:
£ = 4000 psi Cotnpresaive Strength of Concrete (pst)
f}, = 60ksi Yield Strength of Concrete Reinforcng Sted, (si)
E, = 29000ksi Wodulus of Elasticity of Sted (lesi)
H,, := 42in Height of the concrete harrier measured from the top of the
roadway surfacefbverlay (in)
tyi= 2in Thickness of overlay (n)
hy,=Hg+t, Total height of the barrier (in)
x g
4
h,
H,
h.
2 t,
g 2

Overlay
Fgure 1. Shelch of Concrate WalllParapet Showing Input Wariables
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(1b) Concr ete Parapet Inpuis:

Parapet Vertical Reinforcement Thputs:
Avp Lmid = I].31i112 Areaof one parapet vertical reinforcement leg in the tension zone at midspan (in?)
Syp anid = 12in Spanng of parapet vertical reinforcement & midspan (in)
dl:]].l’l’l.iﬂ ‘= 087Ein Estreme distance of parapet vertical ranforcement i tension af midspan in)
AV]J]..EI’lﬂ - I]31i112 Areaof one parapet vertical reinforcement leg in the tension zone at jointsfends (in2)
Syp.end = 12in Spanng of pargpet vertical reinforcament a joints’ends (n)
dl:p.ml:l = 087in Estreme distance of tension parapet vertical reinforcement at jointefends (n)

L ongitudinal R einfor cement Inputs:
A= IZI.Sin2 Areaof longitudina reinforcement bars in tension (in2)
d,, = 9.125in Extreme distance of tension longitudinal ranforcement of wall (in.)
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{1b-conti,) Concrete Parapet Inputs:
Deck Anchorage Vertical Renforcement Inputs:
Lproj_RSl]ZE = 10in Projeded length of R502E reinforcement over the slab {in.)
Lwid_RSDZE = 8.5in Cuater width of R502E reinforcement (in)
Cover = 2in Cover clear distance (in.)
. 5 : ;
Ratioperop = E Inclined angle of RS02ZE reinforcement
db_RSUZE = D625in Nominal diameter of R502E ranforcement 35 bar)

: 1 :
9ca = Lwid_Rsm2E * Lproj_rsoze Ratiopsmp + Cover - 2dy psppp = 14354 In

Extreme distance of tension deck anchorage verticd reinforcement (in,)

Aol mid = I].31i112 Areaof one dede anchorage vertical reinforcement leg in the tension zone at midspan (in2)
Symmid = 12in Spadng of deck anchorage vertical ranforcement & midspan (in.)

deamid= dea= 14354 in Eztreme distance of tension deck anchorage verticd remforcement of the wall at mudspani(in.)
Aptlmd = I]31i112 Areaof one deds anchorage vertical reinforcement leg in the tension zone at joints/ends (in2)
Sya.end = 12in Spanng of deck ancharage vertical ranforcement a jomnts’ends (in)

des end = Gpg = 14354 in Extreme distance of tension deck anchorage verticd reinforcement o jointsfends (in.)
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(1c) Design Force Inputs:

Design Forces for Traffic Ralings
Test Lewl | Rail Height (in)) | F(kipy | Fukip) | Fkip) | Lv'Lo (fty | L &) He (in) | Hum (in)
TL-1 13 or above 13.5 4.5 4.5 4.0 15.0 18.0 18.0
TL-2 13 or above Z7a a0 45 4.0 18.0 20.0 18.0
TL-3 29 or ahove 7.0 13.0 45 4.0 18.0 19.0 29.0
TL-4 (a) 36 65.0 22.0 38.0 4.0 18.0 250 36.0
TL4 () |between 36 and 42 30.0 270 22.0 5.0 18.0 300 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 420
TL-5 () greaterthan 42 262.0 Ta.0 1a0.0 10.0 40.0 430 42.0
TL 6 1750 58.0 &0.0 a0 40.0 6.0 0.0
Eeferences:

®  TL-1and TL-2 Design Forces are from A ASHTO LRFD Section 13 Table 413.2-1

® TL-3Desgn Forces are from research condu cied under NCHEP Project 2007 Task 395

&  TL-4{a), TL4 (b3, TL-S (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHEP Project 22-20(2)

TLi a3

Ft:= Tlkip

Lg:= aft

He:= 1%in

he:= He+ ty
Hjn = 29in
H, =42in

Test Level

Transverse [ropact Force

Longitudinal Length of Distribution of Impact Force

Height of Equivdent Tansverse Load

Total Height of Equivdent IMpact Force (in.)

Minirum height of a WA SH TL-3 bamier (in )

Height of the concrete barrer measured from the top of the roadway surfacedoved ay (in.)
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(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 42.in Heght of the concrete bamier measured from the top of the roadway surface/oved a7 (in)
Minimum_Height of Barrier Check := ["OK" if H_ = H ..

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"
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(3) LR¥D Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(3a) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., (K-ftAt)

b.:= 12in Uit Width of Wdl (n)
Mote: by 15 takeen as 1 per A4 SHTO Section 13 procedure

Avpl mid = 031 i112 Area of one parapet vertical ranforcement leg in the tension zone (in2)
Syp.mid = 12-in Sparing of parapet vertical remforcement at rdspan (in.)
AV]JIl'I.iﬂ = 'Avpl mid = 0-31-in Total Area of parapet wertical reinforment per urit length of the wall
Syp.mid at rridspan (ind)
dl:p mig = 9875 in Lorerage exdreme distance of parapet vertical remforcement in
) tension fin)
Avp mid'fy - .
a sq = ————= - 0456 in Diepth of Whitney Stress Blods (i)

Jid -
P 0.85-f b,

d acp amid
_ Avp.mid Ty | Yop.mid 2 Kip ft Flesurdl Resistance of the Wl sbout the Longitudinal
Mcp mid = b = 14953 £t Az at Midspan when considering only the parapet
€ vertical reinforcment spedfied in Article 41331 (e-firf)
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(3a conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., kft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 14.354 i
ca.mid = 4241 ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 21.906 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = S fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 14853 ft at Midspan when considering the critical reinforcment
(k- /81)
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(3b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 0-31- in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 17 -in Spacing of parape vertica remforcement at jomtsfends (i)
b 2
Avp ad = 'Avpl md = 031in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)

g g~ Spendly 0.456 in Depth of Whitney Stress Block (in.)

ok 085£ b,
dcp.md = 0875 in Ayrerage extreme distance of tension parapet verticd reinforcement at

jointsends (in)
i la _ Aep.end

M ] AVP ey epend 2 14.053 kip-ft Flezural Resistance of the Wall sbout the Longitudingd

cp.end b = TR Azis & Joints/Ends when considening only the parapet

2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.end = 0310 Srittends 40}
Sya.end = 12-in Sparing of deck anchorage wertical remforcement at jointsfends ()
¢ 2
AL end = A1 emd= 03Lin Totd Areaof deck anchorage vertical reinforment per wat length of the
Sva.end will at jointsiends (in2)
L e Depth of Whitney Stress Block (in)
' 085, b,
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(3b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

dy g = 14354 -in Estreme distance of tension anchorage vericd remforcement at jointsfends (in)

’7% .end 'fy : [dca.end = - Caz-ﬂlﬂ]—‘

kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes

Mgy end = h = 21.896 ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)
kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at

Mgnd = min(Mcp_md,Mca_md) = 14953

joinitsfends when considering the oritical reinforoment - £/

(3c) Bending Capacity of the Wall ahout the Vertical Axis: M,

dy, = 9125 in
Ay = 08in°

h,=4.in

Aw'fy

ay = ————— = 0321 in
085 hy

a.

M, = Aw-fy-[dw— Tw] = 35.858 kip ft

Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)

Total Area of longituding reinforcementbars acting in tension (ind)

Total heaght of the barmer (in)

Deepth of the Whitney Stress Block (in )

Flesural Resistance of the Wall ahout the Verticd Asas speafied in
ArhicleAl3.31 (k-f)
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MASH TL-3 Canplizmnce Assessment

(3d) Determine the Ultimate Resistance of the Wall a Midspan: R,

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor

I pact within Wall Segment.
L, L, 2 [s-hw-(MB+ Mw):l
L'l:mid —_ _— + —— 10622
2 2 M nid
2
M. . -(L ; )
2 cmid | ~'cmid
Rygmid = |8 Mg+ 8M, + ——————
2 Lemig ~ Lyt hy

Le {
— Lt — . Height of the barrier measured from the
| Hy = 42.in top of the oveday or roadway surface
| 4, in.
| 4 | (n)
_ — —4— 1 — Moter Hy,= Hin Figure 3d
[ s B e — S
1 Nl
le ! X X "T‘ Ft "f/// |
1 H : R . \ ,/;J | Mp = Okip ft Mo additional hearn strength
) X - |
" o s ;
<y i S Nl
L T =
| M nig = 14953 Klp 1t Flex. Resistance of the Wdl about
! N | {\\ S ft the Long Asis at Midspan (kB8
\ 1 \\_ T 7
\\ "\ ; __.r'.!
A\ /
AR /
\\\J U/ M, - 35.858 kip ft Flexz Resistance of the Will
™ Y shout the Vert. Axis (k-f)
Sk o
] \ / / > L= dft Longitudinal length of distribution
| '\\ ,f / of impact force (ft)
| $ \ / f e
[ e /
| He <\:’- He
L o

(Equatton 413.3.1-2)

= 86.637 kip (Equation 413.3.1-1)
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R | otiiite

(3¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, 4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

M, = 35.858 kip ft

Height of the barner measured from the top of the overlay or roadway surface (in)

Mo additional beam strength

Flex Resistance of the Wall shout the Vert. Aoas (k-f)

Li=4-ft Longiudinal length of distnbution of immpact foree (&)
Ldp- Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
Meapng = 14.953- sperfied in Article A13.4.2 (e-ff)
L L)’ Mg+ M,
t t B 2
Loond = — + (—] + hy | ———— | = 55774t (Equation 413.3.14)
2 2 Ml:end
( :
M -L
d d .
Ryend = | Mg+ M + Aureengaeenfer ] 45485 kip (Equation 413.3.1-3)
2 Leend ~ Lt hy,
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(3) LRFD Str
HW = 42.in

Rymid = 56637 kip

Ry pnd = 45485 kip

hy, ;
R mid = mejd-[h— = 181.525 kip
e

hy
R i = med{h_ = 95.301 kip
e

F,= 71 kip

Structural Capacity_of Barrier at_Midspan Check =

SUBJECT. MnDOT .JBarier
Figire 5-397.121
MASH TL-3 Complismce Assessment

Anglvsis of the Barrier per AASHTO Section 13 Specificaions - Summan'v of Resulis:

Height of the Concrete Barner measured from
the top of the roadway suface in)

Ultimate Resistance of the wall at rridspan dap)

Utinate Resistance of the wall at the end ofthe wall orata
joint (ap)

Height of the Transverse Impact Fores, Fy(n)

Structural Capacity of the Barner at rdspan located o H, (kap)

Structural Capacity of the Barner & the end of the wall or & ajomt
located at H, (kip)

Transverse Irpact Force located & H, (lap)
"OK" if Rpniq2Fy

"NOT OKAY" otherwise

Structural Capacity_of Earrier_at Midspan Check = "OK"

Structural Capacity_of Barrier at Ends Check =

no

"NOT OKAY"

if RpenazFi

otherwise

Structural Capacity_of Barrier at Ends Check = "OK"
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(4) Strength Analysis ofthe Seperate End Post:

(4a) Bending Capacity of the Fnd Post sbout the L ongitudinal Axis: M.

LAY I

Fgure da. Flenral Srengh Analysis of the Bad Post about the Longitudinal dxs

Hspost = 42in Height of the end post messured from the top of the roadwayfsurface (in.)

bspust = 24in Width of the end post (in)

Bending C apacity of End Post C onsidering only the Parapet Yertical Reinforcement:
Mote: See Mgee 1 for avisual representaion of the remforcement bars.

Apl spost = 1i.n2 Area of one parapet verticd reinforcement leg in the tension zone of the end post (in2)
’ # Bars
N spost = 2 Mumber of parapet vertical reinforcement in the end post (n.)
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(4a-conti.) Bending Capacity of the End Post about the Longitndinal Axis: M, .o

Ap.spost i “p.spost'Apl.spost = 2-i112 Total Area of parapet verical reinforment in the tension zone of the end
post (in?)
g Spsposly 1471-in Depth of the Whitney Stress Block (in)
3 U'Ss'rc'bspost

d‘p.s,‘lust = 8.938in Lorerage extreme distance of tension parapet verfical reinforcement in the end post{in)

{ ap.spost] 82.027 kip ft Flezzural Capacity of the End Post about the
= £ - ——— | = 82.027 kip-
M]J'slws': A]J.spl:lﬂ: fy d‘p.spust 2 Longitudinal Axis when considening only the parapet

vertical reinforcment (op-ff)

Bending Capacity of End Post Considering only the Deck Anchorage Vertical Reinforcem ent:

Hote: See Mgre § for a wisual representation of the ranforcement bars.

Al ost = 1.2'}‘in2 Area of one anchorage vertied reinforcement leg in the tension zone in the end post (in)
® #10 Bars
N, spost = 2 Murrher of andiorage vertical reinforcement in the end post (n.)
Aa.spost = na.spost'Aal.spost = 2_54.1112 Total &rea of da:.k anchorage verticd remfonmernt in the tension zone
of the end post (in2)
f,

2, spost = LomosTy ) ospin Depth of the Whitney Stress Elock (in)

- 085 bapost
d, spost = 15in Extrerne distance of tension deck anchorage vertical renforcement in the end post in.)
M, Ay f [da aa.spost] 178.64 kip. ft Flesural Capacity of the End Post sbout the

= £ b ke .64 kip-
e SRS s 2 Longtudinal Asds when considenng only the deck
achorage verfical reinforcment (lap-ff)

Ms.pust 2 mi‘“(M'p.s‘pust : Ma.spust) = 82.027 kip ft Flezurd Resistance of the End Post shout the Longitudinal

Az when considenng the cntied remforcment -G
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(49) Bending Capacity of the Fnd Post ghout the 1. ongitudinal Axis Summay of R esults:

H,=19-in Height of the Transverse Impact Foree, Fy (i)

M 82.027 kip -ft Flezurd Resistance of the End Post shout the Longitudinal

s iz suhon etisineving the ciatieal rein Fageen ek le B8

M

Rspust = SBOvE 46.873 kip Structural Caparity of the End Postlocaed &t H, (kip)

F,= 71 1dp Transverse lmpact Force located at H, (kip)
Distribution Length of the Impact Force (ft)

Lt =4.ft

Structural Capacity of End Post Check = [

"OK" i Rgpoq > Fy ]

"NOT OK™ otherwise

Structural Capacity_of End Post Check = "NOT OK"
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(4b) Structura Capacity of the Fnd Post and the End of the Barrier: Ry o

bypunct

Flgure dh Flemaral Srength and Bald Lire Anabwiz afthe Bnd Poet and the Contribuding Barvier Segmert.

Note: Rqutis equal to the structural capacity of the end post plus the structural capacity of the end of the barmer considering

areduced Ly Ly,

Structural Capacity at the End of the Barrier: CRW_.PM‘)
Dote: By considers areduced Ly called Ligyg

bspust= 2.t “Width of the End Post (£
L= ft Length of the Distnbution of the Impact Force (ft)
Lt.spust - Lt - bspust - 2.t Distribution Length of the Impad Force acting at the End of the Barrier (f)
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(4b-conti.) Structural Capacity of the Fnd Post and the End of the Barrier: Ry g4

Hy, = 42.in Height of the concrete bamier measured from the top of the roadway
surfacefoverday (in)
kip - ft Fleural Resistance of the Wall shout the Longitudinal Axis & JointsEnds
Meeng = 14.953- == spedfied in Article 41342 (k)
Mg=0 Mo bean addition to the barmer
M,,, = 35.858 kip ft Flemra Reastance of the barrier shout the vertical aas (Jap-f)

2
Lispost Lispost Mg + My, Length ofthe ultimate
L, o ogt = —a + | i by | ——— |- 41201 R
.Sp ost 2 a M resistance at the end of the
cend harrier segment (ft)
-Modified Equaion 413314
M L 2
) 2 cend “c.spost . Structurd Capacity at the end
Ropd = ﬁ | Mg + My + T = 33.68 kip of the harmer segment using
c.spost t.spost 1 located at Hi (kip)
-Modified Equaion 413.3.1-3
Structural Caparity a the end ofthe barrier segent using Lygog
=R, 1| — | = 0567 ki :
Ry spost end [heJ P located at H, dap) shove road surface
R, post = 46873 kip Structural Capacity of the End Post located ot H, (kip)
RR.spost - Rw.spost - Rs.post = 117.44 kip Stu.cmral. Caparity of the end post and conributing segment of
barner {lap)
F,= 71 kip Transverse [mpact Foree located at H, (lap)

Structural Capacity_of End Post and FEnd_of Barrier Segment Check =
"NOT OK"  otherwise

"OK" if Rg ot Fy ]

Structural Capacity of End Post and End_of Barrier Segment Check = "OK"
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Concrete Modi ficat on Factor

Depth of the shear zone at the critical segment (top most portion) of the bamier (in.)
Distance from compression face to the tension reinforcernent (in.)

Length of the distnbution of the inpact force (ft)

MASH TL-3 Canplizmnce Assessment

Coticrete parap et compressive strength (kst)

A=10
Ty = 9in Top Width of the parapet (n.)
h, := 15in
d.:= 8in
Li=4ft
fo=dks
(5a) Shear acity of an Interior Segment of the Barier: V ;.

Agime = [(Le+ dg) Ty ] + 2-[[11': + %]-Tw:| - 846.in°

f
‘ c . .
Veint = 2-)\-|:[ E 'pﬂ:|'Ac.i.nt = 107.011 kip

(h)

Concrete Parapet Shear Zone Area of an Intenor Segment
of the Barrier (in?)

Shea Capacity of an Interior Segment of the Barnier (kip)

Shear Capacity of aFEnd Segment of the Barrier: V4

Concrete Parapet Shear Zone Area of an End Segment of
the Barrier (in2)

Shear Capacity of an End Segment of the Bamier (kip)

Vo= min(Vegne, Vo o g) = 80.828 kip Critical Shear C aparity of the Barrier (kip)
Fy= 71kdp Transverse Impact Foree (ap)
Shear_Capacity _of Barrier Check:= |"OK" if V .z F, ="OK"

"NOT OK" otherwise
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(6) Conclusions:

Minimum_Height of Barrier Check = "OK"

Structural Capacity_of Barrier at Midspan Check = "OK"

Structural Capacity_of Barrier at Ends Check = "OK"

Structural_Capacity_of End Post Check = "NOT OK"

Structural Capacity_of End_Post and_End of Barrier_Segment Check = "OK"

Shear_ Capacity_of Barrier Check = "OK"

The J-Barrier from Figure 5-397.121 does not satisfy all MASH T1-3 Criteria
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Name Plate (If required). Rim
of Plate to be flush with concrete.

39" See Sheet 1 for location. 16"
t=———8 periection Joint 72 9"
i See Detalls below Nem.
See Guardrail
Gonnection Detail Sl SR J0URY | Gsps. @101 3ty 9 Spaces @1'-0" = 9-0 33|, AU4SOF i:‘s(’i‘g"ion
-5 - Detail
A=
BT e i)
Vo | i i B o
B 4 &
o 2" Clnag =
T s s ; | —RSOE .
2 Near Side / Lud 7
| [ I I Fabulbi 4 o it P b
lt:lv( I::r approach ﬁ# / l.;ﬁ.l F=) Lﬁ{ =
1] 1] Il Il il 1l __“‘_i I 1| S 1
, fi fit Base Plate
2'cl [ —beran s [}~
r. | 11 ” thru stab typ.] (il
Al 311! Tz
L Barrier Ancfiorage € Expansion Joint 1P Typ.
2-No. 4 Bars No. 4 Bar € 2" Dia. Hote
END VIEW DEFLECTION JOINT EXPANSION JOINT
Check for ¢l at abutment
{( Deck nat shown 3 D) Greck BEcl e st bt Bxpansin device nat sharn. SECTION A-A
Expansion Joint required only ( See Superstructure sheets for slab details )
if expansion device s used.
INSIDE ELEVATION OF RAILING See superstructure sheets.
7
Contral Line 2-12" R
5" X ph shen Control Line Point GENERAL NOTES
with heavy hex nut Heavy hex nut, 4 a
D and lock washer 11 washer and Concrete Railing = 377 Ibs. [ f.
= [Thrd. [Thrd.| &
I ¥ approved lock washer. o :EﬂBEE =
\ Check plan for e Concrete Railing =.003 cu. yds. /.
number required. 1-1/8"" Dia. Rod s
4 Railing to be Concrete Mix No. 3X46.
S - ANCHOR ROD
= N & S Rods, plates-and guardrail connections to be structural
i 4102 12 steel as per Spec. 3306 and shall be included in price bid
RAIL RUSTICATION T 5 [—?‘:1 12" S for other items.
‘_n* &
. : A Rail quantities are included in summary of quantities
1! Standard pipe } & 1 R503E far superstruclure.
1.68 Ibs. fit Sl = = 2
D= & of 2" Diameter e Finish all edges. of rail-with 1/2" vee except where
5 Formed Hole 1-3/16" Dla. hol gtherwise noted.
DETAIL A SECTION D-D Srs
2 - PLATE WASHER Length of preeast concrete railing'ta e measured for
A al, payment betvieen outside faces of end of railing.
a8 =ale
= R ] v S
PlEkatin 112" Vee and vertical H End of rail sections shall be marked
T 6 Vee, top and edge! 1o indieate location in field,
g | gn 308" % 12" % 13" %
Plate v 12" Short rail lengths shall have a niinimum
o f two barrier anchorages.
SECTION B-B i = -
( Reinforcement nat shown ) E E SECTON Bk = 314" Thick 1-1/4" dia. e - =
" 3 2 Fill 1/2" gap with Plate / ol All railing reinforcement, and hars marked witn
35 12" 5 13" £ 1"dia. holes in plate -Joint Sealer 2 approved concrete Suffix "E ", shall be Epoxy Coaled in accordance
Plate L v - grout in this ares Iz e with Special Provisions.
F i F "( | Al precast rail sections to have an approved
" 5 X handling device.
e — SECTION F-F SECTION 6-G "l i ; | )
Z Eill this area vith Joint Sealer [ hardware is to be galvanized as per

WIEW C-C

GUARDRAIL CONNECTION DETAIL
GALVANIZE AFTER FABRICATION PER SPEC. 3394
Est Wt 23 Lbs,

ELEVATION CONCRETE J0INT

(See Special Provisions)

DEFLECTION JOINT DETAILS

(@) Pluce 1 deflection joint at € of ech pier

112"

L5

BASE PLATE

unless in expnsien joint is located there.

Revised: Sept. 12, 1980

Spec. 7392 or 3354,
FIG. 5-397.141
Approved: June 4, 1980
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= Texas A&M SUBJECT: MnDOT J-Barrier

” | = Figire 5-397.141
‘ Lrg;}fu‘ntce”anon VIASH TL-3 Complismce Assessm ent
(1) General Information and Inputs:
1y Eeference: A 4 SHTO WMASH Conditions.
2) A sgess the adequacy of the bamer based on A A SHT O LEFD Section 13 crteria.
{1a) General Inputs:

f',:= 4000 psi Cotnpressive Strength of Concrete (pst)

fy = O0ksi Yield Strength of Concrete Reinforcng Sted, (ksi)

E = 29000ks Wodulus of Elasticity of Sted (lesi)

H,, = 3Zin Height of the concrete barrier measured from the top of the

roadway surfacefverlay (in)

t_ = Oin ;

o Thickness of overlay {in)

hy = H +t, Total height of the barrier (in)

! .
. Fi
Hw
h dep
ix He he
|

Fgure 1. Shelch of Concrate WalllParapet Showing Input Wariables
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= Texas A&M SUBJECT: MnDOT J-Barrier

{1b) Concr ete Parapet Inputs:

Figire 5-397.141

TfHﬂSpO rtation MASH TL-3 Complizmce Assessmn ent

Institute

Vertical ReinforcementInputs:

_ o5
Ap1mid = 031in

Sypanid = 12in

dl:]].l’l'l.i

Avplend = 031in”

sz.EIlﬂ = 12Zin

dep.ena = $6875in

d = B.6875in

Areaof one vertical reinforcement leg in the tension zone at midspan (in2)

Spanng of vertical reinforcement at midspan (in.)

Estreme distance of vertical reinforcement in tension a mudspan {in)

Area of one vertical reinforcement leg in the tension zone a jointsiends (in2)

Spadng of vertical ranforcement atjointsfends (i

Extreme distance of tension vertical reinforcement & jointsends (n)

L ongitudinal R einfor cement Inputs:

2

A, = 08in

d, = 8.125in

Areaof longitudinal reinforcement bars in tension (n2)

Estreme distance of tension longitudingl ranforcement of wall (in )

Deck Anchorage Vertical Ranforcement Inputs:

2
Aval.mig = 10in

Stamid = 240

d = 12.5in

ca.mid"

Aplend = 1.|]in2

Sva.end = 24in

Areaof one dede anchorage vertical reinforcement leg in tension zone atmidspan (in2) (Balts)

Spadng of deck anchorage vertica ranforcement & ridspan (in) (Bolt spacing)

Extrerne distance of tension deck anchorage verticd reinforcement (in.) (Bolts)

Areaof one deds anchorage vertical reinforcement leg in tension zone at end (ind)

Spanng of deck ancharage vertical ranforcement a end (n)

Esztreme distance of tension deck anchorage verticd reinforcement (in.)
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= Texas A&M SUBIECL Figire g?ﬁﬁ? “

=) i
‘ Tra n_spo riation MASH TL-3 Complizmce Assessm ent
Institute

(1c) Design Force Inputs:

Design Forces for Tiraffic Ralings
Test Level | Rail Height @in) | R &kip) | Fqkip | Bip | Wwiogg | Iedo He (in) | Huin (in)
TL-1 13 or ahove 135 4.5 4.5 4.0 15.0 13.0 13.0
TL-2 13 or above 270 9.0 45 4.0 15.0 200 18.0
TL-3 29 or above 710 18.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 6z.0 22.0 38.0 4.0 15.0 250 36.0
TL4 () |between 36 and 42 30.0 Zra 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 42.0
TL-5 () greater than 42 262.0 750 1a0.0 10.0 40.0 43.0 42.0
TL G 1750 58.0 30.0 3.0 40.0 56.0 a0.0
Eeferences:

® TL-1and TL-2 Design Forces are from AASHTO LEFD Section 13 Table A13.2-1

® TL-3Desgn Forces are from research condu cted under NCHEP Project 2007 Task 395

o TL-4{a), TL<4 (b3, TL-S5 (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHEP Project 22-20(2)

TL:=3 Test Lewel
Fy = 7lkip Transverse Impact Force
L= 4ft Longitudingl Length of Distribution of Impact Force
H, = 1%n Height of Equivd ent Tansverse Load
hy=H o+ t, . ; : :
hy= 19in Total Height of Equivdent Transverse Load (in.)
Hppjn := 2%in Minttrm heght of a MASH TL-3 barner (in)
H, = 32.in Height of the conorete barn er measured fromthe top of the roadway surface/ioverlay (in)
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P
mnspaﬂatlon - .

7 MASHTL-3C lizmice A ent
‘ Institute omplismce Assessm

(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 32.in Heght of the concrete bamier measured from the top of the roadway surface/oved a7 (in)
Minimum_Height of Barrier Check := ["OK" if H_ = H ..

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"
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= Texas A&M SUBJECT. MnDOT J Barrier

4N Transportation Figre 5397.141
i MASH TL-3 Complimnce A ent
‘ Institute omplismce Assessm

(3) LR¥D Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(3a) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, .; (K-ftAt)

b= 12in Unit Width of Wl (in)
Mote: b is taleen as 18 per A4 SHTO Section 13 procedure

Avpl mid = 031 in2 Areaof one vertical reinforcement leg in the tension zone (in2)
Sypmid = 12.in Spacing of verticd remforcement at midspan (in)
b 2
Avp i = 'Avpl mig = 0-31-in Total Areaof vertical ranforment per unit length of the wall o
Syp.mid midspan (n2)
dl:p mid = 3088 in Arerage extreme distance of parapet vertica reinforcement in
i tension in.)
Avp mid'fy . .
a e 0.456.in Depth of Whitney Stress Blodk (in)

cp.mid
0.85-f b,

ol d P a':P_-mid Flezurd Fesistance of the Wall about the Longitudinal Aes
] AVP — fy cpamid 7 kip ft & Midspan when considenng the cnticd remnforcment
Mep mid = - = B2== specifiedin Aride A13.3.1 ()

C
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= Texas A&M SUBJIECT. MnDOT JBarrier

Transportation Figire 5-397.141
i MASH Compliance A ent
‘ Institute ompliance Assessm

(3a-conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., (K-ft/ft)

Aval.mid -~ j_n2 Areaof one vertical reinforcement leg in the tension zone (in2)
Sramid = 24In Spacing of vertcd remforcement at midspan (in)
h 2 . . .
A mid = A1 miq = 0.5 in Total Areaof vertical ranforment per unit length of the wall at
Sya.mid midspan (in)

d ;2= 12.5.in Ayrerage extrerne distance of parapet vertical reinforcement in
ca.mid ;
tenision (i)
fy holt = 0ksi Yield stress of bolt (ASTM A307 is assutned)

fa = min(f . po) - 36ksi

g
A, mid = % = 0.441-in Depth of Whithey Stress Blodk (in)
h cc
Rl L camid Flessurd Resistance of the Wall shout the Longitudinal Asis
_ -mid tl'a ca.mid 2 kip-ft  a Midspan when considenng the criticd remforcment
Mgy mid = : = BAY= 7 specifiedin Aride A13.3.1 ()
[
. . . ft Flezurd Fesistance of the Wall about the Longitudinal Aes
Mpyjg -= min (Mcp.mid’ Mca.mid) = 13.112 - kip E a Midspan when considenng the cnticd remforcment

{le-fft)
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= Texas A&M SUBIECT MnDOT JBarier

. Figire 5-397.141
‘ Tra nspo rtation MASH Compliance Assessment
Institute

(3b) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Fnds M, 4

b.=12-in Unit Width of Wdl (in)
Avpl end = 031 inZ Areaof one vertical ranforeement leg in the tension zone & jointsfends (in2)
Syp.end = 12.in Spacing of verticd reinforcement at jointsfends (in.)
bl: 2 3 y . o
Avp = 'Avpl md = D031in Total Area of vertical reinforment per unit length of the wall at joints/ends (n2)
svp.md
a d= ————=0456-in Diepth of Whitney Stress Blods (i)
A 085£ b,
dcp .md = 3088 in Hrrerage extreme distance of tension verticd reinforcernent at jointsfends (in)
Aep.end : o
Avp .enl:l'fy' dcp_emj = 2 Kinft Flexzural Resistance of the Wl shout the Longitudinal
My end = - 13112 D Atz at jomnts/ends when considenng the cnticd
e b, ft reinforcment specified in Article 413,31 (k-
Alend=1 _in2 Areaof one deck anchorage verti cal rinforcement leg in tension zone at i dspan (in2)
= 24.in Spacing of deck anchorage vericd remforcement at midspan {in
Sva.end
bl: 2 . : 3
Ao ond = Al md = 05in Total area of deck anchorage vericd remforcement per unit length of the wall &
Sva.end tidzpan(ind)
Ay g = 125in Extreme distance of tension dedk anchorage vertical reinforcement (in.)
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= Jexas A&M SUBJECT. MnDOT J-Barier

= HFgme 5-397.141
‘ Lrg ;}?{?{%ﬂﬂﬂ on MASH Complismce Assessment

(3b) Bending Capacity of the Wall about the Longitudina Axis af JointsFnds M., 4

(Am.md'fya)

ca.end =
0851 b,

2ca.end
Avaend 'fya' 9eaend ~ 5

a = 0.441 -in

ft
M i = 18.419 kip —
ca.end b, p ft
) . i
Meend = m(Mcp.md’Mca.md) = B'llz'klp'E
(3c) Bending Capacity of the Wall about the Vertical Axis: M,
d, = 8.125in Loverage extreme distance of tension longitudina ranfarcement of wall (in)
- u_g.inz Total Area of longituding reinforcementbars aching i tension (1n2)
h, = 32.in Total heght of the barrer (n.)
Ay f : ;
P L L IR, VO B Deepth of the Whitmey Stress Block (in )
¥ o085f h,
[ aw] Flezural Rest f the Wall ahout th 1cd A ified 1
= s - — | = 31.618 kip-ft Resistance of the W out the Vericd Az speafiedin
V= Sarly | T 2 Artide £13.3.1 (k-f)
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== Texas A&GM

4 Transportation
Al |nstitute

SUBJECT MnDOT JBarier

(3d) Determine the Ultimaie Resistance of the Wall a Midspamn: R, 4

Le i
!-— Li - —
| -...<]
. - N0
TN =
. | > \ | P - |
o, % \“I J./.r
‘ ‘ n \‘_-\\\:\ \| ,j / |
AP
1 l___ ol o i
< > ™ 1
\\__‘\._ 1 _x"
‘\'\_ ,;"’
\'-\"\ 2 ff
\‘\_ & / /
\\ 1| /
\\\\* W/

Figre 32 Yeld Line Analysis of Concrate Parapet Walls fr

I pactwithin Wall Segment,

L [_] [8 1y (M5 1]
BRI W Mmid

2

mejd = |£—zLunid ~ Lt] -[S-MB + S-M,.,-r +

= 0.446 ft

Mpiq (L

H, =32in
Mpg = Okip ft

Lip ft
Mg = 13112 ——

M, = 31.618 kip ft

)2
id
o || - oz803.14p

Hame 5-397.141
MASH Compliance Assessment

Height of the bamier measured from the
top of the oved ay or roadway surface

(in)
Mate: Hy, = Hin Figure 3d

No additonal beam strength

Flexz. Resistance of the Wl about
the Long, Asas af Midspan - i)

Flex. Resistance of the Wl
dhout the Vert. Ass (k-f)

Longitudinal length of distrbution
of impact force (ft)

(Equation &13.3.1-2)

(Equation 413.3.1-1)
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= Texas A&M
4 Transportation

A [nstitute

SUBJECT. MnDOT .JBarier

Figme 5-397.141
MASH Compliance Assessmernt

(3¢) Determine the Ultimate Resistamce of the Wall &t JointsEnds: R, .4

Figure 3o Reld Line Analsis of Concrae Parapet Walls £ir Inpac near Bnd of Wall Segment

H,, = 32-in Heaght of the barner measwred from the top of the overlay or rmoadweay surface (in)
Note: Hy =H 1n Figure 3e
Mg=0 Mo additional beam strength
M,, = 31.618 - kip -ft Flex Resistance of the Wall shout the Vert. Asas (k-f)
Li=4-ft Longitudinal length of distnbution of immpact foree (8t
Ikdp -ft Flezural Resistance of the Wdl about the Longitudinal & s at JointsEnds
Meepg = 13.112- spedfied in Article 41342 (k-firfh)

2
Ly Ly MB+ M,
L -5+ l5 +hy = 523 ft

2 ( ik ]
R'Wﬂ'ld (= | — | MB + M“r + CEI’I = 51.42_91{_113
2L, L

end ~

{Equation 413.3.1-4)

(Equation 413.3.1-3)
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= Texas A&GM

Transportation
Al |nstitute

(3) LRFD Str

H_ = 52in
Rymiq = 92893 kip

Ry end = 51429 kip

hy ,
Rt i e mejd-[h— - 156.451 kip
1]

hy :
RR.ed = med'[h_ = 86.617 kip
e

F,= 71 kip

Structural Capacity_of Barrier at Midspan Check =

SUBJECT. MmDOT .J Barier
Figme 5-397.141
MASH Compliance Assessment

Analvsis of the Barrier per AASHTO Section 13 Specifications - Stnnimany of Resulis:

Height of the Conerete Barner measwred from
the top of the roadway surface (in)

Ultimate Resistance of the wall at midspan ddp)

Ultumate Resistance of the wall at the end of the wall or ata
joint (dip)

Height of the Transverse Impact Force, Fy(n)

Structura Capartty of the Barner af midepan located ot H, (lap)

Structural Capacity of the Barnier a the end of the wall or & ajoint
located at H, (ap)

Transverse Impact Force located at H, (kip)

"OK" if Rppiq=Fy

"NOT OKAY"  otherwise

Structural Capacity_of Barrier at Ends Check =

Structural Capacity_of Barrier_at Midspan Check = "OK"

"OK' if Rg a2 Fy

"NOT OKAY" otherwise

Structural Capacity _of Barrier at Ends Check = "OK"
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= Jexas A&M SUBJECT: MnDOT J Barrier

T . Figmre 5-397.141
‘ E’ggﬁ%ﬂatmn MASH Compliance Assessment
(4) Stren gth Analysis ofthe Integral End Post:
(4a) Bending Capacity of the End Post and Conjoining Barier Segment about the I Axis: 1\/1‘:_-1305t

b, = 12.in Uit WAdth of Wall (in.)

Bending C apacity of End Post and Conjoining Barrier Segm ent C onsidering only the Parapet Vertical Remf.:
Mote: See Agwe I for avisual representaion of the remforcement bars.

Ay ipost = I].3].in2 Lyverage areaof one vertical ranforcement leg in the tension zone & the end
post and corgoining barrier segment (in<)

Syipost = 8 68 75in Ayverage sparing of verfical ranforcement atthe end post and conjoining
hamier segment (in.) (7 bars over 4 feef)

]
Av.ip ast = 'Avl.ip ost = 0428 -in2 Totdl Ar.ea. D.fVEIﬁCE.I]. reinﬁ:rmmF per unit length of the wall & the end post
Syipost and conjoining bartier segmert (ind)
. Svipesty oo i Depth of Whitniey Stress Block (in)
0851, b,
dc.ip ost = 8-6875in Liverage edreme distance of tension parape verticd remnforcernent at the

end post and comoining bamer segment {in.)

Koy £ ld. _ 2 cipost Flemral Resistance of the end post and conjoining
Apost 7y | “cdpost 2 kip ft harrier segment shout the Longitadinal Az when
II\'rll:.ip ost = b = 17.025. ft considenng the cnticd remforcment spedfied in

c Article A13.3.1 (1)
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= Texas AGM SUBJECT MnDOT JBarier

- Hame 5-397.141
‘ Tfﬂ"_Sp ortation MASH Complimnce Assessment
Institute
(4b) Bending Capacity of the Fnd Post and Conjoining BaTier Segment ab out the Vert. Axis: IVIW_-PN
Awl.ip L IZI.Zirl2 Area of one longitudinal reinforcement bar in tension (in2)
By ipost = 4 Nutnber of longtudinal reinforcement bars ading in tension
AL ipost = Al ipost Mw ipost = |:|_8.i_n2 Total Area of longitudingl reinforcement bars acting in tension (in2)
h, = 32.in Total height of the barier (in.)
Ay inost = m = 0.441 in Depth of the Whitney Stress Block (in.)
WARL 0.85-f h,
dw.ip st = 8:125in Arerage extremne distance of tension longidinal

reinforcement ()

aW.ipDSt] _ o

i = i £ i - ——=—— | = 31618 kip ft Flestural Resistance of the end post and corgoining

Mw.lpust Aw.llmst ¥ [d“'-lpﬂﬁ 2 barrier segment about the Vertical A5 spedfiedin
Artice 41331 (e )
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= Texas A&M

4N Transportation
A |nstitute

(4c) Determine the Ultim:aie Resistamce of the Fnd Post and Conjoining Barrier Se

SUBJECT MnDOT . J-Barier
Hame 5-397.141
MASH Compliance Assessment

ent: Ry ipost

Figwre de. Rdd Line Analysis ofthe Brd Post and Congoirang Barvie Segna.

kip ft

2 M

2
L M,
) t t ipost
Lc.ipost = ? # (_] + h {_J = 405 ft

c.ipost

Flezxzural Resistance of the end post and conjotring barmer segment about the
Longitudind Ass specified in Article 41342 (k-ftrft)

Dustnbution Length of the Impact Force (ft)

Totdl Height of the Barier (in)

(Equaion 413.3.1-4)

2
(Mc.ipust']“c.ipost )

hy

= 66.552 kip

]' My ipost +

t

(Equation 413.3.1-3)
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= Texas A&M SUBIECT. MnDOT J-Barier

= Figme 5-397.141
Transportation
= MASH Compliance Assessmert
Al [nstitute P
() Structur Al Capacity of the End Post smd Conjoining Segment of Barier - Summary of Results:
hw - 32.in Total Height of the bamier messured from the top of the
roadway surfacefverlay (in)
Ry ipost = 66.552 kip Ultimate Resistance of the end post and coryoining barrer segment (kip)
h,=10-in Total Height of the Transverse Inpact Fores
Filin)
R inost = R inost E = 112.088 kip Structural Capacity of the end post and conjoining barrier
P P hy segmert [ncaed at b, (kip)
Ft = 71.kip Transverse Irpact Force located o H, (lap)

Structural_Capacity of End Post and Conjoining Barrier Segment Check = [

FOKT A RR jpose = Fy J

"NOT OKAY" otherwise

Structural Capacity_of End_Post_and_Conjoining Barrier Segment Check = "OK"
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= Texas A&M SUBJECT MnDOT J-Barier

4 Transportation Figire 5-397.141
i MASH Complisnce As t
A Institute omplizmce Assessmen

(5) Shear Capacity of the Barrier:

=10 Concrete Modificaton Factor

T, = %in Top Width of the parapet in.)

hg = 15in Depth of the shear zone at the critical segment (top most portion) of the bamier {in.)
d. = 6.0in Dustance from compression face to the tension remforcement (in )

Ly=d4ft Length of the distribution of the impact force (ft)

fo=dksi Concrete parapet compressive strength (st

(3a) Shear acity of an Interior Segment of the Barier: V ;.

d
Blniis I:(Lt + dc) ; T“’:I + 2.|Ihc ik ?c] | Tw:| - 81I]-i112 Concrete P.arap.et Shear Zone Area of an Interior Segment
of the Barier (in2)

r
Veint = 2-)\-|:[ ‘p_:l -psi:|-AC_i_nt = 102.458 kip Shear Capacity of an Interior Segment of the Barrier (kap)

(5h) Shear Capacity of am End Segment of the Barrier: V4

de d; 2
A md= [Lt + ?] gk [hc + ?] -T,, = 621-in Conmt§ P@ﬁ Shear Zone Area of an End Segment of
the Barier (in2)
£ : o
Vemd= M — |'psi| A, gpq = 78551 kip Shear Capacity of an End Segment of the Bamer (lap)
; . i
V= mj'“(vl:.int’ vl:.end) = 551 kp Critical Shear Caparity of the Barrier (kip)
F; = 71 kip Transverse Impact Force (lap)

Shear_Capacity_of Barrier Cherk = |"OK" if V_ 2 F, = "OK"

"NOT OK'" otherwise
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- Texas A&M SUBJECT MnDOT JBarier

Transportation FignreS397.141
i MASH TL-3 Complismce As t
‘ Institute omplizce Assessmen

(6) Conclusions:

Minimmum_Height of Barrier Check = "OK"

Structural_Capacity_of Barrier_at_Midspan Check = "OK"

Structural Capacity_of Barrier_at EFnds Check = "OK"

Structural_Capacity_of End Post and_Conjoining Barrier Segment Check = "OK"

Shear Capacity_of Barrier Check = "OK"

The J-Barrier from Figure 5-397.141 does satisfy all MASH TL-3 Criteria
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APPENDIX B7: ) BARRIER ON BRIDGE NO. 62828 (FIGURE 5-397-156 MODIFIED)
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PIPE END POST _-1

SUSPENDED POST
2" DIA. STDR. PPt —

1=1/4" nom. g1a.
/stn. Pive brace
/

1/4" x 3/4" stretcher bor, Spec. 3306 (Tension bands
@1 0° centers wiih 3/8° dia. carriage dolis)

- Internediate
Post

TYP. SECTION ON TIP OF , TYR. SECTION ON

Galvanized 7 gage coil
spring steel tension wire
(Ties@1'¢" mcim7

ABUT. WINGWALL | BRIDGE DLCK
8' 0" max. spacing ilyp.

l See Pipe Sleeve Detail

SEE DETAIL "¢~ i
I L) | _ Jnction "2
arF dunction } - See Deflection Joint by pff 1-114" nom. dia. standard pipe £ =
DETAIL * D" s - 4 Details below ai expansion joint only, ] ud CI-
/—SEF DETAIL '3‘ / Junction "Z" at each end. P -
JTO3E P 3 \ S :
= — Tt = i ~f
5 3 - I = gy 4 £
3| I b | ° ~JTBE S1e
o 1:, “" R i L = Ne v Clrl - JSOIE o g.
/ 2 I L I 5 N\ E
1 [RE [ HIII H-J MIN. LAP N { 7 \5
2 . A=l . 2-as08€ ok | | Anction *x- LIGHT STANDARD M,,,,,m e Tlev. of top
ABUT, DWL. JTO4E € T o1 WINGWALL 3f railvars yp.) | 5'2] i ;wdl sllli! of See Standard Bridge Deail RoUgh Finish of -sLﬁB
L cosn . Asu | thru defiection joint e Shek v g acrirape SECTION A-A
See Rail Rustication Deail | P d40E _j_ ! aa—j-m: ogﬂ and conauit system datails. utter ||ne
g ina. - -JdH2E i ']
. ABUT. WL | See sneet 1 for location. fu,gg-s;”ﬁm L0 b, Speceg. , LB Tovc. BARS BILL OF REINFORCEMENT FOR RAILING|
+-0” - LENGTH | SHAPE LOCA
0 hEn =% Defiection oint éw»_”*h‘p'“"“”““‘ LT I"ri;vmicT:IION
—— 2-J904E OR B tea i
DEFLECTION JOINT EXPANSION JOINT R e O S S T i1
(D See guardrail connection detail CEXPANSION DEVICE NOT Swowm) GOINT - Js 5 L VERT.
Fence Post 114" nom, dia, %mﬂwmwv& - INSIDE ELEVATION OF RAILING _Sooe & joUSOE & vsoZE T S VERT.
‘standard pi " Minimum, 10" Maximum Radius £ - JlLE i
pive INTEGRAL END POST e B L Cofee
4 JA0BE] 4 23" ISTRT.JRAIL__(ONG.
e BiLL OF REINFORCEMENT JA0%E, 4 2& -7 STRT|RAIL _LONG.
R = = FOR RAILING JAIOE! 8 ! 1i'-8" [STR'T.RAWL  LONG.
i " max, 3' 0 wide Chain Link Fabric aar [ No. [enatu [suare [ LocaTion Conc. Railing - 0.193Cu. Yds. per L. and 440lts. per 1L
5/8" dla. —e=s b, aton Knuckle selvage 10p & bartom 7 18- 107|STR LONG. GENERAL NOTES
Bolts. Place 2way Clamp g JFi2E 2% [(6-&"|5TR LoNG. wge 4
nuts and Cap post engs (1yp.) 1o Vertical Post |y — 8 132" sTR LONG Bars marked with the suffix *'E * shall be epaxy caatec in accordance
lockwashers PLAN VIEW Pi _ = with Spec. 3301
bl ipe brace at ends only —~ 1 ] |
e 1 H H Finish all adocs of rail with 12" vee excest where dherwise noted,

Inter mediate Pasis:

3,65 Ihs. per £t
RAIL 10° 0" max, spacing
RUSTICATION End Posts: y
212" nom, dia, standard pipe
5.79 s, per ft.
o 2:WAY CLAMP Tep ang battom ail:
JUNCTION "X" BENDING TABLE 1-11¢" nom, dia, standard
— Grate of fence | . pipe. 2.27 lbs. per ft.

Thﬁy Clamg. Bend as
irmn for Junctien "X",

[T E
T 4“
6910100 | 89

i .
38 dio. Botes b e
¥lace nuts and
tncbazchars. an
outside.

JUNCTION "Y" 4 = The quard rail connection is included in the price bid for other items.
2 Ll SR 5 3 oo ~
3/8':;&. h"‘y‘:ng A16° x 1-1/4" End Clom ke LF ‘ meas, Maximum spxlfa?duﬁeamt joints shall be 20° 0"
fut and lockwasher on rence post | SECTION B-8 The length of railing Concrete is to be measured for payment
outside. Yo (Reinforcement net shown} H ) between the outside faces of raiting.
i ,J_ 7 ¢ of rence oost anchorage snall be a minimm of 6° from Jaints.
: IBIX 12K 1O "N in] :
3 Plate '
Rall End Casting or equal
Gage Wire Fabric Ti ‘“r B
t 378" gia. tarriaoe Boit —= n"m::u:’g:wlr:g I L»-"‘" | nsife AS Buill MODIFIED
JUNCTION “Z° ; ) T oD, B
T i - JS02E g FiG. 5-397.15§
3§ 3| = w | ¥ 7.1
i o TITLE:
GUARDRAIL CONNECTION DETAIL oy 2315l legl - Bridge No.
timated Weight = 21 Ibs. npn JEOIE, JGO4E
inalod Welg DETAIL "A e usosE J703E Integral End Past - No Sidewalk - w! Wearing Course ISheqt No.32 of 47 Sheets 62828

F"" —=— 1" Standard Pipe
1.68 Ips, 1 %,

2" nom, dia. standard pipe g

“4

&uz

TYPICAL SECTION THRU FENCE
(Intermediate Post Shown )

-4 S!inm;dPlpeﬁ , I

2-172" dia, end post, 1-1M" dia. pipe brace &
fence post ancnorage required on each cide
of all light standards & expansion joints.
See end post and anchorage details,

&

314" 8ia, S1andara pi
sleeve. 20" long ﬂw.l

1]

$/8” d1a. (arriage BOITS

PIPE SLEEVE DETAIL
For 4" maximum bridge expansion

1" Cork or
G mwroves 1124 Vee, top & vertical edges
equal
E. g SECTION €€ 1
I 3 1.'2" vee
i’i - ¥ SECTION G-G
ELEVATION SECTION E-8 SEE CONCRETE € FENCE

DEFLECTION JOINT DETAILS

RAILING (TYPE F)

SHEET

ue

Fence post anchorage: shall be Type 8.
Sec Standard Detail BI0S "Fence Post Anchorage®
Al panls shall have @ means o securely hold the Lop lension
wire in position and allow for the removal and replacement of a post.
without damaging the top wire.
Wire ties may be 9gage galvanized steel or 0. 179" minimum aluminum
alloy conforming to ASTM BZ11. Alloy 1100~H18. Use 12-1/2 gage
galvanized hog rings for tension wire ties.
End Post bracing is not to exceed 500 . maximum interval,
Concrete in the rail base sha!l be Mix No. 3xd6
A1l material in the concrete base is inciuded o the
superstructure quantities.
For spacing of fence pasts, joints and electrical grounds. see
Superstructure sheets,
Fence posts & anchorages shall be set vertical, unless otherwise nated.
Sec speciai provisions for requiresents not included on
this sheet and for basic of paysent.
Guargrail conpection shall te Strwtura} Sleel Soec. 3306

ror Tnar
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SUBJECT: MnDOT J Barrier on

= Texas A&M Figire 5-397.156 Modified

- portati
‘ Tfﬂﬂ_S rtation VASH TL-3 Complizmce Assessm ent
Institute
(1) General Information and Inputs:
1) Reference: & 4 SHTO MAZH Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.
(1a) General Inputs:
' = 4000 psi Corrpressive Strength of Concrete (pst)
f}, = 60ksi Yield Strength of Concrete Reinforcng Sted, (si)
E; = 20000ks Wodulus of Elasticity of Sted (lesi)
H, := 3Zin Height of the concrete harrier measured from the top of the
roadway surfacefbverlay (in)
t, = Zin Thickness of overlay (n)
hy, = Hy + tg Total height of the barrier (in)

Overlay

Figure I Shetch af Concrate WalliParapet Showing Iyt Wriahles
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- Texas A&M SUBJECT. MnDOT J-Barier on

= Figme 5 397.156 Modified
4 Transportation S e e
= omplismce Assessmn ent
Al Institute
(1b) Concr ete Parapet Inpuis:

Parapet Vertical Reinforcement Thputs:
Avp Lmid = I].31i112 Areaof one parapet vertical reinforcement leg in the tension zone at midspan (ind)
Syp mid = 12in Spadng of parspet vertical reinforcement a midspan (in)
dl:p mid = 9in Extreme distance of parapet vertical reinforcement m tension at midspan (in)
Avpl.end L I]31ir12 Areaof one parapet vertical reinforcement leg in the tension zone at jointsfends (in2)
Syp.end = 0.6in Spadng of parapet vertica reinforcement o jomts’ends in)
dl:p.md = Din Extrerne distance of tension parapet vertical reinforcement at joints/ends (n)

L ongitudinal R einforcement Tnputs:
A= |:|_8in2 Areaof longitudina reinforcement bars in tension (in?)
d, = 8in Extreme distance of tension longitudinal ranforcement of wall (in.)
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= Texas A&M SUBTECT MnDOT J-Barrier on

” | = HFgme 5-397.156 Modified
‘ Tra ﬂ_SpO riation MASH TL-3 Complizmce Assessm ent
Institute
{1b-conti,) Concrete Parapet Inputs:
Deck Anchorage Vertical Renforcement Inputs:
Lproj_JSUZE = 10in Projected length of J502E reinforcermnent over the slab (in)
Lwid_JSl]ZE ‘= TSin Outer width of T502E reinforcement (in.)
Cover ;= 2in Cover clear distance (in.)
5 : ;
Rati i Inclined angle of R502E reinforcement
CBME " T, 2l
db_.]SDZE = 0.625in Nominal distreter of J502E reinforcernent (#5 bar)

: 1 :
dca = Lywid_3s02E + Lproj_asnzp Ratlogsmp + Cover = 2dy, jsgpp = 13354-in

Extreme distance of tension deck anchorage verticd reinforcement (in,)

Aval.mid = |:|,3,1i_n2 Area of one deds andhorage vertical reinforcement leg in the tension zone at midspan @nz)
Seamid = 12in Spadng of deck anchorage vertical reinforcement & midspan (in.)

Aen mid= dpp= 13354-in Extreme distance of tension deck anchorage verticd remnforcement of the wall at midspaniing)
Aptlmd = I]31i112 Areaof one deds anchorage vertical reinforcement leg in the tension zone at joints/ends (in2)
Sya.end = 9.6in Spadng of deck anchorage vertical ranforcement o j ointsfends (n.)

des end = Gpg = 13354 in Extreme distance of tension deck anchorage vericd renforcement at jointsfends (in.)
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Institute

(1c) Design Force Inputs:

SUBJECT. MnDOT J Barrier on

Figire 5-397.156 Modified
MASH TL-3 Complizmce Assessm ent

Design Forces for Traffic Ralings
Test Lewel | Rail Height in) | R &ip | B qip | Radp | wieg | L@ He (in) | Hum (in)
TL-1 15 or ahove 13.5 45 45 4.0 15.0 158.0 18.0
TL-2 15 or ahove 270 an 45 4.0 18.0 200 18.0
TL-3 29 or above 710 15.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 63.0 22.0 35.0 4.0 15.0 250 36.0
TL4 () [between 36 and 42 30,0 27.0 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 420
TL-5 () greater than 42 262.0 75.0 160.0 10.0 40.0 430 420
TL G 1750 58.0 30.0 3.0 40.0 56.0 an.0
Eeferences:

o  TL-1and TL-2 Design Forces are from AASHTO LEFD Section 153 Table A13.2-1

& TL-3Desgn Forces are from research condu cted under CHEP Project 2007 Task 395
o  TL-4(a), TL4 (b), TL-5 (&), and TL-5 (b) Design Forces are from research conducted under

NCHRP Project 22-20(2)

TL:= 3

Fy = 7lkip

= 4ft

He = 1%in

Hppin = 29in

H,=32in

Test Lewvel

Transverse Itmpact Force

Longitudinal Length of Distribution of Inpact Foree

Height of Equivdent Transverse Load

Wlhnimum height of a MASH TL-3 barmer (in)

Height of the conarete barn er measured fromthe top of the roadway surfacefoverlay (in)

B-140




~ SUBTECT: MnDOT J-BaTier on
/‘- ]-,-r-%xna S‘i)gﬂgiﬂ n Figire 5-397.156 Modified
7 MASHTL-3C lismce A ent

‘ Institute amplizmce Assessm

(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 32.in Heght of the concrete bamier measured from the top of the roadway surface/oved a7 (in)
Minimum_Height of Barrier Check := ["OK" if H_ = H ..

"NOT OK"  otherwise

Minimum_Height of Barrier Check = "OK"
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= Texas A&M SUBJECT. MnDOT J-Barier on

4 Transportation Figre 5-397.156 Modified
i MASH TL-3 Complimce A ent
‘ Institute omplismce Assessm

(3) LR¥D Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(3a) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., (K-ftAt)

bh.:= 12in Uit Width of Wdl (n)

c ; y

Mote: by 15 takeen as 1 per A4 SHTO Section 13 procedure
Avpl mid = 0_31.1112 Area of one parapet vertical ranforcement leg in the tension zone (in2)
Syp.mid = 12-in Sparing of parapet vertical remforcement at rdspan (in.)
AV]JIl'I.iﬂ - 'Avpl mid = 031 in Total Area of parapet wertical reinforment per urit length of the wall
-mi at rridspan i
Syp.mid il
dl:p mid = 0.in Lorerage exdreme distance of parapet vertical remforcement in
! tension iin.)
Avp.mid Ty . _

a id = —— - 0456 in Depth of Whitney Stress Blodk (in)

PeT pgs. b,

d a|:1J.rnil:l
_ Avp.mid Ty | Yop.mid 2 Kip ft Flesurdl Resistance of the Wl sbout the Longitudinal
Mcp mid = b = 13597 £t Az at Midspan when considering only the parapet
€ vertical reinforcment spedfied in Article 41331 (e-firf)
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= Texas A&M SUBJECT. MnDOT .J-Barier on

Tran spaﬂaﬁon Figre 5-397.156 Modified
- .
7 MAS[-I C
’nS tritute ompliance Assessment

(3a conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., kft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 13354 i
ca.mid = +-0°% 1 ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 20,346 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = S fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 13307 ft at Midspan when considering the critical reinforcment
(k- /81)
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Al Institute gl s Ssscammen

(3b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 031 in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 09.6-in Spacing of parape vertica remforcement at jomtsfends (i)
b 2
Avp md = 'Avpl md = 0388 in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)
g g~ Spendly 0.57-in Depth of Whitney Stress Block (in.)
P- D85 b,
dcp nd = 2in Ayrerage extreme distance of tension parapet vertical reinforcement at
jointsends (in)
fla B Aep.end
M : AVP endiy | epend 2 16.885 kip-ft Flezural Resistance of the Wall sbout the Longitudingd
cp.end = b = T Azis & Joints/Ends when considening only the parapet
2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.eng = 03110 jointsfends Gn2)
Sya.end = 9-6/in Sparing of deck anchorage wertical remforcement at jointsfends ()

]
Ala ond = { £ ]Aval ad = 0388 -in2 Totd Areaof deck anchorage vertical reinforment per wt length of the

Sva.end will at jointsiends (in2)
S Baendy 0.57.in Depth of Whitney Stress Block (in.)
: 085, b,
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4 Transportation Figime 5 397.156 Modified
‘ Institute MASH Compliamce Assessment

(3b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

dy g = 13354 -in Estreme distance of tension anchorage vericd remforcement at jointsfends (in)
a5 2 a.end
) Ava.end Ty'| dea.end 2 kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes
Mgy end = h =253 ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)
kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at

Meend = mjn(Mcp.md > Mca.md) = 16.385 joinitsfends when considering the oritical reinforoment - £/

(3c) Bending Capacity of the Wall ahout the Vertical Axis: M,

dy, = 8 in Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)
A= u_g.inz Total Area of longituding reinforcementbars acting in tension (ind)
hy, = 34-in Total heaght of the barmer (in)
Aw'fy : 2 ;
a_ = ————=0415in Deepth of the Whitney Stress Block (in )
¥o08sr b,
aw] ; : : P

- F - — | = 3117 kip ft Flesural Resistance of the Wall ahout the Verticd Asas specified in

M= Ay {dw 2 ArticdeA13.31 (k)
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SUBJECT. MnDOT J.Barrieron

(3d) Determine the Ultimate Resistance of the Wall a Midspan: R,

\\'\_\ ~ f.«
\\ \ /
N /
\{| I/
\ \'\ F
\Qj L/
5
Uy N
|

Le {
P—H—
| 14
o = Y
O ==
! o \"‘f_F: "_////l
& H | Ry \ | /;" |
' -4 |
e b
il 1 W

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.

2 Mermid

‘Lemid ~ Dt

]- 8 Mg+ 8-M, +

Monid' (Lcrrlid)2

H, = 32.in

Mg = Okip -ft

kip -ft
Mg = 13597 ——

M, = 3117 kip ft

Ly=dft

- 94568 kip

Hamre 5-397.156 Modified
MASH Compliance Assessment

Height of the bamier measured from the
top of the oveday or roadway surface

fin.)
Moter Hy,= Hin Figure 3d

Mo additonal beam strength

Flex. Resistance of the Wdl about
the Long, A at Midspan (-firff)

Flex. Reststance of the W4l
dhout the Vert. Aons )

Longitudinal length of distribution
of inpact force (ft)

(Equatton 413.3.1-2)

(Equatton 413.3.1-1)
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(3¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, 4

SUBJECT: MnDOT J-Barier on
HFgmre 5-397.156 Modified
MASH Complimnce Assessment

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

Hetght of the barner measured from the top of the overlay or roadway surface (in)

Mote: H,, =H in Figure 3e

Mo additional beam strength

M, = 31.17 kip ft

Ly- 4-ft

Lip -ft

M_gnq = 16885

Flex Resistance of the Wall shout the Vert. Aoas (k-f)

Longiudinal length of distnbution of immpact foree (&)

Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
spedfied in Article 4134 2 (ki)

(Equation 413.3.14)

(Equation 413.3.1-3)

2
L L Mg + M,
t t B
Loend = =+ (_] + Hy | = = 4.087 ft
2 2 Meond
M L 2
2 i cend “cend s
Ryend = | Mg + M, + ———————| = 63.157 kip
2 Leend ~ Lt Hy
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(3) LRED Str:
H, - 32in
Ryppnid = 94568 kip

Ry end = 63.157 kip

Hy, ’
Ry mid = mejd-[H— = 150.272 kip
e

Hy

R ond = med{H_] = 106.369 kip
e

F,= 71 kip

Structural Capacity_of Barrier at Midspan Check =

SUBJECT: MnDOT J-Barier on
Hagme 5-397.156 Modified
MASH Compliance Assessment

Anglvsis of the Barrier per AASHTO Section 13 Specificaions - Summan'v of Resulis:

Height of the Concrete Barner measured from
the top of the roadway suface in)

Ultimate Resistance of the wall at rridspan dap)

Utinate Resistance of the wall at the end ofthe wall orata
joint (ap)

Height of the Transverse Impact Fores, Fy(n)

Structural Capacity of the Barner at rdspan located o H, (kap)

Structural Capacity of the Barner & the end of the wall or & ajoint
located at H, (kip)

Transverse Irpact Force located & H, (lap)

"OK" if Rppiq=Fy

"NOT OKAY" otherwise

Structural Capacity_of Earrier_at Midspan Check = "OK"

Structural Capacity_of Barrier at Ends Check =

"o

"NOT OKAY"

if RpenazFy

otherwise

Structural_Capacity_of_ Barrier_at Ends Check = "OK"
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= Texas A&M SUBJIECT. MnDOT J-Barrier on

8 [ransportation Figire 5-397.156 Modified
o MASH Compliance As t
Al nstitute P eI
L= 11 AlVS1S O e 111 I I OsL:
4) St Analysis of the Integral End Post
(48 Bending Capacity of the Fnd Post ad Conjoining Barrier Segment shout the Long AXis: M,

b, = 12.in Unit Width of Wall (in.)

Bending C apacity of End Post and Conjoining Barrier Segm ent C onsidering only the Parapet Vertical Rein f.:
Mote: See Figwe I for avisual representaion of the remforcement bars.

Al ipost= I].31in2 Lverage areaof one parapet vertical reinforcement leg in the tension zone a
the end postand conjoining barrier segment (in2)

Syp.ipost = Sin Lyverage spacing of parapet werticd reinforcement at the end post and
cotyoiting harner segment (in.)

be

) ] . . .

A g |l A Tigiost= 0.744 - in’ Tomlﬁreaof.p_ar.apetva.tlcal mnﬁ:@mtpawutlmgth of the wall at the end
Syp.ipost post and corgoining barrier segment (in2)

Ay inost = Zviposty o Depth of Whitney Stress Blodk (in)

.p 0.85.f b,
d_ . ‘= Din Ayerage extreme distance of tension parapet verticd remforcernent at the

cp.ipost Sty 3 ;

end post and conjoining bamer segrment (in.)
.| 2ep.ipost
' AVP‘IPUSt ¥'| “cp-post 2 kip - ft Flezural Resistance of the end post and

Mcp.ipust o b = 31445 ft cotyoining barner segment about the

¢ Longitudinal Axis when considering only the

parapet vertical reinforcment specified in Aricle
41331 (- fv)
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= Jexas A&M Figire 5-397.156 Modified
Trans pOﬂ ation MASH Complismce Assessment

A nstitute

(4a-conti.) Bending Capacity of the Fnd Post and Conjoining Barrier Segment ahout the Long Axis: M, ;o

Bending Cap acity of End Post and Conjoining Barrier Segment Consdering only the DeclkcAnchorage Vertical Reinf:

HNote: See Mgrre I for a visual representation of the reanforcement bars.

Ayerage area of one deck anchorage vertical ranforcement leg in the tension

2
A : = 0.31lin o . .
lipost zone at the end post and conjoining barrer segment (in)

i ‘= Sin Lyverage spacing of decks anchorage wertical reinforcement ot the end post
Sya.ipost b : :
and conjoining barter segment {in )

b
Ava i - — 'Aval S 0.744 .i_n2 Total Area of deck andhorage vertical reinforment per unit length of the wall
Sva.ipost at the end post and conjoining barier segrent (n2)
o Hvaipostly _ 10% .in Depth of Whitney Stress Elock (in)
0.85.f..h,
dca.ipost = 1din Lyverage egreme distance of tension anchorage vertical

ranforcement & the end post and coryoining barmer segment (in )

2 kip -ft Flezzural Resistance of the end post and conjoining
= 50045 ft harrier segment shout the Longitudingl &z when
monsidering only the deck anchorage renforcment

specified i Article 413,31 (k-f/8)

a i
caipost
’7Am.ipost'fy'[dca.ipost_ ]—‘

M

ca.ipost = b
c

) = kip - ft Flesurd Resistance of the end post and corgoining harrier
II\'rll:.ip ost = iR (Mcp.ip ost’ Mca.ip let:l = 31445 ft segment about the Longitudina Axis when considenng the
critical remforcment - )
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(4b) Bending Capacity of the End Post ad Conjoi

SUBJECT. MnDOT JBarier on
Figmre 5-397.156 Modified
MASH Compliance Assessment

.2
Aylipost = 0-2in

My ipost = 4

; .2
Aw.i]mst i Awl.ipost'nw.ipust = 08in
hy, = 34-in

Aw.ipost'fy

aw.ipust = l].SS-f'c-hW = 0.415-in

l:]w.ipust:= in

aW.ipDSt]

My ipost = “w.ipost Ty’ [dw.ipust =

ing Barrier Segment ah out the Vert. Axis: M, 0

Area of one longitadingl ranforcement bar in tension (in?)

Nutrber oflongtudinal remforcement bars ading in tension

Total Area of longitudinal reinforcement bars acting in tension (n2)

= 35,17 kip ft

Total height of the barrier (in.)

Depth of the Whitney Stress Block (in.)

Ayerage extreme distance of tension longitdinal
reinforcement (n.)

Flezzural Resistance of the end post and conjoining
barrier segment ahout the Vertical Ao speafied in
ArticleA13.3.1 (e fD)
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Determine the Ultimate Resistamce of the Fnd Post smd Conjoining Barrier Se

SUBJECT: MnDOT J-Barier on
Hamre 5-397.156 Modified
MASH Complismmce Assessment

ent: Ry ipost

Figre de. Mdd Line Analysis ofthe Brnd Post and Conjoirang Barrier Segna.

M, ipost = 31445
Ly=dft
H,=32in
Ll:.ipost =
Rw.ipust . [Z-L

2
| My ipost *
cipost ~ Lt] [ -

2
L L 5
L, [_t] o ny [Dwipost| o g
1 i Mc.ipost

2
(Mc.ipust']“c.ipost ):|

Flesoural Resistance of the end post and conjoining harner segment about the
Longitudingd Ass specified in Article 41342 (k-ftrft)

Dustnbution Length of the Irnpact Force (ft)

Total Height of the Bamier (in)

{Equation 413.3.1-4)

= 109.486- kip (Equation A413.3.1-3)

Hy
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= Texas A&M Figre 5-397.156 Modified

‘ Tra H_Sp ortation MIASH Complimce Assessment
Institute
(4 Structur Al Capacity of the End Post :d Conjoining Segment of Barier - Summary of Results:

H, =32in Height of the bamier measured from the top of the roadway

surfacefoverlay Qn)
R, ipost = 109.486 kip Ultimate Resistance of the end post and conyoining barrier segment (kip)
H, = 19.in Height of the Transwerse Impact Foree, Fy(n.)
Hy
Rp inost = Fwipost'| = | = 184398 kip Structural Capacity of the end post and conjoiring barmer
1P P H, segment located at H, (ap)
Fy= 71 kip Transwerse [tmpact Foree located at Hy, (kip)

Structural Capacity of End Post and Conjoining Barrier Segment Check = [

0K B Rpise =Ty ]

"NOT OK" otherwise

Structural Capacity_of End_Post_and_Conjoining Barrier Segment Check = "OK"
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Institute
(5) Shear Capacity of the Barrier:
k=10 Concrete Modi fication Factor
Ty = %in Top Width of the parapet (n)
h, = 15in Depth of the shear zone at the critical segment (top most portion) of the bamier {in.)
d. = 8.25in Distance from compression face to the tension reinforcement (in )
Ly=4ft Length of the distributon of the impact force (£
fo=4ksi Concrete parapet compressive strength (st
(34) Shea acity of an Interior Segment of the Barier: V. ;.
d. 1 ;
Acint = [(Lt+ dc)-Tw—| +2||h + —| T | = 8505 in Coticrete Parapet Shear Zone Area of an Intenior Segment
2 of the Barrier (in2)
£
Vit 2%, — | psi| &, jy¢ = 107581 kip Shear Caparity of an Interior Segment of the Barnier (Jap)
psi
(Sh) Shear Capacity of @ End Segment of the Barrier: V., 4
A d = [Lt ¥ E] Ty + [hc s E] Ty = 641.25-in2 Concrete Parapet Shear Zone Area of an End Segment of
' 2 2 the Barier (in2)
. . 5 e
Vemd= 2™ ; -psi|-Ap g = 81112 kip Shear Capacity of an End Segment of the Bamier (kip)
V= mi.n(Vcint, vc.end) = 81.112 kip Critical Shear Caparity of the Barrer (kip)
Fy= 71 kip Transverse Imparct Foree (ap)
Shear_Capacity_of Barrier Check:= |"OK" if V 2 F, = "OK"

"NOT OK" otherwise
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(6) Conclusions:

Minimum_Height of Barrier Check = "OK"

Structural Capacity_of Barrier_at Midspan Check = "OK"

Structural Capacity_of Barrier at_Ends Check = "OK"

Structural_Capacity_of End Post and Conjoining Barrier Segment Check = "OK"

Shear Capacity_of Barrier Check = "OK"

The J-Barrier on Bridge No. 62828 (Type.J) does satisfy all MASH T1-3 Criteria
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. JECT. MnDOT F-Barri
= Jexas A&M — Figire 5 397.114 "

Tm"smﬂat’ on MMASH Complismce Assessment

]
A Institute

(1) General Information and Inputs:

1) Reference: & 4 SHTO MAZH Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.

(1a) General Inputs:

' = 4000 psi Corrpressive Strength of Concrete (pst)

f}, = 60ksi Yield Strength of Concrete Reinforcng Sted, (si)

E, = 29000ksi Wodulus of Elasticity of Sted (lesi)

= 32in Height of the concrete barrier measured from the top of the

Hy, i
roadway surfacefbverlay (in)

t, = Oin Thickness of overlay (n)

hy = Hy + t, Total height of the barrier (in))

Overlay '

Figure I Shetch af Concrate WalliParapet Showing Iyt Wriahles
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| - Fignre 5-397.114
‘ Tra ﬂ_SpO rtation MASH Compliamce Assessment
Institute
(1b) Concr ete Parapet Inpuis:
Parapet Yertical B einforcement Inputs:
Avp Lmid = I].31i112 Areaof one parapet vertical reinforcement leg in the tension zone at midspan (ind)
Syp anid = 12in Spanng of parapet vertical reinforcement & midspan (in)
dl:]].l’l’l.iﬂ ‘= 10.688in Estreme distance of parapet vertical ranforcement i tension af midspan in)
AV]J]..EI’lﬂ - I]31i112 Areaof one parapet vertical reinforcement leg in the tension zone at jointsfends (in2)
= 0.6in Spanng of pargpet vertical reinforcement a joints’ends (n) (5 bars over
svp .end :
43 indhes)
dl:p.ml:l = 10.688in Estreme distance of tension parapet vertical reinforcement at jointefends (n)
L ongitudinal R enforcement Inputs:
A= I].Sin2 Areaof longitudinal reinforcement bars in tension (ind)
d,, = 9.875in Extreme distance of tension longitudinal ranforcement of wall (in.)
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” | = Fignre 5-397.114
‘ Tra ﬂ_Sp ortation VIASH Complimce Assessment
Institute
(1b-conti,) Concrete Parapet Inputs:
Deck Anchorage Vertical Reinforcement Inputs:
Lproj_RSl]lE = 10in Projected length of RS0ZE reinforcement over the slah (in)

Lwid_RSI]lE = Rin Width of RS02E remforcement (in.)

Cover .= 225in Cover clear distance (in.)

Ratiops( || = Inclined angle of RS0ZE reinforcement

W=

db_Rﬂ]lE = D625in Nominal diameter of R501Eranforcement 35 bar)

. 1 =
92 = Lwid_Rs01E * Lproj_Rso1E Ratiopspyp + “over - 2dy pspyp = 13.271In

Extreme distance of tension deck anchorage verticd renforcement (in)

Aval.mil:l s I].31i112 Areaof one deds anchorage vertical reinforcement leg in the tension zone at midspan (in2)
Syamid = 12in Spadng of deck anchorage vertical reinforcement a roidspan (in.)
dl:a.l’l'liﬂ g dl:a — 13271 in Estreme distance of tension deck anchorage vericd renforcement of the wall a midspaniin}
Aal.end = III.?;lin2 Areaof one dedk anchorage vertical reinforcernent leg in the tension zone at joints/ends (n)
Sem.end = 9-0in Spadng of deck anchorage vertical ranforcement 2 jointsfends (n.) (5 bars over 4

’ feet average)
Aoy end = g = 13271 in Extreme distance of tension deck anchorage vericd remnforcement at jointsfends (in.)
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= Texas A&M SUBTECT. MnDOT F-Barrier

< Transportation Figire 5-397.114
7 MASHTL-3C lizmice A ent
‘ Institute omplizmce Assessn

(1c) Design Force Inputs:

Design Forces for Traffic Ralings
Test Lewl | Rail Height (in)) | F(kipy | Fukip) | Fkip) | Lv'Lo (fty | L &) He (in) | Hum (in)
TL-1 13 or above 13.5 4.5 4.5 4.0 15.0 18.0 18.0
TL-2 13 or above Z7a a0 45 4.0 18.0 20.0 18.0
TL-3 29 or ahove 7.0 13.0 45 4.0 18.0 19.0 29.0
TL-4 (a) 36 65.0 22.0 38.0 4.0 18.0 250 36.0
TL4 () |between 36 and 42 30.0 270 22.0 5.0 18.0 300 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 420
TL-5 () greaterthan 42 262.0 Ta.0 1a0.0 10.0 40.0 430 42.0
TL 6 1750 58.0 &0.0 a0 40.0 6.0 0.0
Eeferences:

®  TL-1and TL-2 Design Forces are from A ASHTO LRFD Section 13 Table 413.2-1

® TL-3Desgn Forces are from research condu cied under NCHEP Project 2007 Task 395

&  TL-4{a), TL4 (b3, TL-S (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHEP Project 22-20(2)

TL:= 3 Test Lewel
Fy = Tlkip Transverse [mpact Force
L, = 4ft Longitudina Length of Distribution of Impact Force
H, := 1%in Height of Equivdent Transverse Load
h, = Hy+ t, Total Height of Equivdent Trans. Load
H,in = 29in Minitrm height of a MASH TL-3 barme (n)
H, = 32.in Height of the conorete harn er measured fromthe top of the roadway surfacefoverlay (in)
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‘ Tra n_spa riation MASH TL-3 Compliance Assessment
Institute

(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 32.in Heght of the concrete bamier measured from the top of the roadway surface/oved a7 (in)
Minimum_Height of Barrier Check := ["OK" if H_ = H ..

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"
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‘ Tm n.sp ortation VIASH TL-3 Complimmce Assessment
Institute

(3) LR¥D Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(3a) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., (K-ftAt)

bh.:= 12in Uit Width of Wdl (n)
c ; y
Mote: by 15 takeen as 1 per A4 SHTO Section 13 procedure
Avpl mid = 031 i112 Area of one parapet vertical ranforcement leg in the tension zone (in2)
Syp.mid = 12-in Sparing of parapet vertical remforcement at rdspan (in.)
AV]JIl'I.iﬂ = 'Avpl mid = 0-31-in Total Area of parapet wertical reinforment per urit length of the wall
Syp.mid at rridspan (ind)
dl:p mid = 10.688-in Lorerage exdreme distance of parapet vertical remforcement in
) tension fin)
Avp mid'fy - .
a sq = ————= - 0456 in Diepth of Whitney Stress Blods (i)

mid
® 0.85-f b,

d acp amid
_ Avp.mid Ty | Yop.mid 2 Kip ft Flesurdl Resistance of the Wl sbout the Longitudinal
Mcp mid = b = 16213 £t Az at Midspan when considering only the parapet
€ vertical reinforcment spedfied in Article 41331 (e-firf)
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- Figire 5-397.114
‘ gg;}?[?[%ﬂanon MASH TL-3 Compliance Assessment

(3a conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., kft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
. Extreme distance of tension deck anchorage vertical reinforcement
da mig = 13271 in of the wall Gin)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 20216 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b =SS fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 16213 ft at Midspan when considering the critical reinforcment
(k- /81)
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- Figre 5-397.114
‘ Tra n_spa riation MASH TL-3 Canpliznce Assessment
Institute

(3b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 031 in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 0.6-in Spacing of parape vertica remforcement at jomtsfends (i)
b 2
Avp md = 'Avpl md = 0388 in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)
g g~ Spendly 0.57-in Depth of Whitney Stress Block (in.)
P 085£ b,
dcp _end = 10688 in Ayrerage extreme distance of tension parapet verticd reinforcement at
jointsends (in)
fla B Aep.end
M : AVP endiy | epend 2 20156 kip-ft Flezural Resistance of the Wall sbout the Longitudingd
cp.end = b i T Azis & Joints/Ends when considening only the parapet
2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.eng = 03110 jointsfends Gn2)
Sya.end = 9-6/in Sparing of deck anchorage wertical remforcement at jointsfends ()

]
Ala ond = { £ ]Aval ad = 0388 -in2 Totd Areaof deck anchorage vertical reinforment per wt length of the

Sva.end will at jointsiends (in2)
S Baendy 0.57.in Depth of Whitney Stress Block (in.)
: 085, b,
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SUBJECT. MmDOT F-Barier
Figmre 5-397.114
MASH TL-3 Complismce Assessment

(3b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

Ay g = 13271in Extreme distance of tension anchorage verticd remforcernent at joints/ends (i)
i % ca.end
] Avaend Ty | Yea.end 2 kip-ft Flesurd Resistance of the Wall shout the Longitdinal Awis
Mgy end = h = 2516 at joints/ends when considering only the deck anchorage

C

Meend = m(Mcp.md’Mca.md) = 20.155-

reinforcment specified mAride 41331 (-4

Flesurd Fesistance of the Wall ahout the Longiudinal dsas at
joinitsfends when considering the oritical reinforoment - £/

(3c) Bending Capacity of the Wall ahout the Vertical Axis: M,

d,, = 9.875 in
2
Ay = 08in

h,=32.in

Aw'fy

ay = ———— = 044l in
085 hy

a.

M, = Aw-fy-[dw— Tw] = 38.618 kip ft

Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)

Total Area of longituding reinforcementbars acting in tension (ind)

Total heaght of the barmer (in)

Deepth of the Whitney Stress Block (in )

Flesural Resistance of the Wall ahout the Verticd Asas speafied in
ArhicleAl3.31 (k-f)
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SUBJECT. MmDOTF-Barier

(3d) Determine the Ultimate Resistance of the Wall a Midspan: R,

\\'\_\ ~ f.«
\\ \ /
N /
\{| I/
\ \'\ F
\Qj L/
5
Uy N
|

Le {
F—H—
| R4
o = Y
AT e e s
. I[ 2, \ Fi_ "_////l
H | R \ | //" |
' -4 |
e b
< 1Y T - A

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.

L {Lt]2+ [8hy (Mg + MyJ]

L. o |
cmid
2 2 Memid
2
Rmid = 18- Mg+ 8 M, +
2-Lemig ~ Ly

= 0404 -ft

Monid' (Lcrrlid)2

H, = 32.in

Mg = Okip -ft

kip -ft
Mg = 16213 ——

M, = 38.618 kip ft

Ly=dft

- 114.346 kip

Figmwe 5-397.114
MASH TL-3 Canplizmnce Assessment

Height of the bamier measured from the
top of the oveday or roadway surface

fin.)
Moter Hy,= Hin Figure 3d

Mo additonal beam strength

Flex. Resistance of the Wdl about
the Long, A at Midspan (-firff)

Flex. Reststance of the W4l
dhout the Vert. Aons )

Longitudinal length of distribution
of inpact force (ft)

(Equatton 413.3.1-2)

(Equatton 413.3.1-1)
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SUBJECT. MnDOT F-Barier
Figmwe 5-397.114
MASH TL-3 Canplizmnce Assessment

(3¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, 4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

M, = 38.618 kip ft

Ly- 4-ft

Lip -ft

M_gnq = 20156

Hetght of the barner measured from the top of the overlay or roadway surface (in)
Note: H,, =H in Figure 3e

Mo additional beam strength

Flex Resistance of the Wall shout the Vert. Aoas (k-f)

Longiudinal length of distnbution of immpact foree (&)

Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
spedfied in Article 4134 2 (ki)

Ly Ly ]
L (= — —| + h._.
cend P P

Mg+ M, + ~———————= | - 75850 kip (Equation A13.5.1-3)

Mg +
B—M“'] - 5018-ft (Equation A13.5.14)

cend

2
(Mcend' Leend j

hy
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(3) LRFD Sir
H,, - 32-in
Rymig = 114.346 Lkip

Ryend = 75859 kip

H, = 19in
hy,
o . = 192.583 ki
Romid = Fwmid P
[He + 1t
H
R, = Rw . = 127.763 kip
R.end end
H,+t,
Fi= 71 kip

Structural Capacity_of Barrier at_Midspan Check =

SUBJECT. MmDOT F-Barier
Figire 5-397.114
MASH TL-3 Complismce Assessment

Anglvsis of the Barrier per AASHTO Section 13 Specificaions - Summan'v of Resulis:

Height of the Concrete Barner measured from
the top of the roadway suface in)

Ultimate Resistance of the wall at rridspan dap)

Utinate Resistance of the wall at the end ofthe wall orata
joint (ap)

Height of the Transverse Impact Fores, Fy(n)

Structural Capacity of the Barner at rdspan located o H, (kap)

Structural Capacity of the Barner & the end of the wall or & ajoint
located at H, (kip)

Transverse Irpact Force located & H, (lap)

"OK" if Rpgpiq=Fy

"NOT OKAY" otherwise

Structural Capacity_of Barrier at Ends Check =

Structural Capacity_of Earrier_at Midspan Check = "OK"

"OK" if Ry a2 Fy

"NOT OKAY" otherwise

Structural Capacity_of Barrier at Ends Check = "OK"
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s Figmwe 5-397.114
‘ Eg;}?[??&ﬂa tion MASH TL-3 Complismce Assessment

(4) Strength Analysis ofthe Seperate End Post:

(4a) Bending Capacity of the Fnd Post sbout the L ongitudinal Axis: M.

LAY I

Fgure da. Flenral Srengh Analysis of the Bad Post about the Longitudinal dxs

Hspost = 32in Height of the end post messured from the top of the roadwayfsurface (in.)

bspust = 36in Width of the end post (in)

Bending C apacity of End Post C onsidering only the Parapet Yertical Reinforcement:
Mote: See Mgee 1 for avisual representaion of the remforcement bars.

Apl spost = IZI.?‘SFin2 Areaof one parapet verticd reinforcement leg in the tension zone of the end post (in)
’ #: Bars
N spost = 4 Mumber of parapet vertical reinforcement in the end post (n.)
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SUBJECT. MnDOT F-Barier
Figmwe 5-397.114
MASH TL-3 Conplizmnce Assessment

{4a-conti.) Bending Capacity of the End Post about the Longitudinal Axis: M, post

i
Ap.spost:= n1:|.sp|Jst'Al:ll.spost= 3.16-in

__Apspost' Ty :
ap.s,‘lost'_ W = 1540 .in

Total Area of parapet verical remnforment in the tension zone of the end
post (1n?)

Depth of the Whitey Stress Block (in.)

c spost
d'p spost = 0.75in ALyrerage extrarne distance of tension parapet vertical reinforcement in the end post(in)
M, - A, E [d.p = M] - 141.813 kip ft Flesural Caparity of the End Post shout the
ROk RRAK ost 2 Longitudingl Asis when considering only the parapet

vertical reinforcment Jap-ff)

Bending Capacity of End Post Considering only the Deck Anchorage Vertical Reinforcem ent:

Hote: See Mgre § for a wisual representation of the ranforcement bars.

Al ost = 1in2 Area of one anchorage vertied reinforcement leg in the tension zone in the end post (in)
e #9 Bars
N, spost = 4 Murrher of andiorage vertical reinforcement in the end post (n.)

. 2
Aa.spust:= na.sl:ms‘t'Aal.spl:lst = 4in

Total &rea of deck anchorage verticd reinformert in the tension zone
of the end post (in2)

f,
2, spost = ooty ) 61 Depth of the Whitney Stress Elock (in)
085 bapost
da.spost = 11in Extrerne distance of tension deck anchorage vertical renforcement in the end post in.)
M, Ay f [da aa.spost] 200,392 kip-ft Flesural Capacity of the End Post sbout the
= £ o ke | 392 kip-
e SRS s 2 Longtudinal Asds when considenng only the deck

Mg post = mm(Mp.spust’Ma.spust) = 141813 kip ft

achorage verfical reinforcment (lap-ff)

Flezzural Resistance of the End Post about the Longitudinal
Az when considenng the cntied remforcment -G
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(4a) Bending Capacity of the End Post about the Longitudinal Axis Summary of Results:

H,=19-in Height of the Transverse npact Force Fy(in)

= 141.813 kip ft Flemral Resistance of the End Post sboutthe Longituding

Ms.post : S 2 -
Ass when considenng the critical reinforoment (-8

II”Is.p ost B . .
— = 89566 - kip Structiral Capacity of the End Post located ot H, (kip)

Rspost = Hy+t

(1]

F, = 71 kip Transverse Impact Force located 2 H, (ap)

Distribution Length of the Impad Force (f)
Li=4ft

Structural_Capacity_of End Post Check = [

"OK"if Rs.pud:th J

"NOT OK"  otherwise

Structural Capacity_of End Post Check = "OK"
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‘ Tra n_spa riation MASH TL-3 Canpliznce Assessment
Institute

(4b) Structura Capacity of the Fnd Post and the End of the Barrier: Ry o

bypunct

Flgure dh Flemaral Srength and Bald Lire Anabwiz afthe Bnd Poet and the Contribuding Barvier Segmert.

Note: Rqutis equal to the structural capacity of the end post plus the structural capacity of the end of the barmer considering

areduced Ly Ly,

Structural Capacity at the End of the Barrier: CRW_.PM‘)
Dote: By considers areduced Ly called Ligyg

bspust= 3.t “Width of the End Post (£
L= ft Length of the Distnbution of the Impact Force (ft)
Lt.spust - Lt - bspust — 1.t Distribution Length of the Impad Force acting at the End of the Barrier (f)
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(4b-conti.) Structural Capacity of the Fnd Post and the End of the Barrier: Ry g4

Hy, = 32.in Height of the concrete bamier measured from the top of the roadway
surfacefoverday (in)
kip - ft Fleural Resistance of the Wall shout the Longitudinal Axis & JointsEnds
Meeng = 20.156- == spedfied in Article 41342 (k)
Mg=0 Mo bean addition to the barmer
M,,, = 38.618 kip ft Flemra Reastance of the barrier shout the vertical aas (Jap-f)

2
Lispost Lispost Mg + My, Length ofthe ultimate
L, o ogt = —a + |ty | ——— |- 2815 e
.Sp ost 2 a M resistance at the end of the
cend harrier segment (ft)
-Modified Equaion 413314
M L 2
) 2 cend “c.spost i Structurd Capacity at the end
Ropd = ﬁ | Mg + My + T = 42.554 kip of the harmer segment using
c.spost t.spost 1 located at Hi (kip)
-Modified Equaion 413.3.1-3
by, Structural Capacity at the end of the barrier segment using Ly
= R = 7L.67 ki : o
Ri.spost = Rend [He+ T P Iocated at H, kip)
R, post = 80568 kip Structural Capacity of the End Post located ot H, (kip)
RR.spost - Rw.spost - Rs.post = 161.236 kip Stu.cmral. Caparity of the end post and conributing segment of
bammer {lap)
F,= 71 kip Transverse [mpact Foree located at H, (lap)

Structural Capacity_of End Post and FEnd_of Barrier Segment Check =
"NOT OK"  otherwise

"OK" if Rg ot Fy ]

Structural Capacity of End Post and End_of Barrier Segment Check = "OK"
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(5) Shear Capacity of the Barrier:
A =10 Concrete Modi ficaion Factor
T, = %in Top Width of the parapet (in.)
h, = 15in Drepth of the shear zone at the critical segment (top most portion) of the bamer (in)
d, = 8in Distance from comprezsion face to the tension remforcement (i)
Ly=4ft Length of the distnbution of the inpact force (ft.)
fo=dks Concrete parapet compressive strength (lest)
(3a) Shea acity of an Interior Segment of the Barier: V ;.
d. 2
Alint = |'(Lt + dc) : Tw—| +2| | h+ — | Ty |=846-in Concrete Parapet Shear Zone Area of an Interior Segment
| 2 of the Barier (in2)

fe . : 5 e

Vl:.i.l’lt sanms Ao E psi 'Ac.i.nt = 107.011-kip Shear Caparity of an Interior Segment of the Barrier (lap)

(3h) Shear Capacity of a End Segment of the Barrier: V., 4

d d
; C C ;o2
Ac d = [Lt + ?] Lk [hc + ?] Ty, = 639-in Concret.e P@ﬁ Shea Zone Area of an End Segment of
the Barrier (in?)
£ : N
Vemd=2H || |— | Psi|- A gpq = 80-828 kip Shear Caparity of an End Segment of the Barrier (kap)
: = i
Vo= min(Ve e, Vo o g) = 80.828 kip Critical Shear Caparity of the Barrer (kin)
Fy= 71kdp Transverse Impact Force (lap)

Shear_Capacity_of Barrier Check = |"OK" if V 2F, = "OK"

"NOT OK" otherwise
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(6) Conclusions:

Minimum_Height of Barrier Check = "OK"

Structural Capacity_of Barrier at Midspan Check = "OK"

Structural Capacity of Barrier_at Ends Check = "OK"

Structural Capacity of End Post Check = "OK"

Structural Capacity of End Post and End of Barrier Segment Check = "OK"

Shear Capacity_of Barrier Check = "OK"

The F-Barrier from Figure 5-397.114 does gatisfv all MASH TL-3 Criteria
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APPENDIX C1: ONE-LINE BRIDGE RAIL ON FIGURE 5-397.102
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T T 0" Magmum 10 9 wMaxlmum 2 & weximum L BILL OF REINFORCEMENT
L2 47 Wexinum v A : FOR RAILING
MARK | NO | LENCTH | SHAPE | LOGATION
R701 ' 8" |Bent |Railpost
6" Max, ;ggg : 3:: : :
Finlsh tap of end, I n " Nams Plate 10" § Spac. 10" | p2os . :
post to V8" crown’ 2 2%._0“ RE05 Y Gim of plate o be flush with concrete. ; i R3D4 B L
pReing See sheet 1 for locatlon. gﬁgﬁ L E“ Er Iéi?’\’nu
Guardrall conrec- A 8505 €3 R507 0 _3Bent |End Posi
L8 ytion. 3oe detai " 708 4" {Bent [end Fost
= % tong Rail Bars RaM LT
f'R 507 \ — R509 ! _ist. _ end Post
f B R s W | N et H
] 509 _ rit ] 3 R EUERE i
5| Sajns P————1 o ) =
= td) b b | — 5 T o
= RI03 L Y
H a &~
bed 312" 2 5 Open L. }— 4 N
E | Y’“D o coplng Toint (1! = See special provisions for railing fies aiternate.
[ R T e P Ky O] - R62 Back by
R 4 TYPICAL REIKFORCEMENY A TYPICAL REINFORCEMENT S = Rots
t=—No. 11 Bars Py gy g RAIL END <J BETWEEN RAILPOSTS TYPICAL REINFORCEMENT
Keyway A i BAILTRGSTE GENERAL NOTES:
£el . PAETINSIDE. ELEVATI0 Rallposts and railing te be cancrete mix No. 3'464.
z & Le All railposts normal to grade, Bxcept as noted.
o ! ; * " Ty, i i : “
g [ 3-172" = ]‘l—L Finish all edges of railing and railposts toa 12"V
T ! _% ﬂ)‘g axcept where otherwise noted.
! H a— ' 602 { Special care shall be exercised ia finishing the sur-
ﬂ E —E face of the concrete slab in the area of the posts so
2 1hat the vertlcal réinforcement far the posts can be
N ﬂ:ﬁ—u T\LTdE:m e 1 ?L = I 4 ! i IR i JI T E"VVHI i properly piaced with respect to depth of ancherage.
B (e B . e i e N Lol No. 2 reinforcement bars shall comply with A, 5.T.M.
FE Y™ A £ i it s Rl A306.
& 3 FELORG Rl BarS (e Plece the No. 5 end post stirrups when the Na. 11
& j — i i vertical bars are cast in the shutment.
F?Fe “’de"ﬁ'!":“ tobe 1 Guardrail connection ta be Tnctaded in welght of
&llansd. i face . i, 3 | paas J_ structurat steel M. H. b. 3306,
- R0 e Railing quentities are inciuded in summary of guan-
POST tities for superstructure.
END PLAN VIEW
1" standard pipe
L.48 Ibs. #t. £ 9 S Uil kI Jolit
2
2 13" RSOT
£ n T i 13 8508
4 __ | | L autside edge g B
H r % &l oy il &N of coping B
& 21l NoA R304 Space under RGBS —ai] N | S 4 B
i N Rz, = = long. Rall Bars ~ A\ = =
5 iy : 2
= = r—2-Ré02 E L I 10-34"
& I \ 7 g = R507 & R508
LR B Eeel u” B R ol % R304
B 4" E\ & I gholes in g = a-gro1ld ar = —
B
: / EE
:T 8 E R | o3 R701 | 2 g
N i R205 | 11-14" Ré2 2 g
@ i 2-1j2" 2z
0 i R303 & R205 R701 & RE02
ELEVATION [ Fig. 5-397, 162
GUARDRAIL CONNECTION DETAIL — August 6, 1970
Galvanize after fabrication per M. H.D. 3394, '";; o ¢ FoR 6" BRUSH CURE ] Bridge No.
Est W 37 Ibs. % . NCRETE RAILIN -
SECTION A-A SECTION B-B WITH END POST) Sheet No. of Sheets




= Texas A&M SUBJECT. MnDOT One Line Barrier
Transportation Figure 5-397.102
‘ Institute MASH Complimce Assessment

(1) General Information and Inputs:

13 Eeference: AASHTO WMASH TL-3 Conditions.
2y Assessthe adequacy of the bamer based on AASHTO LEFD Section 13 critena.

(1a) General Inputs:

.= 4000 psi
fy = 40ksi

E = 20000ksi
H, = 325in
t, = Oin

= Hy+ t, - 425.in
hy = Hy + £

(1b) Concrete Rail Tnpits:

b= ldin
sipeh
A= L76in
d.. = 7in
¥er = 2725in

Cotrpressive Strength of Conorete (psi)

Yield Strength of Concrete Reinforcing Steel, dest)
Modulus of Elasteity of Steel (leat)

Height of the concrete barner measured from the top of the roadway
surfacefoverlay to the top of the highest rail (in)

Thickness of overlay in)

Total heght of the bamer (in) ’.—dcr—_I

T
Width of the Concrete Ral (in)

bCI’ L
Total area of the reinforcement bars acting
in tension in the Concrete Ral (n2)

s S5
Distance from the comapression face of the
Concrete Ralto the tension reinforeement bars Figure Ih Profile Hew showing
{in.) Concrete el Inpuis

Height of the Concrete Ral measured from the top of the roadway
surface’overl a7 to the centroid of the ral {in)
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4 Transportation Figire 5-397.102
‘ Institute MASH Complimce Assessment

(1c) Concrete Post Tnputs:

bp = 1din Width of Concrete Post (in)
) .2 ¢ ; i g
Ap = 2 din Areaof Concrete Post reinfircement acting in tension (in)
d‘p = 85in Crstance from the compression face of the Concrete Post to the

tenusion reinforcement bars {in.)

heyppy = 623in Heightof airb (in.)

L. := 10ft Spacing of Conerete Posts (f)

v

AV AN

|
b

H : Tension Vertical Reinf. \\;
L] ] 1 ]
: . o, Be o

[ |
e b, N
Concrete \ Concrete

Post (Typ.) Rail

Y,
o

Fgre I, Flan Vew of @ Concrele Post-and-Beam Failing showing Concrete Post Inputs




Z Texas AGM SUBJECT. MnDOT One Line Barrier
4 Transportation Figire 5 397.102
‘ Institute MASH Complismce Assessment

(1c) Design Force Inputs:

Design Forces for Tiraffic Ralings
Test Level | Rail Height @in) | R &kip) | Fqkip | Bip | Wwiogg | Iedo He (in) | Huin (in)
TL-1 13 or ahove 135 4.5 4.5 4.0 15.0 13.0 13.0
TL-2 13 or above 270 9.0 45 4.0 15.0 200 18.0
TL-3 29 or above 710 18.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 6z.0 22.0 38.0 4.0 15.0 250 36.0
TL4 () |between 36 and 42 30.0 Zra 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 42.0
TL-5 () greater than 42 262.0 750 1a0.0 10.0 40.0 43.0 42.0
TL G 1750 58.0 30.0 3.0 40.0 56.0 a0.0
Eeferences:

® TL-1and TL-2 Design Forces are from AASHTO LEFD Section 13 Table A13.2-1

® TL-3Desgn Forces are from research condu cted under NCHEP Project 2007 Task 395

o TL-4{a), TL<4 (b3, TL-S5 (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHEP Project 22-20(2)

TL:=3 Test Lewel

Fy = 7lkip Transverse Impact Force

L= 4ft Longitudingl Length of Distribution of Impact Force

H, = 1%n Height of Equivd ent Tansverse Load

H, i i= 20in Minitrm height of a MASH TL-3 barnier (in)

Hy = 3425 in Height of the conarete barner measured fromthe top of the roadway surface/overlay to the top
of the highest rail (in)
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= Texas A&M SUBJECT MnDOT One-Line Barrier

4= Trapsportation Figire 5-397.102
i MASH Complismce A eni
‘ Institute amplizmce Assessm

(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)

Hw - 3425 .in Heght of the concrete bamier mesured from the top of the roadway surface/overd a7 to the top
ofthehighest rail (n)

Minimum_Height_of Barrier Check = |"OK" if H_ 2 H ;.

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"




/‘-‘ Texas AGM

(3) Geometric Criteria:

spost = 3.5in

G}, = 14in

ZA:= 20in

H, = 3425-in

o
J

I

10

on
1

C = VERTICAL CLEAR OPENING (in)

Transportation
Institute

Post Setback (in.)
Note: Denoted as "S" in figure bel ow:

Vertical Clear Opening (in.)

Total Rail Contact Width (in.)

SUBJECT: MnDOT One-Line Barrier
Figure 5-397.102
MASH Compliance Assessment

Total height of the bridge rail measured from the top of the roadway surface/overlay (in.)
Note; Denoted as "H" in figure below:

HIGH POTENTIAL

Bridge rails in this areq
have met NCHRP 230 safety
evoluofion guidelines, NN

PREFERRED -

f—5

]

== B

LOW POTENTIAL

D{ RAILS
o

Tmpact with Post

2 4 6

6[1l01‘|‘2

S = POST SETBACK DISTANCE (in)
Figure A13.1.1-2—Potential for Wheel, Bumper, or Hood

Beam !
or
A
Rall H

c
Post —= . i

+

CONCRETE
RAIL




NotRecommended = 1

= Texas A&M

Transportation
Al Institute

(3-conti.) Geometric Criteria:

Spost = 354n DA=20in H, - 3425 in

Setwx=(0 1 2 3456 789 10)

Setlow_y:= (0.75 063 052 04 0315 028 027 026 025 0245 0.245)

Setypx= (25 3 4 56 78 9 10)
Setypy = (08 0725 06 05 046 0.44 043 0425 042)

SUBJECT MnDOT One-Line Barrier

Fignre 5-397.102
MASH Complismce Assessment
ratiog gy = E = 0.584
HW

Lower Bounday for Post Sethack Critena

% and v coordinates

Upper Boundary for Post Sethack Criteria

% ad v coordinges

s
post . . .
Setsys.x S 35 Post Sethack ral genmetric point
Setsys.y = ratioy 4 oy = 0.584 Ratio of Contact Width to Totd Height rail geometric point
Post Setback Criteria
0.8
—— Lower Bound

- Prefored | Upper Bound
%n : ©#% Rail Geometrics
2
- 0.6
% SEtlmv.y
= wp, T
B Sety. 05
i
= ¥
S ool 0.4
&)
T
A 0.3

Not Recomimended
0.2
1 s 3 4 5 6 7 8 g
T T
Setyow x ’S%x Se‘sysx
Post Setback Distance (in.)

10

Marginal := 2 Prefared = 3

Region Designation
Note MMaranal region is hetween Lower and Upper Bounds

Post_Setback_Criteria_Rail Geometric_Point .= Marginal
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‘ Institute MASH Complizmce Assessment
(3-conti.) Geometric Criteria:
Magy = (0 3 13) Lower Bounday for Snag Potential Criteria

% and ¥ coordinates
snagygy = (10 12 12)

MAyp.x = (0 125 425 535 13) Upper Boundary for Snag Potential Criteria

(10 13 13 15 15 x and ¥ coordinates
snagy, .= ( )

8

snagg = %ﬂ =35 Post Setback rail genmeric poiat
: i Vertical Clear Opening rail ic pot
Aoy s.y = ;= 14 ertical Clear Opening ral geometric point
Snag Potential
18
High Snag Potential
5 16
g Tfowy ®
Q' ———
o T
g Ty
5 magsys_y 12
T o0
5 Lower Bound
- 10
: —— Upper Bound
Low Snag Potential 66 Rail Geometrics
°0 2 4 6 8 10 12 14
T T
STy x ’snag.lp.x ’magsys.x
Post Setback Distance (in.)

. o . L Region Designation
HighSnagPotential .= 1 Marginal = 2 LowSnagPotential .= 3 Mote: Marginal region is between Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point := HighSnagP otential
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< Transportation Fignre 5-397.102
‘ fnstﬂ{}?e MASH Complismce Assessment

(3) Geometric Criteria - Summary of Results:

Post_Sethack Criteria_Check = | "OK" if Post Setback Criteria Rail Geometric_Point = Preferred
"NOT OK" otherwise

Post_Sethack Criteria_Check = "NOT OK™

Snag Potential Criteria Check .= | "OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential
"NOT OK"  otherwise

Snag Potential Criteria_Check = "NOT OK"

C-10




= Texas A&M SUBJECT MnDOT One-Line Barrier

4= Trapsportation Figire 5-397.102
i MASH Complismce A eni
‘ Institute amplizmce Assessm

() LRF¥D Strength Analysis of the Barrier per AASHTO Section 13 Specifications:

(4a) Flexural Capacity of the Concrete Rail: V..

fy = 40 ksi Yield Strength of Conerete Ranforcing Steel, (k)
fo=dkd Concrete Compressive Strength
b = ldin WAdth of the Concrete Ral (in.)
L7651 2 Total area of the reinforcement bars acting
B <R s R R R
d_ = 7in Distance from the compression face of the Concrete Rail to the
o

tension reinforcement bars (in.)

-f,
ag. = ﬂ = 1.479.in Whitney Stress Blode Depth (in)
0850 b,
Aep . . o
Ml:r - Acr'fy' dl:r - — | = 36.728 kip ft Flemrd Capaity of the Concrete Ral Jap-f)
2

Yo = 27.25-in Height of the Concrete Fal measured E.mr.nthe top of the roadway
surfacefoverd 7 to the centroid of the ral (in)

Fhar = ¥er= 27.25.in Height of the Resultant Force of &l Rals measured from the top of

the roadway surfacefoverlay (in.)
Note: Wy =¥y, sincethe only ral is the concrete rail
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Al [nstitute

(4h) Post Sirengfh: P,

fy=4I]-ksi
f.=dkd

b = 14.in
Ap =24in

ﬂ.p =85in

2y

i~ T - 2017:n
085 by

Mpost = Ap'fy'(‘ip = %] - 50,033 kip ft

Fhay = 27-25-n

by = 6.25in

SUBJECT MnDOT One-Line Barrier
Fignre 5-397.102
MASH Compliamce Assessment

Yield Strength of Conorete Remnforcing Steel (le)

Concrete Compressive Strength

Wadth of Concrete Post {in.)

Area of Concrete Post reinforcement ading in tension (ind)

Distance from the compression face of the Concrete Post to the
tersion remforcement hars {in.)

Whitney Stress Block Depth (in)

Flesural Capanty of the Concrete Post (Jap-ff)

Heght of the Resultant Force of d1 Rails measured from the top of
the roadway surfare/overlay (n)

Height of curb (1)

Heght measured from the bottom of the Conerete Post to the Resultant
Force of all Rails {in)

Post Strength (ap)
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= Fignre 5-397.102
‘ ggg-?f}?eﬂanon MASH Complizmce Assessment
(4c) Ultimate Resistance (Nominal Resistance) of the Railing for a SingleSpan Failure Mode: Ry

Figure 9o Bingle-San Feilure Mbde for Post-and-Bagm Redling

PP = 34.247 kip Post Strength (lap)
Nyp=1 Mumber of Falure Spans
M'P ‘= M, = 36.728 kip ft Flestural Capacity of all Rails (kip-ft)

Hate Mp= M, since the only rail is the concrete rail

L. = 10.ft Post Spacing (f)
Note Ly, =L in Figure 4c.

Li=4dft Longitudinal Length of Distnbution of the Impact Foree

16- + [Ny -1):[Ny+ 1)-P, L
Ry = MP ( L ) ( L ) i S 36.728 kip Ultimate Resistance of the Raling for a Single-Span
2Ny Lp- Ly Failure Mode (kip)
- Egn A133.2-1
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" Figure 5-397.102
‘ E}gg_ f!’j'?e riation MASH Compliamce Assessment

(4d) Ultimate Resistance (Nominal Resistamce) of the Railingfor a Two-Span Falhure Mode: R,

Figre 43 Fwo-Sparr Failfvre Made jor Post-and Beam Realings

PlJ = X.247 kip Post Strength (kip)

Ny:=2 Mutrher of Falure Spans

Nlp = 36.728 kip ft Flezural Capacity of all Rals (kap-ft)
Lp - 10t Post Spacing (ft.)

HNote; L, =L in Figure4d.

Longtudina Length of Distribution of the Impact Force

= 54.376 kip Ultirnate Eest stance of the Raling for a Two-Span Falure
P Ly Wode (kap)
-Egqn 413322
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SUBJECT. MmDOT One-Line Barrier
Figire 5-397.102
MASH Complizmce Assessment

(4¢) Ultimate Resistance (Nominal Resistance) of the Railingfor aThree Span Faihire Mode: R,

-

SL

F;D MpC _)Mplpp

R

i

Figure 4o, Thrae-Span Faikire Mode Br Post-and-Beam Failings

P, = 34.247 kip

Ny=3

M'P = 36.728 Lip ft

Ry = = 59.419-kip

Pzt Strength Jap)

Mutrber of Falure Spans

Flesmural Capanty of &l Rails (ip-ff)

Pzt Spacing ()
Mote: L, = Lin Figure 4e

Longitudind Length of Distribution of the Irpact Force

Ultunae Resistance of the Raling for a Three-Span Falure

Ilode (lap)
-Eqn A1332-1
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SUBJECT. MnDOT One-Line Barrier
Figare 5-397.102
MASH ComplizImce Assessment

Ultimate Resistamce (Nominal Resistance) of the ingfor a4 3Spm Faihe Mode: R, - R
Pp = 34.247 kip L]:l = 10ft 1\'11] = 36.728 kip ft Lt= 4 ft
Ny=4 Ng:=5 Ng =0 No=7 Ng:=8
2
1n; M‘p + Ny 'Pp']“'p . Ultimate Resistance of the Raling for a Four-Span Falure
Ry= —— = - 0832 kip e
2N, L -L IWode (lap)
4=p Tt -Eqn 413322
16: M‘p * (NS & 1) ’ (NS + 1) 'Pp 'Lp . Ultimate Resistance of the Railing for a Five-Span Falure
Rg = = 01.74 kip de (ki
Z'NS'L i Iode (kip)
p ot -Equ A13.32-1
2
16- My, + Ng" Py Ly _ _ 5 _ _
Rg= ——————— = 111351 kip Ultimate Resistance of the Railing for a Six-Span Falure
2:NgLp- Ly Mode (ki)
-Egn A13332-2
16 + [Na=1}:[Na+ 1} P L
Roi= Mp ( z ) ( g ) L 125.194 kip Ultimate Resistance of the Railing for a Seven-Span Falure
Z-N.?-Lp - L, Ilode (lap)
-Egn A133.2-1
2
lﬁ'N[p+N8 'Pp'Lp . : i : :
Rgi= ————————— = 144269 kip Ultirnae Resistance of the Raling for a Eight-Span Falure

2NgL,- Ly

Ilode (lap)
-Egn A13332-2
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= Texas A&M SUBJECT MnDOT One-Line Barrier

i Fignre 5-397.102
‘ E]g;}?[’i)[%ﬂa“o" MASH Complizmce Assessment

{4 LRFD Str Anglvsis of the Barier per AASHTO Section 13 Specifications - Summary of Results:

R, = mjn(Rl Ry Ry, R, Rz, Rys R, RS) = 36.728 kdp Totd Ultimae Resistance of therailing @ jyq (dip)
Note: The total Ultimate Resistance of the railing is the crifical
span falure mode (1 &, the rinirmm value of Ry - Bg)

H,=19in Height of Equivalent Transwerse Load

Yhar = 2725 .in Height of the Resultant Force of 1 Rails measured from the top of
the roalway surfacefoverday (in)

Fy= 71-kip Transwverse Irpact Farce

¥
RR - R‘r{ :[arJ = £2.676 kip Totd Ultirnae Resistance of the raling @ H, (kip)
e
Structural Capacity_of Barrier Check = |"OK" if Rp = F,

"NOT OK"  otherwise

Structural_Capacity_of Barrier_Check = "NOT OK"
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= Texas A&M SUBJECT MnDOT One-Line Barrier
Transportation Figure 5-397.102
‘ Institute MASH Compliance Assessment

(5) Strength Analvsis ofthe Barrier at an End Section or Joint:

(3a) Ultimate Resistance of the inga @ Fnd Section or Joint for a SingleSpan Failure Mode: Ry, 4

- L " P,

Post (Typ.)

r - b
Concrete

Rail | F,

X Concrete _’_,," :

AN,

Figure Sa. Singe-Shan Fulune Made for Post-and-Beam Failings at an Bnd Section ar Joiet

Pp = 34247 ldp Post Strength dap)
M'P = 36.728 kip ft Flemra Capacity of d] Rails (ap-£)
LlJ = 10ft Post Spadng (ft)
Rlmd = PlJ + & = 3792 kip Ultirnate Resistance of the Raling for a Single- Span Falure Mode £ an
Lp End Section or Joint dap)
Using the Approach from AASHTO Section 13: N;=1
M
Z-IVIP + ZPP-LP- Z i
) i 4 Ultmate Resistance of the Raling for a Single-Span Falure Mode & an
RyAend = p———=) =474 kip End Section or Joint using AASHTO Egn 413 3.2-3 (kip)
1'*p t
R 1.end i= min I:Rlend JRya md) = 3702 kip Critical Ultimate Resistance of the Raling for a Single-Span Falure

Mode a & End Sechon or Joint (kap)
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SUBJECT. MnDOT One-Line Barrier
Fignre 5-397.102
MASH Complismce Assessment

(3b) Ultimate Resistance of the ing 2 @ Fnd Section or Joint for a Two Span Faillure Mode: R, 4
e L, e L, g
[ p P,
é ' ; ; ' Concrete : :
S : : : Post (Typ.) i :

------ .

\ Concrete

Rail

aa |

Fgure Sh Two-Span Faikire Mode i Post-and-Baom Raifings at an Bnd Saction or Joint

PP = 34247 kip
M]J = 36.728 kip -ft

Lp=1l]ft

PP-SLP+ MP

= 53207 kip
2L,

Roend =

Dsing AASHTO Section 13: Ny=2
N3
Z-MP + ZPP-LP- Z i
i=1
Ry pend = - 59.119 kip
Ny L, - Ly

Re2end = M (Ryeng. Roa eng) = 53207 kip

Post Strength (ap)

Fleura Capacity of d] Rals (lap-f)

Post Spanng (ft)

Ultmate Resistance of the Raling for a Ten-Span Falure Mode at an
End Section or Joint Jap)

Ultimate Resistance of the Railing for a Two-Span Falure Mode at an
End Section or Joint using AASHTO Egn. A13.3.2-3 (lap)

Critical Ultimate Reststance of the Raling for a Two-Span Falure Mode
a an End Section or Joint (kip)
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= Texas A&M SUBJECT MnDOT One-Line Barrier

4= Trapsportation Figire 5-397.102
i MASH Complismce A eni
‘ Institute amplizmce Assessm

(5) Strength Analysis ofthe Barrier at an End Section or Joint-Summary of Results:

i1 pnd = 3792 Kp Critical Ultmate Resistance of the Raling for a Single-Span Falure
5 Mode & an End Section or Jaoint (kap)

= 53.207 L ritical Ultirnate Resistance of the Raling for a Two-Span Falure Mode
Rig end p Critical Ul Re: fthe Raling for a Two-Span Falure Mod

’ at an End Section or Joint dap)
Remd = min(er end - Fr2 end) = 37.92 kip Total Ultimate Resistance of the raling at an End Section or Joint (3w, (kip)

Mote: The total Ultimate Resistance of the raling 1s the critical span falure
mode (e, the minimum vdue of Fylapd & Fyend)

¥har = 27-25in Height of the Resultant Force of all Rails measured from the top of
ar :
the roadway surfacefoverlay (in)

He = 19-in Height of Equivalent Transverse Load
Fi= 71 kip Transverse Impact Force

Yhar E . . ” . . .
RRenl:l - erd. {H_BJ = 54385 kip Totdl Ultimate Resistance of the raling at an End Section or Joint @ H, (lap)
Structural Capacity of Barrier at End Section_Check = |"OK" if Rp. 4= F

"NOT OK™  otherwise

Structural Capacity _of Barrier at Fnd Section Check = "NOT QK"
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= Texas A&M SUBJECT MnDOT One-Line Barrier

< Transportation Figure 5-397.102
‘ Institute MASH Complimnce Assessment

(6) Strength Analysis ofthe Seperate End Post:

(6a) Bending Capacity of the End Post about the L 'mdindAXis:Mspm

M spancl
_,*—’

FAgure 6a. Mexwal Srength Analysis afthe Bnd Post abot the Longitudinal Axs.

Hgp st = 35in Height of the end post messured from the top of the roadwayfsurface (in)

bspl:lst:= 18in Width of the end post (in)

Al.spust = 1.56i112 Area of one vertical reinforcement leg in the tension zone in the end post (in?)

Nohost ™ 2 Mutnber of wertical reinforcement in the end post (in)
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= Texas A&M SUBJECT MnDOT One Line Barrier
Transportation Figire 5-397.102
‘ Institute MASH Compliance Assessment

(6a-conti,) Bending Capacity of the Fnd Post ahout the L ongitudinal Axis: M, .,

e ; ; ; ; :
As‘pust: nspust'Al.spust = 3.12-in Total Areaof vertical reinforment in the tension zone of the end post (in)

-,
A gpost = _Swotly i Depth of the Whitney Stress Block (in.)
U'Ss'f'l:'bspust

= 11.5in Eztreme distance of tension deck anchorage verti cal reinforcement in the end post (in.)

Flesural Capacity of the End Post ahout the

a
spost :
] = 108.996 kip ft Longitudinal Asds(lip-f)

Ms.pust = Aslmst'fy'[':lspost o
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SUBJECT NMnDOT One-Line Barrier
Figire 5-397.102
MASH Complismce Assessment

(6) Stren gth Analysis ofthe End Post-Summary of Results:

Mg 5 st = 108996 Kip ft

Spo

s.post

Rs.post =

Fy- 71 kip

Structural Capacity of End Post Check = [

- 68.84 kip

"NOT OK"

Height of the Transverse Impact Force, Fyin)

Flesural Resistance of the End Post shout the Longitudinal
Az when considenng the cnticd remforcment (e-fiH)

Structurd Caparity of the End Post located at H,, (ap)

Transverse Impact Force locded at H, (kip)

"OK"if Rs.postaFt

otherwise ]

Structural Capacity of End Post Check = "NOT OK"
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= TEX& s A&M SUBJECT MnDOT One-Line Bartier

- Fignre 5-397.102
‘ E}gg ?[5,?8 riation MASH Compliance Assessment

(7) Conclusions:
Minimum_Height_of_Barrier_Check - "OK"

Post_Sethack Criteria Check = "NOT OK"

Snag Potential Criteria_Check = "NOT OK"

Structural Capacity_of Barrier_Check = "NOT OK"

Structural Capacity of Barrier at End_Section Check = "NOT OK"

Structural Capacity_of End Post Check = "NOT OK"

The One-Line barrier on Figure 5-397.102 does not satisfy all
MASH T1--3 Criteria
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= Texas A&M SUBJECT MnDOT One-Line

- Bridge No. 70802
Transportation ;
- MASH Complizmce Assessment
Al Institute .

(1) General Information and Inputs:

1) Eeference: 4 ASHTO WA SH Conditions.

2) Asszessthe adequacy of the bamer based on AASHTOLERFD Zection 13 critena.

(1a) General Inputs:
f' ;= 4000-psi Corrpressive Strength of Concrete (pei)
fy = d0ksi Yield Strength of Concrete Reinforcing Steel, (est)
E:= 29000ksi Wodulus of Elasticity of Steel (i)
H,, = 3825in Height of the concrete barrer measured from the top of the roadway
surfacefoverlay to the top of the highest rail (in)
t, = Oin Thickness of overlay (in.)
hy, = H + t, = 3825 in Totdl height of the barrier () Cer
——
(1b) Concrete Rail Inputs: ® a
b = ldin Width of the Concrete Rail (in.)
b Cr ® e
s Total area of the reinforcement bars acting
= 2.4in
Ber in tension in the Concrete Ral (n2)
o S
d,. = Gin Distance from the compression face of the Concrete -
Rail to the tension reinforcement bars (in) P 1t PR Vi Shoving
Conerete Rl Inpuits

¥ = 3lin Height of the Concrete Ral measured from the top of the roadway

sutrface’overl g7 to the centroid of the rail (i)
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= Texas A&M SUBJECT. MnDOT One-Line
< Transportation Bridge No. 70802
‘ Institute MASH Complimnce Assessment

(1c) Concrete Post Inputs:

bp = 1din Width of Concrete Post (in)
) L2 . i o
A]J = 2.37in Areaof Concrete Post ranforcement acting in tension (ind)
d'p = T5in Distance from the compression face of the Concrete Post to the

tension reinforcement bars (in.)

hypp = 10in Height of curb (in)

L_ = 10ft Spacing of Conerete Posts (f)

A

L,

. 4

NN

L]

L]
p_.]
m
=
]
5
(=]
=]
<
1]
on |
.
0
B,
~
2]
b |
e

.‘/

L]

L__D- -

| |
e b, N
Concrete \ Concrete

Post (Typ.) Rail

Y,
e

Pgure Ic. Plan View af a Concrete Post-and-Beam Reiling showing Concrete Post Inpuls
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= Jexas A&M SUBJECT:. MnDOT One Line On
Transportation Bridge No. 70802

7 ]
‘ Institute MASH TL-3 Compliance Assessm ent

(1c) Design Force Inputs:

Design Forces for Traffic Ralings

Test Lewl | Rail Height gn) | R gcp) | F@dp) | Rodp | wle@s | Lo | Boan) | Hum o
TL-1 18 arahaove 13:5 45 4.5 4.0 18.0 18.0 18.0
TL-2 18 orahove 270 a0 4.5 4.0 18.0 200 18.0
TL-3 29 or above TL0 15.0 4.5 4.0 18.0 150 280
TL-4 (a) 36 650 220 38.0 4.0 18.0 250 36.0
TL-4 (b [between 36 and 42 a0.0 270 220 50 18.0 300 36.0
TL-S (a) 42 160.0 41.0 &0.0 10.0 40.0 350 42.0
TL-S () greater than 42 262.0 750 160.0 10.0 40.0 430 42.0
TL & 175.0 48.0 &0.0 a0 40.0 6.0 0.0
References:

o TL-1and TL-2 Design Forces are from A AZHTO LEFD Zection 13 Table 813 .2-1

& TL-3Desgn Forces are from research conducted under NCHE P Project 20407 Task 295

o TL-4(a), TL4 (b), TL-5 (&), and TL-5 (b) Design Forces are from research conducted under
MNCHEP Project 22-20{2)

Tl

Fy:= 7lkip

Ly = 4ft

Hg = 1%n
Hypin = 29in
H,, = 38.25.in

Test Level

Transwverse [trpact Force

Longitudinal Length of Distribution of Impact Force

Height of Equivdent Tansverse Load

Minitrm height of a MASH TL-3 barmer (n)

Height of the concrete barn er measured fromthe top of the moadway surfacefoverlay to the top
of the highest rail (in)
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= Jexas A&M SUBJECT. MuDOT One-Line
4N Transportation Bridge No. 70802
‘ Institute MASH TL-3 Complismce Assessment

(2) Stability Criteria;

H, i = 29n Miratrmrn height of a MLASH TL-3 barrier (in)

H, = 3825.in Height of the concrete barrier messurad from the top of the ro adway surfaceoverd & to the top
of the highest rail (in)

Minimum_Height of Barrier Check = |"OK" if H >H .

"NOT OKAY" otherwise

Minimum_Height_of Barrier_Check = "0OK"
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= Jexas A&M SUBJECT: MnDOT One-Line
4 Transportation Bridge No. 70802
‘ Institute MASH Compliance Assessment

(3) Geometric Criteria:
Spost = 4.5in Post Setback (in.) ]
Note: Denoted as "5" in figure below.
G, == 1din Veatical Clear Opening (in.)
ZA:= 24in Total Rail Contact Width (in.)
H, = 3825-in Total height of the bridge rail measured from the top of the roadway surface/overlay (in.)

L8y
]

—_
=
|

wn
i

C = VERTICAL CLEAR OPENING (in)’

Note: Denoted as "H" in figure below:

HIGH POTENTIAL

N T T % <
Bridge railz in this area N
have met NCHRP 230 safety

O evaluation guidelines, O !
PREFERRED Beam
or A
LOW POTENTIAL Rail
s .

D,IRAILS i ¢,

Post —= i

—s '
L 5 CONCRETE
o RAIL

0 2 4 6 8 10 12

S = POST SETBACK DISTANCE (in)

Figure A13.1.1-2—Potential for Wheel, Bumper, orr Hood
Impact with Post
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Z Jexas A&GM
Transportation

Al |nstitute
(3-conti.) Geometric Criteria:

S 4.5.in DA=241in

post =

Setipe=(0 123456 7809 10)

SUBJECT. MnDOT One-Line
Bridge No. 70802
MASH Complimnce Assessment

H, = 38.25in

Setlow.y: (0.75 063 052 04 0315 028 027 026 025 0245 0.245)

Sety,x= (25 3 4 5 6 78 9 10)

Setup.y:: (08 0.725 0.6 0.5 046 044 D43 0425 042)

A

—_0.627
HW

raﬁ"EAH =

Lower Boundary for Post Sethack Critena
% and ¥ coordinates

Upper Boundary for Post Sethads Criteria
% and ¥ coordinaes

S
._ _post . .
Setsys.x im T =d4.5 Post Setbadk ral geometric point
Setsys.y = ratiog 5 ¢y = 0.627 Ratio of Contad Wadth to Totd Height rail genmetric point
Post Setback Criteria
0.8
Lower Bound

i Preferred | Upper Bound
% ; ©#¢ Rail Geomelrics
&
o T0.6
% SEtlmv.y
= T
= Sety. 05
T o
s _y
E oot 0.4
o
z

0.3

Not Recommended
0.2
0 1 2 4 s 6 7 8 9 10
T T
Setluw.x ’S%x Se‘sysx
Post Setback Distance (in.)
. Region Designat on
NotRecommended = 1 Marginal = 2 Prefarred = 3

Mote Maranal region 15 between Lower and Upper Bounds

Post_Sethack_Criteria_Rail_Geometric_Point .= Preferred
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= Texas AGM SUBJECT MnDOT One-Line

Transportation Bridge No. 70802
‘ Institute MASH Complimce Assessment
(3-conti.) Geometric Criteria:
snagy, = (0 3 13) Lower Boundary for Snag Potential Criteria

xzand y coordinates
snag gy = (10 12 12)

snagyp = (0 125 425 525 13) Upper Boundary for Snag Potential Criteria

cets 13 A% IS5 S xand v coordinates
snag,, = { 3

Spust

Ay T o 4.5 Post Sethack ral geometric point
: 5 Vertical Clear Opening rail geometric point
My sy ™ 14 cal Clear Opening rail geametric poind
Snag Potential
18]
High Snag Potential
5 16
o ¥ 14 °,
Q' ——
o T
g Ty
(@] Sagoes v 12
E eoe
5 Lower Bound
e 10
: — Upper B ound
Low Snag Potential 666 Rail Geometrics
o
0 5 10 15
T T
M8y x My x - Mgye
Post Setback Distance (in.)

. o . L Fegion Designation
Highinaphotantal: ol Margmal = 2 LowSnagPotential = 3 Note: Marginal region is between Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point (= HighSnagP otential
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= Texas A&M SUBJECT MnDOT One Line

7~ . Bridge No. 70802
‘ Tra n_SpO riation MASH Compliance Assessment
Institute

(3) Geometric Criteria - Summary of Resulis:

Post_Sethack Criteria_Check = | "OK" if Post Setback Criteria_Rail Geometric_Point = Preferred

"NOT OK'"  otherwise
Post_Sethack Criteria_Check = "OK"
Snag Potential Criteria Check = | "OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential

"NOT OK" otherwise

Snag Potential Criteria_Check = "NOT OK"
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Transportation

A |nstitute

SUBJECT MnDOT One-Line
Bridge No. 70802
MASH TL-3 Complismce Assessment

(4) LRFD Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

{4a) Flexural Capacity of the Concrete Rail: V..

fy=4[I-ksi
F.=4kd

b = 14-in

AL =24in

Acr'fy

an,. T
0.85F by

= 2.017in

p Aer .
M. = Acr'fy' Ao - T = 32933 kip ft

Yo = 3Lin

Fhar = ¥er = 31in

Tield Strength of Concrete Renforcing Steel, (lat)

Concrete Compressive Strength

“Width of the Concrete Ral (in )

Total area of the remforcement bars acting
in tension in the Concrete Ral (nd)

Distance from the compression face of the Concrete Rail to the
tension reinforcement bars (in.)

Whitney Stress Blodk Depth (in)

Fleqrad Capacity of the Concrete Ral Jap-f)

Height of the Concrete Ral measured fromthe top of the moadway
surfaceoverl a7 to the centroid of the ral {in )

Height of the Resultant Force of all Rails measured fromthe top of
the roadway surfacefoverlay (in)
Note: P = ey, sitfice the only ral s the concrete rail
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= Jexas A&M

AN Transportation
Al [nstitute

(4b) Post Sirengih: P,

fy=4[I-ksi
F.o=4kd

by = 14:in

Ap = 2.37-i112
d'P= 7.5 in

s
a_ =
P oossren,

= 1992 .in

Mpost = Ap'fy-[ﬂp = az—p] - 51383 -kip it

Yhar = 31-in

SUBJECT MnDOT One-Line
Bridge No. 70802
MASH TL-3 Compliance Assessment

Yield Strength of Conorete Reinforcing Steel (lesi)

Conerete Compressive Strength

WAdth of Concrete Post (in.)

Area of Conerete Post reinforcement ating in tension (1n2)

Distance from the compression face of the Conerete Post to the
tension remnforcement bars (in.)

Whitney Stress Block Depth (in)

Flexwral Capanty of the Concrete Post (kip-ft)

Height of the Resultant Force of d1 Rails measured from the top of
the roadway surfare/owverlay (n)

Height of cutb ()

Heght measured from the bottom of the Concrete Post to the Resultant
Force of all Rails {in)

Post Strength (ap)
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= Jexas A&M SUBJECT MnDOT One Line

Transportation Bridge No. 70802
A [nstitute MASH TL-3 Compliamce Assessment
(4c) Ultim:ate Resistance (Nominal Resistance) of the Railing for a Single- Span Failure Mode: Ry
L

Frgure dc. Single-Span Fuilure Mode for Posi-and-Bawm Failing

Pp = 29.362 kip Post Strength (lap)
Np=1 Mutmber of Falure Spans
M.p:= M, = 39.933 kip ft Flexural Capacity of all Rails (kip-ft)

Mate Mp = M, since the only ral iz the concrete rail

L. =10ft Post Spacing (ft)
Note Ly =L in Figurede.

Ly=4ft Longitudinal Length of Distnbution of the Impact Force

16- + [Ny - 1) [Ny+ 1P, L
Ry = Mp ( 1 )( L ) L = 30033 kip Ultimate Resistance of the Raling for a Single-Span

2-N;- LlJ - L Failure Mode (lap)
-Egn A133.2-1
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= Texas A&M SUBJECT. MnDOT One-Line

Transportation

A [nstitute

Bridge No. 70802
MASH TL-3 Compliamce Assessment

(4d) Ultimate Resistance (Nominal Resistance) of the Railingfor a Tvwo-Span Failure Mode: R,

Py = 29.362 kip

Ny =2

M.lJ = 30.933 kip -ft

L, - 10-ft

Lo=dft

R, - 16-M, + Ny Py
2Ny Ly~ Ly

Figure #f Fwo-Spae Failvre Maode jor Post-andBeam Felings

Post Strength (kap)

Murrber of Falure Spans

Flexural Capacity of all Rals {ap-ft)

Post Spacing (&)
Note: L, = Lin Figure4d.

Longtudinal Length of Distribution of the Impact Force

= 50.372 kip Ultimate Resistance of the Raling for a Two-Span Failure

Mode (lap)
-Egn A133.2-2
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Z Jexas ASM
Transportation

A [nstitute

SUBJECT MnDOT One Line

Bridge No. 70802
MASH TL-3 Complimmce Assessment

Uliimaie Resistance (Nominal Resistance) of the Railingfor aThree Span Faihmre Mode: R,

»

SL

R

f MpC _)“"'plF>p

i

Figure de. Thrae-Span Fadlere Mode fir Post-avid-Becm Redlings

P, - 29.362 kip

Ny=3

My, = 39933-1dp-ft

L =101t

L= 4t

_16My (N3 - 1) (N + 1)'Pp'1‘p —
Ra= 2Ny Ly - Ly B

Post Strength ap)

Mumber of Falure Spans

Flesural Capaaty of &l Rals (ap-i)

Post Sparing (ft)
Note L,= Lin Figure 42

Longitudingd Length of Distribution of the Impact Force

Ultimae Resistance of the Railing for a Three-Span Falure

Wode (kip)
-Eqn A13.3.2-1
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A [nstitute

(4f) Ultimate Resistamce (Nominal Resistzmce) of the

SUBJECT. MnDOT One-Line

Bridge No. 70802
MASH TL-3 Compliance Assessment

PP = 19.362 kip L = 10ft

Ry =

= 80.06 kip
2.NsL,- Ly
16 M, + N 2p L
8 P P_g511p
2-NgLp~Lg
M+ (N7 - 1)-(Ny+ 1) Py L,y 108378 Kp

16-M,, + NSZ-PP-LP

2Ny Ly~ Ly

= 124554 kip
2.NgLp- Ly

for a4 835pan Failure Mode: R, - Rg

M.p=39.933-1dp-ft L, = 4ft

N7:= 7 N8:= 8

Ultimate Resistance of the Railing for a Four-Span Falure

Mode (kip)
-Egn A1332-2

Ultimae Resistance of the Railing for a Five-Span Falure

Wode (kip)
-Eqn A13.3.2-1

Ultimae Resistance of the Railing for a Six-Span Falure

Wode (kip)
-Eqn A13.3.2-2

Ultimae Resistance of the Raling for a Seven-Span Falure

Made (lap)
-Eqn A1332-1

Ultimae Resistance of the Railing for a Eight-Span Falure

Wode (kip)
-Eqn A13.3.2-2




i Jexas A&M _
Transportation

A [nsiitute

(4) LRED Str

R,:= rrﬂn(Rl,Rz,RS,R4,R5,Rﬁ,R7,R3)= 30.933 kip

H, = 19in

Fpar = 3Lin

F = 71 kip

Structural Capacity of Barrier Check = ["OK"

"NOT OK

Analvsis of the Barier per AASHTO Section 13

SUBJECT. MnDOT One-Line
Bridge No. 70802
MASH TL-3 Complizmce Assessm ent

ecifications - Suumm: of Results:

Totd Ultimate Resistance of the raling (@ W (ip)
Mot The total Uamate Resstance of the raling iz the criteal

span failure mode (1 e, the miniroum value of Ry - Rg)

Height of Equivalent Transverse Loal

Height of the Resultant Force of d1 Rails measured from the top of
the roadway surface/overlay (in)

Transwverse [mpact Force

Totd Ultimate Resistance of the raling @ H, (kip)

if Rg2F,

otherwise

Structural_Capacity_of Barrier Check = "NOT OK"
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= Texas A&M SUBIECT MnDOT One-Line

s - Bridge No. 70802
‘ Tra "_SpO riation MASH TL-3 Complismce Assessment
Institute
(5) Strength Analvsis ofthe Barrier at an End Section or Joint:
(3a) Ultimate Resistance of the ingat an Fnd Section or Joint for a Singe-Span Failure Vode: Ry, 4

1} r

‘.‘. ]_” " P

x Concrete _/" '

MY

Post (Typ.) t_._.J
\_ * |
Concrete
Rail |F'
L L| e

Fgure Sa. Single-Shan Fuilure Mode for Post-and-Beam Railings at an Bnd Section or Joint

Pp = 203462 kip Post Strength (ap)
M]J = 39.933 kip ft Fleura Capacity of 41 Rals (ap-f)
LlJ = 10ft Post Spaang (ft)
Rmdi= Pp+ & = 33.355.kip Ultumate Resistance of the Ralling for a Single-Span Fallure Mode & an
X p End Section or Joint (ap)
Using the Approach from AASHTO Section 13: Nl = |
N
2. l\ﬂ.p + ZPP-LP- Z i
) ) i=1 i Ultvmate Resistance of the Railing for a Single-Span Failure Mode & an
1A.end = 2N, Lp ol =y End Section or Joint using A4 SHTO Egn. 413.3.2-3 (lap)
R.] eng = Min (Rlend’ Ry md) = 33.355 kip Critical Ultimiate Resistance of the Raling for a Single-Span Falure

Mode a & End Section or Joint (Jap)
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= Jexas A&M SUBJECT. MnDOT One-Line

- Bridge No. 70802
‘ Eg;}?[e[%ﬂauan MAdgl TL-3 Complilmce Assessment
(Sb) Ultimaie Resistamce of the ing a :n Fnd Section or Joini for a Two-Span Failure Mode: Ry,
¢ § % bie E, >
P, lp=
.
< H ' H T : T T
< ' ; ] ' Concrete ' '
S i Post (Typ.) i
g e A e T
4 * 3
M, \__ Concrete
Rail I3
“—L,
Fgure 5h Two-Span Fahure Mbde Br Post-and-Bawn Railings at an Fnd Saction or it
PP = 203462 kip Post Strength (ap)
Mp = 39.933 kip ft Flemural Capaity of dl Rails (kip-f)
L]J = 10ft Post Spadng ()
PP-SLP + Nl.p
= = 46039 ki Ultirnate Resistance of the Raling for a Two-Span Falure Mode at an
RZmd P
ZLD End Section or Joint (ap)
Using AASHTO Section 13: Ny=2
Ny
Z-IVIP + ZPP-LP- Z i
] i=1 i Ultimate Resi stance of the Raling for a Two-Span Falure Mode at an
Ry aend = 2Ny L L, = 51.155-kip End Section or Joint using AASHTO Eqn. A13.3.2-3 (kip)
‘= min ; = 46.039 ki] Critical Ultirmate Resistance of the Raling for a Two-Span Falure Mode

B2 end Rrend - F2.4.end p

aran End Section or Jomt (lap)
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Transportation

A |nstitute

SUBJECT MnDOT One-Line
Bridge No. 70802

MASH TL-3 Compliance Assessment

(5) Strength Analvsis of the Barrier at an End Section or Joint-Summary of Results:

Rp1.end = 33-355 kip

Ry2.eng = 96-059 kip

Ryend = WN(Ry1 end - Re2,ena) = 33355 kip

¥har = 3Lin
H, = 19in

F = 71-kip

Fhar .
Rpmd = Frend’ {H—J = 54.421 ldp
e

Critical Ultimate Resistance of the Raling for a Single-Span Falure
Mode & an End Section or Jomnt (lap)

Critical Ultimate Resistance of the Raling for a Two-Span Failure Mode
atan End Section or Jount (lap)

Total Ultimate Resistance of the raling at s End Section or Joint @ ¥y ddp)

Mote The totd Ultimate Resistaice of theraling is the aitical span falure
mode (1e, the minrmm value 0f By opq & Bggg)

Height of the Resultant Force of all Rals messured from the top of
the roadway surfacefoveday (in.)

Height of Equivd ent Transverse Load

Transverse Itnpact Force

Total Ultimate Resistance of the raling at s End Section or Joint @ H, (kip)

Structural Capacity_of Barrier at End_Section Check = | "OK" if RRmd = Ft

"NOT OK" otherwise

Structural Capacity_of Barrier at End Section Check = "NOT OK"
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Z Jexas A&GM SUBJECT MnDOT One Line
Transportation Bridge No. 70802
‘ Institute MASH TL-3 Compliamce Assessment

(7) Conclusions:

Minimum_Height_of Barrier Check = "0OK"

Post_Sethack Criteria Check = "OK"

Snag Potential Criteria_Check = "NOT OK"

Structural Capacity_of Barrier Check = "NOT OK"'

Structural Capacity_of Barrier at End Section Check = "NOT OK"

The One Line barrier on Bridge No. 70802 does not satisiv all
MASH TL-3 Criteria
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APPENDIX C3: ONE-LINE BRIDGE RAIL ON BRIDGE NO. 21809
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= Texas A&M SUBJECT MnDOT One Line

= Bridge No. 21809
‘ Tmn_s‘u ortation MASH Compliamce Assessment
Institute
(1) General Information and Inputs:
13 Eeference: A ASHTO WA SH Conditions.
2y Assessthe adequacy of the bamer based on AASHTO LEFD Section 13 critena.
(1a) General Inputs:
f', == 4000.psi Cotrpressive Strength of Conorete (psi)
fy = 40ksi Yield Strength of Concrete Reinforcing Steel, dest)
E = 29000ksi Modulus of Hlasticity of Steel (lesi)
H,, = 3825in Height of the concrete barmer measured from the top of the roadweay
surfacefoverlay to the top of the highest rail (in)
t, = Din Thickness of overlay (n)
o
h, = Hg + t; = 38.25in Total hetght of the barner (n)
1T
(1b) Concrete Rail Inputs: a
by == ldin Width of the Concrete Ral (in.)
bcr ® L
e Total area of the reinforcement bars acting
Agp = 1760 in tension in the Concrete Ral (in2)
5
dg. = 7in Distance from the compression face of the
Concrete Ral to the tension reinforcement bars Fgure 1h Profle View showing
(i) Chrarrete Rl Tpuits
¥ = 3lin Height of the Concrete Ral measured from the top of the roadweay

surfaceovel g to the centroid of theral {in)
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- Texas A&M SUBIECT: MnDOT One-Line

7 | = Bridge No. 21809
‘ ergfu‘ t ertatmn MASH Complizmce Assessment
(1c) Concrete Post Tnputs:
bp = 1din Width of Concrete Post (in)
A]J = 2_3‘?i_112 Areaof Concrete Post reinforcement acting in tension (in)
d‘p = 85in Crstance from the compression face of the Concrete Post to the
tenusion reinforcement bars {in.)
heyrp = 10in Heightof airb (in.)
L’p = 10ft + lin = 10083 ft Spacing of Concrete Posts (f)
g

{ . j . F
< X Tension Vertical Reinf. ' ;
:; E - - E \\':’. - E__C[E‘
A [
\_ b b, ]
Concrete Concrete
Post (Typ.) Rail

Fgre I, Flan Vew of @ Concrele Post-and-Beam Failing showing Concrete Post Inputs
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= Jexas A&M SUBJECT MnDOT One-Line

< Transportation Bridge No. 21809
‘ Institute MASH TL-3 Complizmce Assessment

(1c) Design Force Inputs:

Design Forces for Tiraffic Ralings
Test Level | Rail Height @in) | R &kip) | Fqkip | Bip | Wwiogg | Iedo He (in) | Huin (in)
TL-1 13 or ahove 135 4.5 4.5 4.0 15.0 13.0 13.0
TL-2 13 or above 270 9.0 45 4.0 15.0 200 18.0
TL-3 29 or above 710 18.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 6z.0 22.0 38.0 4.0 15.0 250 36.0
TL4 () |between 36 and 42 30.0 Zra 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 42.0
TL-5 () greater than 42 262.0 750 1a0.0 10.0 40.0 43.0 42.0
TL G 1750 58.0 30.0 3.0 40.0 56.0 a0.0
Eeferences:

® TL-1and TL-2 Design Forces are from AASHTO LEFD Section 13 Table A13.2-1

® TL-3Desgn Forces are from research condu cted under NCHEP Project 2007 Task 395

o TL-4{a), TL<4 (b3, TL-S5 (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHEP Project 22-20(2)

TL:=3 Test Lewel

Fy = 7lkip Transverse Impact Force

L= 4ft Longitudingl Length of Distribution of Impact Force

H, = 1%n Height of Equivd ent Tansverse Load

H, i i= 20in Minitrm height of a MASH TL-3 barnier (in)

Hy = 3825 in Height of the conarete barner measured fromthe top of the roadway surface/overlay to the top
of the highest rail (in)
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= _,'[exas ASM SUBJECT. MnDOT One Line
ransportation Bridge No. 21509
‘ ’nstﬂ{j}[qe MASH TL-3 Complimnce Assessment

(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)

Hw - 3825 .in Heght of the concrete bamier mesured from the top of the roadway surface/overd a7 to the top
ofthehighest rail (n)

Minimum_Height_of Barrier Check = |"OK" if H_ 2 H ;.

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"
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Transportation

/‘-‘ Texas A&GM

(3) Geometric

spost = 3.5in

G}, = 14in
TA = Min

H, = 3825-in

o
J

I

10

C = VERTICAL CLEAR OPENING (in)

Criteria:

Institute

Post Setback (in.)

Note: Denoted as "S" in figure bel ow:

Vertical Clear Opening (in.)

Total Rail Contact Width (in.)

SUBJECT: MnDOT One-Line
Bridge No. 21809
MASH Compliance Assessment

Total height of the bridge rail measured from the top of the roadway surface/overlay (in.)
Note; Denoted as "H" in figure below:

HIGH POTENTIAL

Bridge rails in this areq
have met NCHRP 230 safety
evoluofion guidelines, NN

PREFERRED -

f—5

LOW POTENTIAL

D{ RAILS

C
5 o R
] s c
] - s o
O T & E errned ey
0 2 4 6 B 10 12

S = POST SETBACK DISTANCE (in)

Figure A13.1.1-2—Potential for Wheel, Bumper, or Hood
Tmpact with Post

Beam !

or
Rall

Post —=

Cy

+

CONCRETE
RAIL
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= Texas A&M

SUBIECT MnDOT One-Line

Transportation Bridge No. 21309
‘ Institute MASH Complizmce Assessment
(3-conti.) Geometric Criteria:
Slmst = 35in BA=-241in H, = 3825 .in ratiog s g7 = 2 = 0.627

Setwx=(0 1 2 3456 789 10)

% and v coordinates

Setlow_y:= (0.75 063 052 04 0315 028 027 026 025 0245 0.245)

Setypx= (25 3 4 56 78 9 10)
Setypy = (08 0725 06 05 046 0.44 043 0425 042)

Setorsy

i= ratioEAH = 0.627

% ad v coordinges

Post Sethadk rail genmetric point

Rato of Contact Width to Totd Height rail geometric point

Hy

Lower Bounday for Post Sethack Critena

Upper Boundary for Post Sethack Criteria

Rail Contact Width to Height

{7

L ]
s X
7

0.8

0.7

4

=
in

b
o
N

0.3

Post Setback Criteria

— Lower Bound

Prefared | Upper Bound

@ @®% Rail Geometrics

Not Recormmended

T T
Setyow x ’S%x Se‘sysx

Post Setback Distance (in.)

10

NotRecommended = 1

Region Designation

Marginal := 2 Prefared = 3

Post_Setback_Criteria_Rail Geometric_Point .= Marginal

Note MMaranal region is hetween Lower and Upper Bounds
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Z Jexas A&GM
Transportation

A Institute

(3-conti.) Geometric Criteria:

smag .= (0 3 13)

snagygy = (10 12 12)

snagyp x = (0 125 425 525 13)

snagy, .= (10 13 13 15 1s)

8

SUBJECT. MnDOT One-Line
Bridge No. 21309
MASH ComplizImce Assessment

Lower Boundary for Snag Potential Criteria
% and ¥ coordinates

Upper Boundary for Snag Potential Criteria
x and ¥ coordinates

smage = %St =35 Post Sethadk rail genmetric point
snag - & =14 Vertical Clear Opening rail geometric point
T8 in
Snag Potential

18

17 High Snag Potential
5 16
g
T Mony 14 ¢
Q' —
o T
§ snagy, o 13
5 magsys_y 12
T o0
e 11
E 10 Lower Bound

. —— Upper Bound
9 Low Snag Potential @ Rail Geometrics
°0 3 6 9 12 15
T T
My x - Myp x Mgy x
Post Setback Distance (in.)

HighSnagPotential .= 1 Marginal = 2 LowSna,

. Region Designation
gPotential = 3 Mote; WMarginal region is betwesn Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point := HighSnagP otential
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= Texas A&M SUBJECT. MnDOT One Line
Transportation Bridge No. 21809
‘ Institute MASH Compliszmce Assessment

(3) Geometric Criteria - Summary of Results:

Post_Sethack Criteria_Check = | "OK" if Post Setback Criteria Rail Geometric_Point = Preferred

"NOT OK"  otherwise

Post_Sethack Criteria_Check = "NOT OK"

Snag Potential Criteria_Check .= | "OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential
"NOT OK"  otherwise

Snag Potential Criteria Check = "NOT OK"
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= Texas A&M SUBJECT. MnDOT One-Line
4N Transportation Bridge No. 21809
A |nstitute MASH TL-3 Complismce Assessment

() LRF¥D Strength Analysis of the Barrier per AASHTO Section 13 Specifications:

(4a) Flexural Capacity of the Concrete Rail: V..

fy = 40 ksi Yield Strength of Conerete Ranforcing Steel, (k)
fo=dkd Concrete Compressive Strength
b = ldin WAdth of the Concrete Ral (in.)
L7651 2 Total area of the reinforcement bars acting
B <R s R R R
d_ = 7in Distance from the compression face of the Concrete Rail to the
o

tension reinforcement bars (in.)

1
ag. = ﬂ = 1.479.in Whitney Stress Blode Depth (in)
0850 b,
der . . o

Ml:r - Acr'fy' dl:r - T = 36.728 kip-ft Flemrd Capaity of the Concrete Ral Jap-f)

Yo = 3Lin Height of the Concrete Ral measured fromthe top of the roadway
surfacefoverd 7 to the centroid of the ral (in)

Fhar = ¥er= 31in Height of the Resultant Force of &l Rals measured from the top of

the roadway surfacefoverlay (in.)
Note: Wy =¥y, sincethe only ral is the concrete rail
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= Texas A&M

4N Transportation
Al [nstitute

(4h) Post Sirengfh: P,

fy=4I]-ksi
f.=dkd

b = 14.in
Ap = 2.37-in

ﬂ.p =85in

2y

pim T = 1992in
085 by

P

a
= £, - — | = 50.283 kip ft
Mpus = gy (1~ 2 - 5285
Fhar = 31-in

ey, = 1040

Fp= Ybar heyyp = 21in

= 33876 kip

SUBJECT MnDOT One-Line
Bridge No. 21309
MASH TL-3 Canpliznce Assessment

Yield Strength of Conorete Remnforcing Steel (le)

Concrete Compressive Strength

Wadth of Concrete Post {in.)

Area of Concrete Post reinforcement ading in tension (ind)

Distance from the compression face of the Concrete Post to the
tersion remforcement hars {in.)

Whitney Stress Block Depth (in)

Flesural Capanty of the Concrete Post (Jap-ff)

Heght of the Resultant Force of d1 Rails measured from the top of
the roadway surfare/overlay (n)

Height of curb (1)

Heght measured from the bottom of the Conerete Post to the Resultant
Force of all Rails {in)

Post Strength (ap)
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= Texas A&M SUBJECT MnDOT One-Line

Transportation Bridge No. 21809
‘ ’nsﬂ- tu le MASH TL-3 Canplizmnce Assessment
(4c) Ultimate Resistance (Nominal Resistance) of the Railing for a SingleSpan Failure Mode: Ry
L

Figure 9o Bingle-San Feilure Mbde for Post-and-Bagm Redling

PP = 33.876 kip Post Strength (lap)
Nyp=1 Mumber of Falure Spans
M'P ‘= M, = 36.728 kip ft Flestural Capacity of all Rails (kip-ft)

Hate Mp= M, since the only rail is the concrete rail

L, = 10.083 ft Post Spacing ()
Note Ly, =L in Figure 4c.

Li=4dft Longitudinal Length of Distnbution of the Impact Foree

16- + [Ny -1):[Ny+ 1)-P, L
MP ( 1 ) ( & ) L3 R 36.35 kip Ultimate Resistance of the Raling for a Single-Span
2'Nl'Lp_ Ly Faillure Mode (kip)
- Egn A133.2-1

o
i
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= Texas A&M SUBJECT MnDOT One Line
Transportation Bridge No.21809
A [nstitute MASH TL-3 Complimce Assessment

(4d) Ultimate Resistance (Nominal Resistamce) of the Railingfor a Two-Span Falhure Mode: R,

Figre 43 Fwo-Sparr Failfvre Made jor Post-and Beam Realings

P, = 33.876 kip Post Strength (kip)

Ny:=2 Mutrher of Falure Spans

Nlp = 36.728 kip ft Flestural Capacity of all Rals (ap-ft)
LlJ = 10.083 ft Post Spacing (ft.)

HNote; L, =L in Figure4d.

Longtudina Length of Distribution of the Impact Force

= 53.78 kip Ultirnate Eest stance of the Raling for a Two-Span Falure
p~ Lg Mode (lap)
-Egn 413322
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= Texas A&M
Transportation

R | otiiite

SUBJECT: MnDOT Ome-Line

Bridge No. 21809
MASH TL-3 Compliamce Assessment

(4¢) Ultimate Resistance (Nominal Resistance) of the Railingfor aThree Span Faihire Mode: R,

SL

-

F;D MpC _)Mplpp

R

i

Figure 4o, Thrae-Span Faikire Mode Br Post-and-Beam Failings

PlJ = 33.876 kip

Ny=3

My, = 36.728-kip-ft

Lp = 10.083 ft

Ly- 4.ft

LMy (N5 - 1) (N3 + 1) Py Ly - 867K
RS' 2-N3'Lp_Lt . '

Pzt Strength Jap)

Mutrber of Falure Spans

Flesmural Capanty of &l Rails (ip-ff)

Pzt Spacing ()
Mote: L, = Lin Figure 4e

Longitudind Length of Distribution of the Irpact Force

Ultnae Resistance of the Raling for a Three-Span Falure

Ilode (lap)
-Egqn A1332-1
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= _"[exas A&M SUBJECT MnDOT One-Line
4 Transportation Bridge No. 21809
‘ Insti t[e[(’)e MASH TL-3 Complizmce Assessment

(4 LRFD Strength Analysis of the Barier per AASHTO Section 13 Specifications - Summeary of Resulis:

R,.= mj_n(Rl Ry, RS) - 3635 kip Totd Ultimae Resistance of theraling @ w,,, Gdp)
Note: The total Ultimate Resistance of the railing is the criical
span falure mode (1.e, the minirmim value of Ry - Bg)

H,=1%in Height of Equivalent Transwerse Load

Yhar = 31in Height of the Resultant Force of d] Rails measured from the top of
the roalway surface/overlay (in)

Fy= T1-ldp Transverse Impact Force

¥
RR - R‘r{ :[arJ = 50,307 kip Totd Ultirnae Resistance of the raling @ H, (kip)
e
Structural _Capacity_of Barrier Check := J"OK" if Rp = F

"NOT OK"  otherwise

Structural_Capacity_of Barrier Check = "NOT QK"
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= Texas A&M

4 Transportation
Al |nstitute

SUBJECT. MnDOT One-Line
Bridge No. 21309
MASH TL-3 Complimce Assessment

(5) Strength Analysis ofthe Barrier at an End Section or Joint:

(3a) Ultimate Resistamce of the inga an Fnd Section or Joint forr a Single-Span Failure Mode: Ry, 4

L, uf "

ﬁ

Concrete _/,' E

Post (Typ.)

h b
M, _ A
Concrete

Rail |F.

-] —»

Flgure Sa Single-Span Fiilure Made i Past-ed-Baam Fealings at an Ewd Section or Joirt

Py = 33876 kip

My, = 36.728 Lip. ft

Lp = 10.083 ft

Ryend = Pp + L& - 37.510 kip
P

Using the Approach from AASHT O Section 13:

Ny
2My - 2Py Ly 37
juy
R = - 46802 Lip
14end
2N L, - Ly

Ry1.end = Min(Ryeng, Ry A end) = 37519 kip

Post Strength (lap)

Flesturd Capacity of dll Rals dap-f)

Post Spacing ()

Ultimate Resistance of the Raling for a Single-Span Failure Mode at an
End Section or Joint (kip)

Ny =1

Ultirnate Besistance of the Raling for a Single-Span Falure Mode at an
End Section or Joint using A4 SHTD Egn. 413.3.2-3 (lap)

Critical Ultimate Resistance of the Raling for a Single-Span Falwre
Iode & an End Section or Joint (kip)
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= Jexas A&M SUBJECT. MnDOT One-Line

Transportation Bridge No. 21509
A [nstitute MASH TL-3Compliznce Assessment
(3b) Ultimate Resistance of the ing a @ End Section or Joint for a Two-Span Faillure Mode: Ry, 4
e L; v L. -
P, P,
2 ; ; ; ' Concrete : :
2\ E E ' ; Post (Typ.) : :
¢ k """"""
3 * A
M, \__ Concrete
Rail I3
+—L,—*
Fgure Sh Two-Span Faikire Mide Bir Post-and-Baaom Reifings at an Bnd Saction or Joint
Pp = 33876 kip Post Strength ap)
M.p = 36.728 kip ft Fleura Capacity of dl Rals (lap-f)
Lp = 10083 ft Post Spaning (ft)
P, 3L, + M, _ _ " _
Fyond - Al R i L 52,635 Idp Ultimate Resistance of the Railing for a Ten-Span Failure Mode a an
ZLp End Section or Joint (ap)
Using AASHTO Section 13: Ny=2
Ny
2. IVIP + ZPP-LP- Z i
) Py i Ultinate Besistance of the Raling for a Two-Span Falure Mode at an
By send = 2N, L, L, = 5843 -kip End Section o Jaint using AASHTO Eqn A13.3 2-3 (kip)
‘— min - 52635 ki Critical Ultimate Resistance of the Raling for a Two-Span Falure Mode
Ry2end Foend- B2 end p

atan End Secton or Jomt (lap)
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= Texas A&M SUBJECT MnDOT One-Line

A Transportation Bridge No. 21809
‘ Institute MASH TL-3 Complisnce Assessment

(5) Strength Analysis ofthe Barrier atan End Section or Joint Summary of Results:

R.1 end = 37-519 kip Cntical Ulimate Resistance of the Raling for a Bingle-Span Falure
i Mode at an End Section or Joint ddp)

R9 and = 52.635 Kip Cntical Ultimate Resistance of the Raling for a Tiwo-Span Fallure Mode
i at an End Sedtion or Joint (kip)

Riend = min(l'\’rl end - Brz end) = 37.510 kip Totd Ultirnae Resistance of the raling at an End Section or Jont @, (kip)
Note: The total Ultimate Resistance of the raling 1s the crifical span failure
mode (.e., the rimrmim value of By g & Rge)

¥har = 3L-in Heaght of the Resultant Force of 41 Rals measured from the top of
the roadway surface/overlay (in)

Haght of Equivalent Transwverse Load

Fy= 71.kip Transverse Impact Force

¥
Rpond = Rrend{ Il;ar] = 61.215 kip Totd Ultitnae Resistance of the raling at an End Section or Jont @ H, (kip)
e
Structural Capacity of Barrier at End_Section Check = |"OK" if RRend e Ft

"NOT OK" otherwise

Structural Capacity _of Barrier_at End Section Check = "NOT OK"
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= Texas A&M SUBJECT MnDOT One Line
Transportation Bridge No. 21809
‘ ’ nsit itute MASH TL-3 Canpliznce Assessment

(7) Conclusions:

Minimum_Height of Barrier Check = "OK"

Post_Setback Criteria_Check = "NOT OK"

Snag Potential Criteria_Check = "NOT OK"

Structural Capacity_of Barrier Check = "NOT OK"

Structural Capacity_of Barrier at Fnd_Section Check = "NOT OK"

The One Line Barrier on Bridge No. 21809 does not satisfy
all MASH TIL-3 Criteria
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APPENDIX C4: ONE-LINE BRIDGE RAIL ON BRIDGE NO. 69834
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= Texas A&M SUBJECT: MnDOT One-Line

= Bridge No. 69834
TF'HHS] rtation MAng Complismce Assessment
Al Institute
(1) General Information and Inputs:
13 Eeference: A ASHTO WA SH Conditions.
2y Assessthe adequacy of the bamer based on AASHTO LEFD Section 13 critena.
(1a) General Inputs:
f', == 4000.psi Cotrpressive Strength of Conorete (psi)
fy = 40ksi Yield Strength of Concrete Reinforcing Steel, dest)
E = 29000ksi Modulus of Hlasticity of Steel (lesi)
H,, = 28in Height of the concrete barmer measured from the top of the roadweay
surfacefoverlay to the top of the highest rail (in)
t, = Oin Thickness of overlay {(n)
—dr—|
h, = Hy+ t, = 28in Total hetght of the barmer (n)
5 7
(1b) Concrete Rail Tnpits: 'ﬁ
b = 1din Wadth of the Concrete Rail {in.)
bCI’ ® @
— 1761 2 Total area of the reinforcernent bars acting
Agy = 1760 in tension in the Concrete Ral (n2)
g)
dg. = Tin Distance from the comapression face of the .
Concrete Ralto the tension reinforcement bars
(i) Fgure b Profle View showing
Concrete el fnputs
¥ = 21lin Height of the Concrete Ral measured from the top of the roadweay

surface’overl a7 to the centroid of the ral {in)
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- Texas A&M SUBJECT: MnDOT One Line

< Transportation Blo Mo
- MASH Complizmce Assessment
Al Institute ’
(1c) Concrete Post Tnputs:
bp = 1din Width of Concrete Post (in)
A]J = 2_3‘?i_112 Areaof Concrete Post reinforcement acting in tension (in)
d‘p = 85in Crstance from the compression face of the Concrete Post to the
tenusion reinforcement bars {in.)
heypp = Din Heightof airb (in.)
L’p = 10ft Spacing of Conerete Posts (f)
g

{ . j . F
< X Tension Vertical Reinf. ' ;
:; E - - E \\':’. - E__C[E‘
A [
\_ b b, ]
Concrete Concrete
Post (Typ.) Rail

Fgre I, Flan Vew of @ Concrele Post-and-Beam Failing showing Concrete Post Inputs
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= Jexas A&M SUBJECT MnDOT One-Line

< Transportation Bridge No. 69834
‘ Institute MASH Compliance Assessment

(1c) Design Force Inputs:

Design Forces for Tiraffic Ralings
Test Level | Rail Height @in) | R &kip) | Fqkip | Bip | Wwiogg | Iedo He (in) | Huin (in)
TL-1 13 or ahove 135 4.5 4.5 4.0 15.0 13.0 13.0
TL-2 13 or above 270 9.0 45 4.0 15.0 200 18.0
TL-3 29 or above 710 18.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 6z.0 22.0 38.0 4.0 15.0 250 36.0
TL4 () |between 36 and 42 30.0 Zra 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 42.0
TL-5 () greater than 42 262.0 750 1a0.0 10.0 40.0 43.0 42.0
TL G 1750 58.0 30.0 3.0 40.0 56.0 a0.0
Eeferences:

® TL-1and TL-2 Design Forces are from AASHTO LEFD Section 13 Table A13.2-1

® TL-3Desgn Forces are from research condu cted under NCHEP Project 2007 Task 395

o TL-4{a), TL<4 (b3, TL-S5 (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHEP Project 22-20(2)

TL:=3 Test Lewel

Fy = 7lkip Transverse Impact Force

L= 4ft Longitudingl Length of Distribution of Impact Force

H, = 1%n Height of Equivd ent Tansverse Load

H, i i= 20in Minitrm height of a MASH TL-2 barner (in)

Hy = 28in Height of the conarete barner measured fromthe top of the roadway surface/overlay to the top
of the highest rail (in)
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= Texas A&M SUBJECT: MnDOT One-Line

4N Transportation Brldae Mo 09334
- MASH Complimce Assessment
A [nstitute PHEESSE

(2) Stability Criteria;

H i =29in Iirurmm height of a MASH TL-2 barrier {in.)

H, = 28.in Heght of the concrete bamier mesured from the top of the roadway surface/overd a7 to the top
ofthehighest rail (n)

Minimum_Height_of Barrier Check = |"OK" if H_ 2 H ;.

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "NOT OKAY"
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= Texas A&M SUBJECT. MnDOT One-Line
< Transportation Bridge No. 69834
‘ Institute MASH Compliance Assessment

(3) Geometric Criteria:

S, ost = 3-3in Post Setback (in.)

pos Note: Denoted as "S” in figure below.
G}, := 1din Vetical Clear Opening (in.)
ZA:= 14in Total Rail Contact Width (in.)
H,, = 28-in Total height of the bridge rail measured from the top of the roadway surface/overlay (in.)

Note; Denoted as "H" in figure below:

4 HIGH POTENTIAL

Bridge rails in this areq
have met NCHRP 230 safety

evoluofion guidelines, NN l

€
PREFERRED - . :'rm

LOW POTENTIAL Rall

o
%ﬁ
>

10
s

D{RAILS k- e

Post —=| i
5

e |1 4
— s c ,

e f CONCRETE
RAIL

C = VERTICAL CLEAR OPENING (in)

s rintahey

G 2 3 |8 T 'IS T 1l0 T 112
S = POST SETBACK DISTANCE (in)

Figure A13.1.1-2—Potential for Wheel, Bumper, or Hood
Tmpact with Post
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Z Texas A&M
Transportation
Institute

(3-conti.) Geometric Criteria:

Spost = 354n

Setwx=(0 1 2 3456 789 10)

DA=141n H

Setlow_y:= (0.75 063 052 04 0315 028 027 026 025 0245 0.245)

Setypx= (25 3 4 56 78 9 10)
Setypy = (08 0725 06 05 046 0.44 043 0425 042)

SUBJECT MnDOT One-Line On
Bridge No. 69834
MASH Complismce Assessment

[ |

A

—_05
HW

Lower Bounday for Post Sethack Critena
% and v coordinates

Upper Boundary for Post Sethack Criteria
% ad v coordinges

s
post . . .
Setsys.x S 35 Post Sethack ral genmetric point
Setsys.y = ratiog: sy = 05 Ratio of Contact Width to Totd Height rail geometric point
Post Setback Criteria
0.8
—— Lower Bound

- Prefared |__ Upper Bound
%n : ©#% Rail Geometrics
o
- 0.6
% SEtlmv.y
= e T
B Sety. 05
S et
= ¥
S ool 0.4
&)
T
A 0.3

Not Recomimended
0.2
1 2 3 4 5 6 7 10
T T
Setyow x ’S%x Se‘sysx
Post Setback Distance (in.)

NotRecommended = 1

Region Designation

Marginal := 2 Prefared = 3

Post_Setback_Criteria_Rail Geometric_Point .= Marginal

Note MMaranal region is hetween Lower and Upper Bounds

C-73




= Texas A&M SUBJECT MmDOT One-Line

o Bridge No. 69834
‘ Tra ﬂ_SpO riation MASH ComplizImce Assessment
Institute
(3-conti.) Geometric Criteria:
snagy = (0 3 13) Lower Boundary for Snag Potential Criteria

% and ¥ coordinates
snagygy = (10 12 12)

MAyp.x = (0 125 425 535 13) Upper Boundary for Snag Potential Criteria

T — x and ¥ coordinates
snagy, .= [ jl

8

snagg = %ﬂ -35 Post Sethark rail gevteric point
: % Vertical Clear Opening rail ic pot
Aoy s.y = ;= 14 ertical Clear Opening ral geometric point
Snag Potential
18
High Snag Potential
5 16
g YL ®
o T
g Ty
(@] SMagss . 12
T eee
5 Lower Bound
= 10
: —— Upper Bound
Low Snag Potential 66 Rail Geometrics
&
0 5 10 15
T T
STy x ’snag.lp.x ’magsys.x
Post Setback Distance (in.)

. o . L Region Designation
HighSnagFotential := 1 Marginal = 2 LowSnagPotential := 3 Mote; WMarginal region is betwesn Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point := HighSnagP otential
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= Texas A&M SUBJECT MnDOT One Line
Transportation Bridge No. 69834
‘ Institute MASH Compliance Assessment

(3) Geometric Criteria - Summary of Results:

Post_Sethack Criteria_Check = | "OK" if Post Setback Criteria Rail Geometric_Point = Preferred

"NOT OK"  otherwise

Post_Sethack Criteria_Check = "NOT OK"

Snag Potential Criteria_Check .= | "OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential
"NOT OK"  otherwise

Snag Potential Criteria Check = "NOT OK"
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= Texas A&M SUBJECT. MnDOT One-Line

4N Transportation Bridge No. 69834
i MASH Complizance A ent
‘ Institute ompliance Assessm

() LRF¥D Strength Analysis of the Barrier per AASHTO Section 13 Specifications:

(4a) Flexural Capacity of the Concrete Rail: V..

fy = 40 ksi Yield Strength of Conerete Ranforcing Steel, (k)
fo=dkd Concrete Compressive Strength
b = ldin WAdth of the Concrete Ral (in.)
L7651 2 Total area of the reinforcement bars acting
B <R s R R R
d_ = 7in Distance from the compression face of the Concrete Rail to the
o

tension reinforcement bars (in.)

1
ag. = ﬂ = 1.479.in Whitney Stress Blode Depth (in)
0850 b,
der . . o

Ml:r - Acr'fy' dl:r - T = 36.728 kip-ft Flemrd Capaity of the Concrete Ral Jap-f)

Yo = 2Lin Height of the Concrete Ral measured fromthe top of the roadway
surfacefoverd 7 to the centroid of the ral (in)

Fhar = ¥er= 21in Height of the Resultant Force of &l Rals measured from the top of

the roadway surfacefoverlay (in.)
Note: Wy =¥y, sincethe only ral is the concrete rail
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= Texas A&M

4N Transportation
Al [nstitute

(4h) Post Sirengfh: P,

fy=4I]-ksi
f.=dkd

b = 14.in
Ap = 2.37-in

ﬂ.p =85in

2y

pim T = 1992in
085 by

P

a
= £, - — | = 50.283 kip ft
Mpus = gy (1~ 2 - 5285
Fhar = 21-in

h =0in

carh

Fp= Ybar heyyp = 21in

= 33876 kip

SUBJECT: MnDOT One-Line
Bridge No. 69834
MASH Complizmcee Assessment

Yield Strength of Conorete Remnforcing Steel (le)

Concrete Compressive Strength

Wadth of Concrete Post {in.)

Area of Concrete Post reinforcement ading in tension (ind)

Distance from the compression face of the Concrete Post to the
tersion remforcement hars {in.)

Whitney Stress Block Depth (in)

Flesural Capanty of the Concrete Post (Jap-ff)

Heght of the Resultant Force of d1 Rails measured from the top of
the roadway surfare/overlay (n)

Height of curb (1)

Heght measured from the bottom of the Conerete Post to the Resultant
Force of all Rails {in)

Post Strength (ap)
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= Texas A&M SUBJECT MnDOT One-Line

Transportation Bridge No. 69834
‘ Institute MASH Compliance Assessment
(4c) Ultimate Resistance (Nominal Resistance) of the Railing for a SingleSpan Failure Mode: Ry
L

Figure 9o Bingle-San Feilure Mbde for Post-and-Bagm Redling

PP = 33.876 kip Post Strength (lap)
Nyp=1 Mumber of Falure Spans
M'P ‘= M, = 36.728 kip ft Flestural Capacity of all Rails (kip-ft)

Hate Mp= M, since the only rail is the concrete rail

L.=10ft Post Spacing ()
Note Ly, =L in Figure 4c.

Li=4dft Longitudinal Length of Distnbution of the Impact Foree

16- + [Ny - 1):[Ny+ 1) Py L
R; = i ( 1 ) ( - ) L 36.728 kip Ultimate Resistance of the Raling for a Single-Span
2-Ng- Lp - L Faillure Mode (kip)
- Egn. A13.3.2-1
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= Texas A&M SUBJECT. MnDOT One-Line

. Bridge No. 69834
‘ Tfﬂ n_spartatr on MASH Compliance Assessment
Institute

(4d) Ultimate Resistance (Nominal Resistamce) of the Railingfor a Two-Span Falhure Mode: R,

Figre 43 Fwo-Sparr Failfvre Made jor Post-and Beam Realings

P, = 33.876 kip Post Strength (kip)

Ny:=2 Mutrher of Falure Spans

Nlp = 36.728 kip ft Flezural Capacity of all Rals (kap-ft)
Lp - 10t Post Spacing (ft.)

HNote; L, =L in Figure4d.

Longtudina Length of Distribution of the Impact Force

= 53.964 kip Ultirnate Eest stance of the Raling for a Two-Span Falure
p~ Lg Mode (lap)
-Egn 413322
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= Texas A&M
Transportation

R | otiiite

SUBJECT MnDOT One-Line

Bridge No. 69834
MASH Complismce Assessment

(4¢) Ultimate Resistance (Nominal Resistance) of the Railingfor aThree Span Faihire Mode: R,

SL

-

F;D g _)Mplpp

ul

Figure 4o, Thrae-Span Faikire Mode Br Post-and-Beam Failings

P, = 33.876 kip

D Post Strength (ap)

Ny:=3 Mutrber of Falure Spans

M'p = 36.728 kip ft Flesural Capanty of all Rails (kip-ff)

Pzt Spacing ()

L]:l = 10-ft
Mote: L, = Lin Figure 4e

Le=4ft Longitudind Length of Distribution of the Irpact Force

16- + [Na—1)(Na+ 1)P L
Ry= Mp ( = ) ( 3 ) PP 58,888 Lip Ultimate Resistance of the Railing for a Three-Span Falure
2-N3-Lp - L, Ilode (lap)
-Egqn A1332-1
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= Texas A&M SUBJECT: MnDOT One-Line

Transportation Bridge No. 69834
‘ Institute MASH Complismce Assessment
(4f) Ultim:aie Resistmce (Nominal Resistance) of the ingfor a4 3Spm Faihe Mode: R, - R
P]J = 33.876 kip L]J = 10ft 1\'1.p = 36.728 kip ft Lt= 4 ft
Ny=4 Ng:=5 Ng =0 No=7 Ng:=8
2
1n; M‘p + Ny 'Pp']“'p . Ultimate Resistance of the Raling for a Four-Span Falure
T TR Mo ()
4=p Tt -Eqn 413322
16 M‘p 5 (NS = 1) : (NS 2 1) 'Pp 'Lp . Ultinae Resistance of the Raling for a Five-Span Failure
R ZNEE L = J0s1zddp Mode (ki)
stp Tt -Eqn A13.32-1
16 N 2 P_-L
'M'p+ 6 Tptp . Ultimate Resistance of the Railing for a Six-Span Falure
Rﬁ = —— = 110.199 kip Mode (kip)
TR -Eqn A1332-2
gn 4133,
16- + [Ns— 1) [N-+ 1)-P_-L
Ro = M.p ( 7 ) ( 7 ) PP 123.884 Lip Ultimate Resistance of the Railing for a Seven-Span Falure
2Ny Lp- Ly Made (kip)
-Egqn A133.2-1
2
lﬁ'M'p*'NS 'Pp']“'p ; : 3 ; :
Rgi= ——————= - 142.746 kip Ultimate Resistance of the Railing for a Eight-Span Failure
2-NgLp- Ly Iode (kip)
-Egn A13332-2
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== Texas A&M SUBJECT MnDOT One-Line
Transportation Bridge No. 69834
‘ Institute MASH Complaance Assessment

{4 LRFD Str Anglvsis of the Barier per AASHTO Section 13 Specifications - Summary of Results:

R, = mjn(Rl Ry Ry, R, Rz, Rys R, RS) = 36.728 kdp Totd Ultimae Resistance of therailing @ jyq (dip)
Note: The total Ultimate Resistance of the railing is the crifical
span falure mode (1 &, the rinirmm value of Ry - Bg)

H,=1%in Height of Equivalent Transwerse Load

Height of the Resultant Force of 1 Rails measured from the top of

Yhar = 2100
the roalway surfacefoverday (in)

Pz BldD Transverse limpact Force
Yhar . ; : s ;
Rp=R. = = 40.594 kip Totd Ultirnae Resistance of the raling @ H, (kap)
e
Structural Capacity_of Barrier Check = |"OK" if Rp = F,

"NOT OK"  otherwise

Structural_Capacity_of Barrier_Check = "NOT OK"
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= Texas ARM SUBJECT MnDOT One Line

‘ Egg?m rtation ﬂxi&dg:[ﬁnsmce Assessment
(5) Strength Analvsis ofthe Barrier at an End Section or Joint:
(39) Ultimate Resistamce of the inga @ Fnd Section or Joint for a SingleSpan Failure Mode: Ry, 4
¢ L, "P,

Post (Typ.)

r - b
Concrete

Rail | F,

X Concrete _’_,," :

AN,

Figure Sa Srgle-Sharn Failure Made for Postand-Beam Falings at an Bad Sectior or Joint

Pp = 33876 kip Post Strength (ap)
M.p = 36.728 kip ft Fleura Capacity of ] Rals (lap-f)
LlJ = 10ft Post Spanng (ft)
Rima=Pp+ ﬂ = 37.549 kip Ultitnate Resistance of the Raling for a Single-Span Failure Mode 2 an
£ Lp End Section or Joint (kip)
Using the Approach from AASHTO Section 13: N;=1
Ny
Z-IV[p+ ZPP-LP- Z i
_ G . Ultimate Resistance of the Raling for a Single-Span Failure Mode & an
Fisend = 2N; L, - L, =AYk End Section or Joint using A4 SHTO Eqn. 413.3.2-3 (kip)
P
R eng := min (Rlem:l Ria md) = 37.549 kip Critical Ultimate Resistance of the Ralling for a Single-Zpan Failure

Maode a an End Secton or Joint (lap)
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= Texas A&M SUBJECT MnDOT One-Line

Transportation Bridge No. 69834
‘ Institute MASH Complance Assessment
(Sh) Ultimate Resistance of the ing at an Fnd Section or Joint for a Two Span Faillure Mode: Ry, 4
a LI i L F)
2
P, P,
T /-f‘.\ T L} T T
< ‘ h ' H ‘ H H
< : : ] : Concrete - :
S ; Post (Typ.) :
§ Lo I N
4 + F 3
M, \__ Concrete
Rail |FI
“—L,
Figure b Two-Spooe Fiilkare Mbds B Pt Been Reiling at an Bnd Saction ar Joint
Pp = 33.870 kip Post Strength (kap)
Mp = 36.728 kip ft Flesurd Caparity of all Rails Jap-ft)
Lp = 10ft Post Spacing (f)
PP-SLP + N[p
Ragnd = = 52.651 kip Ultirnate Resistance of the Raling for a Two-Span Falure Mode at &
ZLD End Section or Joint (kip)
Using AASHT O Section 13: Ny=2
Ny
2-N1p+2Pp-Lp- 2 i
} =1 . Ultirnate Resistance of the Raling for a Two-Span Failure Mode o an
Rop end = 2N, Lo L, = 58.501-kip End Section or Joint using A ASHTO Egqn. A13.3.2-3 kip)
P
Rig md = mi‘“(RZmd : RZA.e:nd) = 52651 kip Crticd Ultimae Resistance of the Raling for a Two-Span Falure Mode

a an End Section or Jomt (kap)
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= Texas A&M

Transportation

7]
A [nstitute

SUBJECT. MnDOT One-Line
Bridge No. 69834
MASH Complimnce Assessment

(5) Strength Analysis ofthe Barrier at an End Section or Joint-Summary of Results:

R.1 end = 37-549 kip

Ry eng = 52651 kip

Ryend = Min(Ryy o g Ryg na) = 37549 kip

Thar = 2Lin
H, = 19:in

F.= 71 kip

p Yhar )
RRmd = erd- H_ = 41.501 - kip
e

Critical Ultimate Resistance of the Raling for a Singe-Span Falure
Wode & an End Secton or Joint (kip)

Critical Ultimate Resistance of the Raling for a Tao-Span Failure Mode
atan End Secton or Joint (kip)

Total Ultimate Resistance of the railing at an End Section or Joint @ .y, (ip)
Note The totd Ultimate Resistance of the raling is the oritical span falure
mode (1 e, the rinitmim value of By epd & Fygapd)

Height of the Resultant Force of all Rals measured from the top of
the roadway surfacefover ay (in)

Height of Equivdent Transverse Load

Transwverse Itnpact Force

Total Ultirnate Resistance of the railing at &n End Section or Joint @ H, (kip)

Structural Capacity_of Barrier_at End Section_Check = |"OK" if Rp,42F;

"NOT OK" otherwise

Structural Capacity of Barrier at End_Section Check = "NOT OK"
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= Texas A&M SUBJECT. MnDOT One-Line
Transportation Bridge No. 69834
‘ Institute MASH Complismce Assessment

(7) Condlusions:

Minimum_Height of Barrier Check = "NOT OKAY"

Post_Setback Criteria Check = "NOT OK"

Snag Potential Criteria_Check = "NOT OK"

Structural Capacity_of Barrier_Check = "NOT OK"

Structural Capacity_of Barrier at End_Section Check = "NOT OK"

The One Line barrier on Bridge No. 69834 does not satisfv all
MASHTL-3 Criteria
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APPENDIX C5: ONE-LINE BRIDGE RAIL ON FIGURE 5-397.104
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24 E;-Lm_um

10 Maumum e Wy Maximun L 2'4 maximum
Fi"is" fop of muu!u 0 | saemis H A.~] 6 Nax }-&lf;\::’,: mpl-.;_._.
lEerounfor drainage.-y 3 May " _lgegs Name Plate. &im o plte to be flush 10" Spac 10" |res Enoclosure piate
— ] Soac e ‘.-im concrete. See sheet 1or location l| ngfgf J See detail ~
connection
\ ; See Detail A L | .
see getanl \ >— ¢ Standara Pipe 4, 8o hetar _l 2 l 8 Sps. @3 ! I |lf2‘ dia. weep holes.
B 1 L I ﬁ[} i
Bars (Typ ! l | P omf & oy
=

\ 2 long. Rail

§1" ¢ holes
__ inplate

; T oy T T TR
B _ L $F &, :
® 3 P '
= S 5 = ;
- £ == z
B B s g e
¥ = s, o ian T GUARDRAIL. CONNECTION DETAIL
9 = 4 L
- z — R 2 e — - GALVANIZE AFTER FABRICATION PER M.H.D. 3394
i $ f ] i Top of Coping i i Est Wt 37 Lbs.
5 508 2 H *———~—Spring assembly alj A= T

= i R eacn end of railing = 2 x 4" x 1' 0" Keyway (Typ. ) {

*5 i fr X8 2§ TYricAL .El‘n:lg:cw:‘um x4"x eyway (Typ. SRR Bk ! BiLL %nlb':'lrlmncmm

i RAILING

o e RETWEEN BACPOSYS | piatic conduit seeve, oer MIID 3603 TYHCAL PoST wen [ wo [ umem Tsure | iocanion

£ Type dor 11, LON" 1 D. =0, 133" wall REINFORCEMENT Bent | Railpost
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27 PART INSIDE ELEVATION ' 2'Uy. : C
i o Railing
5 Str.
i ent
= Bent
t tr.
i1 ; — - .
& £z L 4-5Long Rail : L
= = Bars (lyp | 5 = 5
& PART PLAN 0 - -
Face of end post 1o be CABLE NOT SHOWK i e v
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hex. nuls & U4" x 3" washer i : i T r e Bl
END POST 518" ¢ x 18" hex. hmmﬂ‘s wilh heavy hex. nuts . X T steel bar GENERAL NOTES
Washer (See Detail) N /3: 0 4" nex. nead boit :Q:MD'“' Orill & tap for 38" bolt Al railposts shall be normai to grade, except as noted.
- y o T Fr ‘jﬁ— — Finish all eages of concrete toa LiZ" V unless otherwise noted.
g / -
e ) e - wkeal Special care shal be exercised in Hnishing the surface of the
‘r..r AN B I : % - Do wy cancrete slab i the area of the posts so that the vertical rein-

o g . ‘ I + V| e ouend Q 38" sk boit forcément for the posts can be properly placed with respect-to

Bl S R TR [ Greas= deh o nchorage

| = | E | 116" DETAIL OF EHD CLOSURE PLATE  Place the No. 5 end post ties when the Na. 11 vertical bars

! el ey 3" Thread PRY ol WASHER are cast in the abutment.

i = o e :

i ; 2 Sprin~ Data 1-9/16 No. 2 reinforcement bars shall comply with A. S.T. M. A306.
=] g.g SI8" dia. Hi-Tensil harg SPRING ASSEMBLY DETAIL Pipe shall comply with M.H.D. 3362, Grade A or B, or M.H.D.
u{— =5 arawn spring wire. 3306. All other structural material except springs and cable

= . 3 g ¥
5 2 13-3/4 active coils, 2-34" 1. D. ol fittings shall be structural steel per M.H.D. 3306. Cable and
4 & B l & etz enas squared, R W wound, Galv. 330" | §{ fittings shall comply with M.H_D. 2554, M_H.D. 3381, except
g T i —[--»— s L= as noted c
i s - { -R:04 Space unger ‘ L ---2"std pipe xj N . -
= s 7 i -
o = & ~+ - sl PRTIE vle ¥ + HPrOR AL - L' & Galvanize bolli,’\u:g,"nu:s:_sprimt ssemblies and cable it
& de. ‘ N SEviivn B D i = 3.65 Ibs. | ft < T oL 2202 G ater
o Mps | e o % ) Al 2 N /. ¢ —-l :1 . 3% after fabrication.
O M s i
| 1 h P . 5 s — o' xS X0 53R &ulnuiir;u;rxlim to be included in weight of structural
J B W \ RS07 & RS08 R303 & R205 D
J1z N N Railing quantities are includvd in Summary of Quantities for
= I T8 : 2-ung Superstructure.
E:i c t t i = Length of “Ornamental Metal Railing" for payment will be
L t i ] ' I:ﬂ ‘t :B;Sﬂ}. ""-‘s measured end o end of concrete rail, with no deduction for
i = = =g eet leaa shi = joints. Cable shall be accurately cut so there will be
YR xsixs L = : Wi A open joints. ~ Cae s : iy
| : lf] = 5'"1:‘ ,_;m.-. e | D IR ;:ﬁ‘; i G’;zm : l no sag before tightening spring nuts.
= bl : kL = s i
= &l slotted hole. = as required in = ! 2 Price bid for ornamental metal railing includes the cable,
\i . 1} \ ,‘e,:l 1 4 L - i = — spring assemblies, plastic sleeves, 3/ 0 x 10" bolts, and
1-V2" Standard Pipe Front face g 10-347 | R60Z 2 ¢ | 2l materiai avove the concrete
272 lbs i [ & / of rail ~ — [ — - Number 6 B N All concrete shall be Concrate Mix No. DYAGA
| Rail ar R304 R701 & R602 REVISION Fig. 5-397.104
NELE s o . Ca— Railpost 31,9 x 10" okt [
o on 2-3/8" x 2-1/4" x 3116" § with—/ A N g e i st
PERMISSIBLE SHOP SPLICE 13716" tia. hole centered e ¢ 3 thread ~ TITLE: CONCRETE RAILING WITH
Ll PIPE NOT SHOWN DETANL A SeETIon 06 CABLES AND PIPES

(WITH END POST)
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= Texas A&M SUBJECT MnDOT One-Line

= Fignre 5-397.104
TfﬂﬂSji ortation MASH Complismce Assessment
Al Institute
(1) General Information and Inputs:
13 Eeference: A ASHTO WA SH Conditions.
2y Assessthe adequacy of the bamer based on AASHTO LEFD Section 13 critena.
(1a) General Inputs:

f', == 4000.psi Cotrpressive Strength of Conorete (psi)

fy = d0ksi Yield Strength of Concrete Remforcing Steel, desi)

E = 29000ksi Modulus of Hlasticity of Steel (lesi)

H,, = 28in Height of the concrete barmer measured from the top of the roadweay

surfacefoverlay to the top of the highest rail (in)
t = Oin -
o Thickness of overlay in)
hw - Hw +ty = 2% .in Total heght of the barner in) I.._dcr_._I
(1b) Concrete Rail Inputs:
b = ldin Wadth of the Concrete Rail (in)
bCl’ o
o~ L76i 2 Total area of the reinforcement bars ating
Apra 70 in tension i the Concrete Ral (in2)
dg. = 7in Cistance from the compression face of the -
Concrete Ral to the tension reinforcement bars
(i) Flgure I Profile Vew showing
Concrete el fnputs
¥ = 21lin Height of the Concrete Ral measured from the top of the roadweay

surface’overl a7 to the centroid of the ral {in)

C-89




- Texas A&M SUBJECT MnDOT One-Line

< Transportation Tagpes 210
- MASH Complizmce Assessment
Al Institute ’
(1c) Concrete Post Tnputs:

bp = 1din Width of Concrete Post (in)
Ap = 2.4i112 Areaof Concrete Post reinforcement acting in tension (in)
d‘p = 85in Crstance from the compression face of the Concrete Post to the

tenusion reinforcement bars {in.)
heypp = Din Heightof airb (in.)
L’p = 10ft + lin = 10083 ft Spacing of Concrete Posts (f)

g

{ . j . F
< X Tension Vertical Reinf. ' ;
:; E - - E \\':’. - E__C[E‘
A [
\_ b b, ]
Concrete Concrete
Post (Typ.) Rail

Fgre I, Flan Vew of @ Concrele Post-and-Beam Failing showing Concrete Post Inputs
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= Texas A&M SUBJECT. MnDOT One-Line

4N Transportation
Al |nstitute

Figure 5-397.104
MASH Complizmce Assessment

(1c) Design Force Inputs:

Design Forces for Tiraffic Ralings
Test Level | Rail Height @in) | R &kip) | Fqkip | Bip | Wwiogg | Iedo He (in) | Huin (in)
TL-1 13 or ahove 135 4.5 4.5 4.0 15.0 13.0 13.0
TL-2 13 or above 270 9.0 45 4.0 15.0 200 18.0
TL-3 29 or above 710 18.0 45 4.0 15.0 19.0 29.0
TL-4 (a) 36 6z.0 22.0 38.0 4.0 15.0 250 36.0
TL4 () |between 36 and 42 30.0 Zra 22.0 5.0 15.0 30.0 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 42.0
TL-5 () greater than 42 262.0 750 1a0.0 10.0 40.0 43.0 42.0
TL G 1750 58.0 30.0 3.0 40.0 56.0 a0.0
Eeferences:

® TL-1and TL-2 Design Forces are from AASHTO LEFD Section 13 Table A13.2-1
® TL-3Desgn Forces are from research condu cted under NCHEP Project 2007 Task 395

o TL-4(a), TL4 (b),

TL-5 (&), and TL-5 (b3 Design Forces are from research conducted under

CHRP Project 22-20(2)

TL:= 3

Fy = 7lldp

Lyi= dft

H, = 19%in

=Hg+ ty=1%in

Hpip = 29in

H, - 28.in

Test Lewvel

Transverse Irmpact Force

Longitudinal Length of Distribution of Inpact Foree

Height of Equivdent Transverse Load shove

parement surface (in)

Total haght of equivalent transverse load (i),

Wlinimum height of a MASH TL-2 barmer (in)

Height of the conorete barn er measured from the top of the roadway surfacefoverlay to the top
of the hughest rail (in )
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= Texas A&M SUBJECT MnDOT One-Line

4N Transportation Figire 5-397.104
i MASH Complisnce A et
‘ Institute ompliance Assessm

(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)

H, = 28.in Heght of the concrete bamier mesured from the top of the roadway surface/overd a7 to the top
ofthehighest rail (n)

Minimum_Height_of Barrier Check = |"OK" if H_ 2 H ;.

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "NOT OKAY"
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/‘-‘ Texas A&GM

(3) Geometric
Spost= 3:5in
G, 1= 14in
TA = Min

H, = 28:in

o
J

I

Criteria:

Institute

Post Setback (in.)

Note: Denoted as "S" in figure bel ow:

Vertical Clear Opening (in.)

Total Rail Contact Width (in.)

SUBJECT: MnDOT One-Line
Figure 5-397.104
MASH Compliance Assessment

Total height of the bridge rail measured from the top of the roadway surface/overlay (in.)
Note; Denoted as "H" in figure below:

HIGH POTENTIAL

Bridge rails in this areq
have met NCHRP 230 safety
evoluofion guidelines, NN

PREFERRED -

=
e
)
410 LOW POTENTIAL
E o
o RAILS
| A T
5_4:3 - &2
& 51 PosTS = el il
= —=f |=—s c
] - | f
(& o \%- =S
O T & E errned ey
0 2 4 6 8 10 12

S = POST SETBACK DISTANCE (in)

Figure A13.1.1-2—Potential for Wheel, Bumper, or Hood
Tmpact with Post

Beam !
or
A
Rall H

c
Post —= . i

+

CONCRETE
RAIL
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= Texas A&M SUBJECT MnDOT One Line

Transportation Figire 5-397.104
‘ Institute MASH Complismee Assessment
(3-conti.) Geometric Criteria:
Spost = 351n ZA-14in H, - 28in ratiog; y = % _o0s
w

Setwx=(0 1 2 3456 789 10)

Setlow_y:= (0.75 063 052 04 0315 028 027 026 025 0245 0.245)

Setypx= (25 3 4 56 78 9 10)
Setypy = (08 0725 06 05 046 0.44 043 0425 042)

Lower Bounday for Post Sethack Critena
% and v coordinates

Upper Boundary for Post Sethack Criteria
% ad v coordinges

Set, = m =35 Post Sethack ral genmetric point
sysx T T 2 i
Setsys.y = ratiog: sy = 05 Ratio of Contact Width to Totd Height rail geometric point
Post Setback Criteria
0.8
—— Lower Bound

- Prefared |_ Upper Bound
%n : @@ Rail Geometrics
=
o T0.6)
% SEtlmv.y
= e T
B Sehypy 05
S et
et _}'
5 oo 4
[
E

0.3

Not Recommended
0.2
1 2 3 4 5 6 7 8 9 10
T T
Setyow x ’S%x Se‘sysx
Post Setback Distance (in.)
i Region Designation
NotRecommended = 1 Marginal := 2 Prefared = 3

Post_Setback_Criteria_Rail Geometric_Point .= Marginal

Note MMaranal region is hetween Lower and Upper Bounds
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== Jexas AGM SUBJECT MnDOT One-Line

Transportation Figire 5-397.104
‘ Institute MASH Complizmce Assessment
(3-conti.) Geometric Criteria:
Magy = (0 3 13) Lower Bounday for Snag Potential Criteria

% and ¥ coordinates
snagygy = (10 12 12)

MAyp.x = (0 125 425 535 13) Upper Boundary for Snag Potential Criteria

(10 13 13 15 15 x and ¥ coordinates
snagy, .= { 3

8

snagg = %ﬂ -35 Post Sethark rail gevteric point
: % Vertical Clear Opening rail ic pot
Aoy s.y = ;= 14 ertical Clear Opening ral geometric point
Snag Potential
18
High Snag Potential
5 16
g owy gy ®
Q' ———
o T
g Ty
(@] SMagss . 12
T eee
5 Lower Bound
= 10
: —— Upper Bound
Low Snag Potential 66 Rail Geometrics
&
0 5 10 15
T T
STy x ’snag.lp.x ’magsys.x
Post Setback Distance (in.)

. o . L Region Designation
HighSnagPotential .= 1 Marginal = 2 LowSnagPotential .= 3 Note: Marginal region is between Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point := HighSnagP otential
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= Texas A&M SUBJECT MnDOT One-Line
Transportation Fige 5-397.104
A nstitute MASH Complismce Assessment

(3) Geometric Criteria - Summary of Results:

Post_Sethack Criteria_Check = | "OK" if Post Setback Criteria Rail Geometric_Point = Preferred

"NOT OK"  otherwise

Post_Sethack Criteria_Check = "NOT OK"

Snag Potential Criteria_Check .= | "OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential
"NOT OK"  otherwise

Snag Potential Criteria Check = "NOT OK"
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= Texas A&M SUBJECT MnDOT One-Line

4= Trapsportation Figmwe 5-397.104
i MASH Complizmce A nt
‘ Institute plimce Assessime

() LRF¥D Strength Analysis of the Barrier per AASHTO Section 13 Specifications:

(4a) Flexural Capacity of the Concrete Rail: V..

fy = 40 ksi Yield Strength of Conerete Ranforcing Steel, (k)
fo=dkd Concrete Compressive Strength
b = ldin WAdth of the Concrete Ral (in.)
L7651 2 Total area of the reinforcement bars acting
B <R s R R R
d_ = 7in Distance from the compression face of the Concrete Rail to the
o

tension reinforcement bars (in.)

1
ag. = ﬂ = 1.479.in Whitney Stress Blode Depth (in)
0850 b,
der . . o

Ml:r - Acr'fy' dl:r - T = 36.728 kip-ft Flemrd Capaity of the Concrete Ral Jap-f)

Yo = 2Lin Height of the Concrete Ral measured fromthe top of the roadway
surfacefoverd 7 to the centroid of the ral (in)

Fhar = ¥er= 21in Height of the Resultant Force of &l Rals measured from the top of

the roadway surfacefoverlay (in.)
Note: Wy =¥y, sincethe only ral is the concrete rail
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= Texas A&M

4N Transportation
Al [nstitute

(4h) Post Sirengfh: P,

fy=4I]-ksi
f.=dkd

b = 14.in
Ap =24in

ﬂ.p =85in

2y

i~ T - 2017:n
085 by

P

a
= £, - — | = 50.033 kip ft
Mpon = gy (1~ 2 - 5355
Fhar = 21-in

h =0in

carh

SUBJECT. MnDOT One-Line
Figme 5-397.104
MASH Compliance Assessmernt

Yield Strength of Conorete Remnforcing Steel (le)

Concrete Compressive Strength

Wadth of Concrete Post {in.)

Area of Concrete Post reinforcement ading in tension (ind)

Distance from the compression face of the Concrete Post to the
tersion remforcement hars {in.)

Whitney Stress Block Depth (in)

Flesural Capanty of the Concrete Post (Jap-ff)

Heght of the Resultant Force of d1 Rails measured from the top of
the roadway surfare/overlay (n)

Height of curb (1)

Heght measured from the bottom of the Conerete Post to the Resultant
Force of all Rails {in)

Post Strength (ap)
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= Texas A&M SUBJECT MmDOT One Line

Transportation Figire 5-397.104
‘ Institute MASH Complismce Assessment
(4c) Ultimate Resistance (Nominal Resistance) of the Railing for a SingleSpan Failure Mode: Ry
L

Figure 9o Bingle-San Feilure Mbde for Post-and-Bagm Redling

PP = 34.247 kip Post Strength (lap)
Nyp=1 Mumber of Falure Spans
M'P ‘= M, = 36.728 kip ft Flestural Capacity of all Rails (kip-ft)

Hate Mp= M, since the only rail is the concrete rail

L, = 10.083 ft Post Spacing ()
Note Ly, =L in Figure 4c.

Li=4dft Longitudinal Length of Distnbution of the Impact Foree

16- + [Ny -1):[Ny+ 1)-P, L
MP ( 1 ) ( & ) L3 R 36.35 kip Ultimate Resistance of the Raling for a Single-Span
2'Nl'Lp_ Ly Faillure Mode (kip)
- Egn A133.2-1

o
i
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z Texas A&M SUBJECT MnDOT One-Line

" Figire 5-397.104
‘ Tra nspo riation MASH Compliance Assessment
Institute

(4d) Ultimate Resistance (Nominal Resistamce) of the Railingfor a Two-Span Falhure Mode: R,

Figre 43 Fwo-Sparr Failfvre Made jor Post-and Beam Realings

PlJ = X.247 kip Post Strength (kip)

Ny:=2 Mutrher of Falure Spans

Nlp = 36.728 kip ft Flezural Capacity of all Rals (kap-ft)
L, = 10.083 ft Post Spacing ()

HNote; L, =L in Figure4d.

Longtudina Length of Distribution of the Impact Force

= 54.192 kip Ultirnate Eest stance of the Raling for a Two-Span Falure
p~ Lg Mode (lap)
-Egn 413322
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= Texas A&M SUBJECT MnDOT One Line
Transportation Figire 5-397.104
‘ Institute MASH Compliance Assessment

(4¢) Ultimate Resistance (Nominal Resistance) of the Railingfor aThree Span Faihire Mode: R,

SL -

FI,D MpC _)Mplpp

ul

Figure 4o, Thrae-Span Faikire Mode Br Post-and-Beam Failings

P, - 34247 kip Post Strength (kip)

Ny=3 Mumber of Falure Spans

M'P = 36.728 kip ft Flessural Capaaty of all Rails (Jap-ft)
Lp = 10,083 ft Pzt Spacing ()

Mote: L, = Lin Figure 4e

Le=4ft Longitudind Length of Distribution of the Irpact Force

16- + [Na—1)(Na+ 1)P L
Ry= Mp ( = ) ( 3 ) PP 50207 kip Ultimate Resistance of the Railing for a Three-Span Falure
2-N3-Lp - L, Ilode (lap)
-Egqn A1332-1
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= Texas A&M

SUBJECT. MnDOT One-Line

AN Transportation Figme 5-397.104
‘ Institute MASH Compliance Assessment
Ultimate Resistamce (Nominal Resistance) of the ingfor a4 3Spm Faihe Mode: R, - R
P]J = 34.247 kip L]J = 10083 ft 1\'1.p = 36.728 kip ft Lt= 4 ft
Ny=4 Ng:=5 Ng =0 No=7 Ng:=8
2
1n; M‘p + Ny 'Pp']“'p . Ultimate Resistance of the Raling for a Four-Span Falure
Ry= —————— - B.733 kip o
2N, L -L IWode (lap)
4=p Tt -Eqn 413322
16 M‘p 5 (NS = 1) : (NS 2 1) 'Pp 'Lp . Ultinae Resistance of the Raling for a Five-Span Failure
Rg = - 91.657 kip de dld
2 N.L -1L IWode (lap)
stp Tt -Eqn A13.32-1
16 N - P L
) 'M'p+ 6 Tptp s Ultimate Resistance of the Railing for a Six-Span Falure
Rg = 3 NgLy- L = p ode (kip)
TR -Equ A13.32-2
16- + [Ns— 1) [N-+ 1)-P_-L
Ro = M.p ( 7 ) ( 7 ) PP 125.128 kip Ultimate Resistance of the Railing for a Seven-Span Falure
2Ny Lp- Ly Made (kip)
-Egn A133.2-1
2
lﬁ'M'p*'NS 'Pp']“'p ; : 3 ; :
Rgi= ——————= - 144207 kip Ultimate Resistance of the Railing for a Eight-Span Failure
2-NgLp- Ly Iode (kip)
-Egn A13332-2
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= Texas A&M SUBJECT MnDOT One-Line

Ira H Figme 5-397.14
nsportatmn :

7 MASHC liance A ent
‘ ’nst.l tute ompliance ASSessm

{4 LRFD Str Anglvsis of the Barier per AASHTO Section 13 Specifications - Summary of Results:

R, = mjn(Rl Ry Ry, R, Rz, Rys R, RS) = 36.35 kip Totd Ultimae Resistance of therailing @ jyq (dip)
Note: The total Ultimate Resistance of the railing is the crifical
span falure mode (1 &, the rinirmm value of Ry - Bg)

Hg = 19in Height of Equivalent Transwerse Load

hy = 19-in Totd height of equivdenttransverse load (fop of concrete deck)

¥har = 21in Height of the Resultant Force of 41 Rails measured fom the top of
the roalway surface/overlay (in)

Fy= 71-kip Transwverse Irpact Farce

Fhar * t|:| R ; : s ;
Rp = R, | ——— | = 40.176 Kip Totd Ultirnae Resistance of the raling @ H, (kap)

h,

Structural Capacity_of Barrier Check = |"OK" if Rp = F,

"NOT OK"  otherwise

Structural_Capacity_of Barrier_Check = "NOT OK"
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SUBJECT. MnDOT One-Line
Figimre 5-397.104

MASH Compliance Assessmert

(5) Strength Analvsis ofthe Barrier at an End Section or Joint:

(39) Ultimate Resistamce of the

ing @ @ Fnd Section or Joint fora Si

¢ Span Failure Mode: Ry, 4

L " P,

P

NN

x

T T
L} [}
Concrete ___Yr:
[} 1}

Post (Typ.)

r * F h
\ Concrete

Rail | F,
L, —*

Figure Sa Srgle-Sparn Failure Maode fov Postand-Beam Railings at an Bad Sectior or Joint

Pp = 34247 kip

M'p = 36.728 kip ft

LlJ = 10083 ft

Ry mad = PlJ + L_ = 37.89 kip

P

Using the Approach from AASHTO Section 13:

N
2Mp+ 2Py Ly | S
i=1
R = - 47.265 kip
1A.end
2Ny L, - Ly

Rrlend = MR (Riend - R1a end) = 3789 kip

Post Strength (ap)

Fleura Capacity of d] Rals (lap-f)

Post Spadng (ft)

Ultimate Resistance of the Railing for a Single-Span Falure Mode & an

End Section or Joint Jap)

N;=1

Ultimate Resistance of the Raling for a Single-Span Failure Mode & an

End Section or Joint using A4 SHTO Egn. A13.3.2-3 (lap)

Critical Ultimiate Resstance of the Raling for a Single-Span Falure
Mode at an End Secton or Jomnt (lap)
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SUBJECT. MnDOT One-Line
Figmre 5-397.104
MASH Compliance Assessment

(3b) Ultimate Resistance of the ing a @ Fnd Section or Joint for a Two Span Faillure Mode: R, 4
f L. L L, >
a— - A -
2 : : : : Concrete : :
S S P Post (Typ.) v
< L I ' el A— '
L k v y
M, \__ Concrete f

Fgure Sh Two-Span Faikire Mode i Post-and-Baom Raifings at an Bnd Saction or Joint

PP = 34247 kip

MP = 36.728 kip ft

LlJ = 10083 ft

PP-SLP + M'P
ZLp

= 53192 kip

Brend =
Using AASHTO Section 13:
Ny
Z-IVIP + ZPP-LP- 2 i

i=1
2Ny Ly - Ly

RZA.end = = 59.048-1cip

Ry2.end = Min(Ryeng. Ry g ong) = 53192 kip

Post Strength ap)

Fleura Capacity of dl Rals (lap-f)

Post Sparing ()

Ultimate Resistance of the Raling for a Two-Span Falure Mode at an
End Section or Joint (ap)

Ultirmate Resistance of the Raling for a Two-Span Falure Mode at an
End Section or Joint using AASHTO Egn. A13.3.2-3 (lap)

Critical Ultimate Resistance of the Raling for a Two-Span Falure Mode
atan End Secton or Jomt (lip)
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4 Transportation Figmre 5-397.104
‘ ’nsﬁllﬁ)[(')e MASH Compliance Assessment

(5) Strength Analysis ofthe Barrier at an End Section or Joint-Summary of Results:

Ry1.end = 3782 Kip Crtical Ultimate Resistance of the Raling for a Single Span Falure
: Mode at an End Section ar Joint (dp)

Ris ond = 53.192 kip Critical Ultirnate Resistance of the Raling for a Two-Spa Falure Mode
: at an End Sedtion or Joint Jap)

Roond = min(er - end,) - 3780 kip Totd Ultitnge Resistance of the railing ot an End Section or Jeint @ 7, (kip)
Note: The total Ultimate Resistance of the raling 1s the critical span failure
mode (e, the mintrm value of By gnd & Ryed)

Fhar = 214n Heght of the Resultant Foree of d Rails measured from the top of
the roadway surface/overlay (in)
Hy =280 Heght of Equivalent Transverse Loal
Fe= 71 kip Transverse Impact Force
RR d= Rr a M = 41.878 kip Totd Ultirnae Resistance of the railing at an End Section or Joint @ H, (kip)
en en H,
Structural Capacity_of Barrier_at End_Section_Check := |"OK' if Rp,.2F,

"NOT OK" otherwise

Structural Capacity_of Barrier_at Fnd Section Check = "NOT OK"
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= _"[exas ASM SUBJECT. MnDOT One-Line
<« Transportation Figme 5 397.104
‘ ’nStl-t!F}?e MASH Compliance Assessment

(6) Strength Analvsis ofthe Seperate End Post:

(6a) Bending Capacity of the Fnd Post about the T.ongitudinal Axis: M.

M anci
>’

Fgre fa Flemral Srength dnalysis of the Bad Post about the Longituclinagd Az,

Hspost = 20in Height of the end post measured from the top of the roadway/surface (in)
hspost = 18in Wadth of the end post (in.)

A spost = 1515i_n2 Area of one vertical reinforcement leg in the tension zone of the end post (in2)
Ngpost = 2 Mutrber of vericd reinforcement in the end post (in)
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= Texas A&GM SUBJECT: MnDOT One-Line
Transportation Figire 5-397.104
‘ Institute MASH Complisnce Assessment

(Sa-conti)) Bending Capacity of the Fnd Post ahout the Longiiudinal Axis: M, post

Aspost = nspost'Al.sp ast = 3.12-in2 Total Area of vertical reinforment in the tension zone of the end
pozt (in2)
As‘post'fy : ;
a —_— - 2030 -in Depth of the Whitney Stress Block (in.)

ost =
o 0.85- T hopost

spost = 11.5in ALyrerage extreme distance of tension vertical remforcement i the end post {in.)

aslesl:

] = 108.996 kip ft Flemra Capanty of the End Post shout the
Longituding s when constdering only the wertical
remforcment (kap-f)

Mg post = Aspust'fy'[dspust -
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(6) Stren gth Analysis ofthe End Post-Summary of Results:

H, = 19.in Height of the Transwerse Irapact Force, Fy(n.)
F,= 71.kip Transverse Irmpact Force locaed & H, (Jap)
Ms.p ost = 108996 kip ft Flesural Resistance of the End Post about the Lonaitudinal

Azis when considenng the cnticd reinforcment (- fift)

M
Rypast = S:'m - 6884 kip Structural Caparity of the End Post
e

Structural Capacity_of End Post Check = [

"OK" i Rgyoe2 Fy ]

"NOT OKAY" otherwise

Structural Capacity of Fnd Post Check = "NOT OKAY"
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(7) Conclusions:

Minimum_Height of Barrier Check = "NOT OKAY"

Post_Sethack Criteria Check = "NOT OK"

Snag Potential Criteria_Check = "NOT OK"

Structural Capacity_of Barrier_Check = "NOT OK"

Structural Capacity of Barrier at End_Section Check = "NOT OK"

Structural Capacity_of End Post Check = "NOT OKAY"

The One Line barrier from Figure 5-397.104 does not satis fy all
MASH TL-3 Criteria
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APPENDIX D1: G BARRIER ON BRIDGE NO. 09830 (FIGURE 5-397.107)



| Finish top of end

0 & n " . v " 11"
i post to /g" crown. ), 7% S e, & 0" Maximum A——I 3/16" Closure Plate. See DemlA\ 1' 6" Max_, _1' 6" Max, 7 T }
o
o x e pus Wb ! ,
Guardrail connec- Ao \ 2 LI | 2pee amn st shest”
tion detail. : _L_.. 4 "‘? lead shims 8-1/2" x 10-1/2"'

Trim & caulk in field

-

=t [ J o G : ]

R408
L BN
& =

| R |
i - N
/ il / -
L — 1 T ] ~—/
- - L gtu LJ}”- / 1’ 0" Max._Spacing £sesu" oL R A3y | by
Tewbview Am e [ ]:fm”;";';,, T —, A ,J }o— ¢ pettection sint —

4

3 I 15" |

3 g5t

3 458" +

2

1

" Y PLALED L -
1 _Standard Pipe See sheet 1 for location. SN Tnveans wane,  SECTION A-A

— e INSIDE ELEVATION OF RAILING

0 o o El'fhaisin® - » BILL OF REINFORCEMENT FOR RAILING,
i 1 =4 r Rail: 4 extra strong pipe-14.98 Ib. /1L . WAPE | LOCATION. ]
1 _ ;‘:’ £ T Sleeve: 3-5/8" Q. D. x 3/8" mech. tubing. 3/8" x 1" steel bar. 1"| Bent | Rail Transverse
} £ é{ 2 s I rill and tap R502| 768 |5 §° | Bent | Rail Transverse
H qH = | T S‘I’ s 12"9 countersunk - ifor 3/8" # boit. 4 : ent | End Post
. 1 - — g —@ o bolt, nut and lock washer 316" piate. R4G4| € E ent | End Post
&f Bo-<ypical | T u_{_ Round edges. _[RE[ie 378" [ gent
z [kl @+t & E - = T T Bent |
= P 4 o Str. W u
38" X 14" R / —T—<yical - %oy S Ral Long:Evdinal
VIEW C-C 38" $ csk. bolt 144 [29'0°] Str. 0 .
SECTION B-B
GUARI CONNECTION DETAIL 4" extra st 12" vee, top and DETAIL “A"
DRAIL " extra strong cal edges
GALVANIZE AFTEN FABRICKTION PER MLHD.3334 oo pipe 14.98 b, fit Varticat BETAIL OF END CLOSURE

314" cork

of

) GENERAL NOTES
DEFLECTION JOINT DETAILS Railbase and end post to be concrete mix No. 3Yd6A SPECIAL.

® Pipe shall comply with M. H.D. 3362 and shall have 2 minimum yield point of
35000 P. S, I.

/ﬁb-( ypical

10-1/4"

Structural steel shall comply with M. H. D. 3306.

Finish all edges of railbase & end post with 1/2" vee except where otherwise
noted.

Anchorages shall be accurately placed to provide correct alignment of railing.
Set normal to grade.

Galvanize pipe & structural steel per M_H. D. 3394 after fabrication. GCalv-
anize boits per M.H.D. 3392.

PR

D . 55"
f%m
| i) R506

b

R505
RS

12
0

W., i
A POST DETAIL

See superstructure sheet for railpost & joint spacing

Place the No. 5 end post stirrups when the No. 11 vertical bars are cast in
the abutment.

231 312 Maximum spacing of deflection joints 30' 0"

- Price bid for ornamental metal r‘ling includes the post anchorages and all
N N & material above railbase. Guardrail connection to be included in weight of
-1 structural steel M. H. D. 3306.
il 3
H !
\—3’6” x 1/4" bar.
Paint or galv. 1 "‘

Railing quantities are included In summary of quantities for superstructure.
not required.

e

Length of railing for payment is measured end to end of pipe.

-

"

It
L i

18]

718" 4 x 12" bolt with 2 nuts L i
and cut washer. ELEVATION

<
V.
s
o0

Fig. 5-397.107

Feb. 23, 1970
AL x P [Timee: 1 ﬂ
116" x 2" shotted hoes " ORNAMENTAL METAL RAILING ; Bridge Ne.
RAILPOST ANCHORAGE SECTION D-D Rs501 ONE LINE (TYPE &) Sheet No. 1\ of 15 Sheets | 02930
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(1) General Information and Inputs:

1y Feference: 4 A SHTO MASH TL-3 Condibons.
2) Assessthe adequacy of the barmer based on A A SHTO LEFD Section 13 criteria.

(1a) General Inputs:

', = 4000 psi Cotrpressive Strength of Concrete (psi)
fy = d0ksi Yield Strength of Concrete Reirforcing Sted, (ksi)
H, = 40.625in Total height of bndge ral systern measured from the top of the roadway

surfacefoverlay to the top of highest rail (n.)

Hp = 38.375in Height of the bridge ral system measured from the top of the roadway
surfacefoverlay to the centroid of the steel tube rail (in)

= Oin Thickness of overlay (n)

ty:

{1b) Concrete Parapet Inpauts:

x

L]
-
(=5

Overlay —/

Figure 1. Skeich af Concrate WalllParapet Showing Iput Wriables
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A |nstitute

{1b-conti.) Concrete Parapet Inputs:

H“r = 28in
hW = Hy + t, = 28.in

Parapet Yertical B einforcement Inputs:
Ayplmid = 0.31in°

Sypamid = 12in

L ongitudinal R einfor cement Inputs:

2

A, = 08in

dw = 12in

MASH TL-3 Compliance Assessment

Height of the conorete parapebéwall measured from the top of the roadway
surfacefovetlay (in)

Total height ofthe concrete parapetfwall (n)

Areaof one parapet vertical reinforcement leg in the tension zone at ridspan (i)

Arerage Spacing of parapet vericd remnforcement at midspan (n)

Extreme distance of parapet vertical renforcement in tension at midspan (in)

Areaof one parapet vertical reinforcernent leg in the tension zone at j oints/ends (in2)

ALrrerage Bpacing of parapet vericd reinforcement at jointefends (in)

Extrerne distance of tension parapet vertical reinforcement at joints/ends (n)

Areaof longitudinal reinforcement hars in tension (ind)

Estreme distance of tension longitudinal ranforcement of wall (in)

D-4
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(1b-conti) Concrete Parapet Tnpuats:

Deck Anchorage Vertical Reinforcement Inputs:

Lproj Rsoz = 10in Projected length of RS02E reinforcement over the slab (in)
Lyi d_RS02 = 12.625in Outer width of RS0ZE reinforcement (in.)

Cover ;= 2in Cover clear distance (in.)

Ratiopsp = % Inclined angle of RS0ZE reinforcement

db_Rﬂ]z = 0.625in Nominal diameter of R502E ranforcement 35 bar)
Coping = 2in Coping on the bak of the barner

; 1 ; :
d., = Lwid_RSIJZ + Lproj_RSUZ'RauDRSUZ + Cover — ;db_RSIJZ - Coping = 17.313in

Estreme distance of tension deck anchorage vericd remforcement (i)

A lmid = I].3-1i112 Areaof one dedk anchorage vertical reinforcement leg in the tension zone & midspan (Gn?)
Seamid = 12in ALorerage Bpacing of deds anchorage vertical remforcement at i dspan (n)

deg mid= Qea= 17313-in Extreme distance of tension deck anchorage verticd reinforcement of the wall & madepan(in.)
Aptmd = l:l_?;li_n2 Areaof one deck anchorage vertical reinforcement leg in the tension zone at joints/ends (in<)
Sem.end = 9-6in Asrerage Spacing of deck anchorage vertical reinforcement at jointsiends (in)

deq end = Ggg = 17313 in Extreme distance of tenston deck anchorage verticd renforcement at jointsfends {in.)
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(1b) Steel Rail, Post, nd Anchor Rod Inputs:

Steel Rail Inputs:
a) Steel Tube Railis MLHD. 3362 material, Fy=35kst

b Steel Tube Railis a 4" extra strong pipe

FyR = 38ksi Yield Strength of Steel Tube Rail (ki)
d,g = 45in Chutside diameter of Steel Tube Ral (in)
dip = 3.83in Inside diameter of Sted Tabe Ral (in)
Steel Post Inputs:

a) Zteel Postis WLH D 2306 matenal, Fy=36kst
by Steel Postis a 8"28"21"x 10" Angle Member

F}'P = 3oksi Yield Strength of Steel Post (kst)

wp = 10in Width of Sted Post about the bending =as (in.)

tP = Llin Thidmess of Sted Post (in)

hp = 0.28in Heaght from the bottom of the post to the
centroid of the steel tube rail (n)

Lp = 8ft Sted Post Spacing (ft)

Anchor Rod Inputs:
ayhnchor Rods are F1554 Gr 36 matenial, Fu=38Lka
bl Anchor Rods are 7/8"¢x 12"

Fyrodg = 58ksi Tenale Strength of Anchor Rods (si)

Niopdi= ¢ Nutnber of Anchor Rods

N od.tension = 2 Mumber of Anchor Rods in Tension

d,.qq = 5.25in Distanice from the anchor rods acting in
tension to the back of the steel plate (n)

Pood = %in Dianeter of Anchor Rods (in)

SUBJECT MnDOT G-Barier onBridge No. (9330

Figwe 5-397.107
MASH TL-3 Complimce Assessment

4" extre strong
pipe 14, 96 Ib. AL

) e alma0 W L
POST DETAIL
27340 311"
N
o1
38 z
zw‘ 7z _mi =
= A
'Y #
M { ?1 i
|49 s
.2
1-1/16" x 2" slotted holes
SECTION D-p

 I— P
%- &e
& o>
i
4 0
= \-—JJ " /4" bar.
b Paint or galv.
: not required,
[ 1) L1

718" § x 12" bolt with 2 nuts _L
and cut washer. ELEVATION

RAILPOST ANCHORAGE
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(1c) Design Force Inputs:

Design Forces for Traffic Rallings

SUBJECT. MnDOT G-Barier onBridge No. (9830
Figme 5-397.107
MASH TL-3 Complimmce Assessment

Test Lewel | Rail Height {in)) | F (kip) Fo (kip) | K kip) | Lv/Li (ft) Ly ift) He {in) | Hain {in)
TL-1 13 or ahove 135 45 45 4.0 15.0 18.0 18.0
TL-2 15 or ahove 270 an 45 4.0 15.0 20.0 18.0
TL-3 29 or ahove 710 18.0 45 4.0 15.0 19.0 29.0
TL- (a) 36 63.0 22.0 35.0 4.0 15.0 250 36.0
TL-4 (W |between 36 and 42 30,0 27.0 22.0 5.0 18.0 30.0 36.0
TL-S (a) 42 160.0 41.0 30.0 10.0 40.0 350 420
TL-S () greater than 42 262.0 75.0 160.0 10.0 40.0 43.0 420
TL 6 175.0 58.0 30.0 8.0 40.0 56.0 0.0
Eeferences:

o  TL-1and TL-2 Design Forces are from AASHTO LEFD Section 153 Table A132.2-1

& TL-3Desgn Forces are from research condu cted under NCHEP Project 2007 Task 395
o TL-4(a), TL4 (b), TL-S (&), and TL-5 (b) Design Forces are from research conducted under

NCHRP Project 22-20(2)

TL:= 3

Fy = 7lkip

= dft

He = 1%in

Hpin = 29in

H, = 40.625 in

Test Lewvel

Transverse Itmpact Force

Longitudinal Length of Distribution of Inpact Foree

Height of Equivdent Transverse Load

Whnimum height of a MASH TL-3 barmer (in)

highestrail {in.)

Total height of bndge ral system mesured from the top of the roadway surfacefover ay to the top of
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A i
‘ Lfg;}?lﬂ)?eﬂaﬂﬂﬂ MASH TL-3 Complismce Assessment
(2) Stability Criteria:
H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 40.625 in Totd height of bridge rail system measured from the top of the roadway surface/overlay to the top of

highest ral in)

Minimum_Height_of Barrier Check := |"OK" if H. = H_ ..
"NOT OK"  otherwise

Minimum_Height of Barrier Check = "OK"
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(4) Geometric

S post = L.75in

G, := 10375in

4
R

TA:= Hy + —— = 30.25-in
2

H, = 40.625-in

o
|

—_
=
|

on
|

C = VERTICAL CLEAR OPENING (in)

Criteria:

Post Setback {in.)
Note: Denoted as "S" in figure below.

Vertical Clear Opening (in.)

Total Rail Contact Width (in.)

SUBJECT: MnDOT G-Barrier on Bridge No. 09830

Figure 5-397.107
MASH TL-3 Compliance Assessment

Total height of the bridge rail measured fromthe top of the roadway surface/overlay (in.)

Note: Denoted as "H" in fipure below.

HIGH POTENTIAL

B g Ny .
Bridge rails in this area
have met NCHRP 230 saofety

\\\ gveluation guidelines.\

PREFERRED
LOW POTENTIAL

l:I,—I'RAILS
o

-5

-5

*— S

—
FOSTS/CE R

~— S

1 1 I I 1 I 1 I

0 2 4 6 8

: 10 12
S = POST SETBACK DISTANCE (in)

Figure Al13.1.1-2—Potential for Wheel, Bumper, or Hood
Impact with Post

§ A2

e Sl"' C.

% H

o.

2 A1

a0
oo l

1

SL

CONCRETE AND
METAL RAIL
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(3-conti.) Geometric Criteria:

Spost = 175 :in TA-=3025-in

Setluw_x:=(l] 1234546 789 10)

SUBJECT MnmDOT G-Barier onBridge No. (9830

Figme 5-397.107
MASH TL-3 Complismce Assessment

H, = 40,625 in

Setlow.y: {0.75 063 0.52 04 0315 028 027 026 025 0.245 0.245)

Setypx= (25 3 4 5 6 78 9 10)

Setl.lp.y =(08 0.725 0.6 05 046 044 043 D425 042)

ZA
raﬁDZAH = E = 0.745

Lower Bounday for Post Sethack Critena
x ad v coordinates

Upper Boundary for Post Sethadk Criteria
% and ¥ coordinaes

s . spust 1.75 Post Sethads rail genmetnic point
eloysx = n
Setgy sy = ratiops gy = 0.745 Ratio of Cantart Width to Totd Height rail geometric point
Post Setback Criteria
0.9
Lower Bound

0.8 Preferred |_ Upper Bound
:éb * @®@® Rail Geomelrics
E 0.7
o T
E Se“lmv.y
g — 04
5 Sy
o 0.5
o
— Sets

¥

5 oo‘s
= 0.4

0.3

Not Recommended
0.2
0 2 4 6 8 10
T T
Setlm'v.x ’SEtup.x ’SEtsys.x
Post Setback Distance (in.)
. Region Designaion
NotRecommended = 1 Marginal .= 2 Preferred = 3

Post_Setback_Criteria_Rail Geometric_Point .= Marginal

Mote Margnal region is between Lower and Upper Bounds
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(3-conti.) Geometric Criteria:
smag .= (0 3 13)

snagygy = (10 12 12)

snagyp x = (0 125 425 525 13)

snagy, .= (10 13 13 15 1s)

7ol

SUBJECT MnDOT G-Barier onBridge No. (9330
Figwe 5-397.107
MASH TL-3 Complimce Assessment

Lower Boundary for Snag Potential Criteria
% and ¥ coordinates

Upper Boundary for Snag Potential Criteria
x and ¥ coordinates

snagg = 1::“ -1 Post Setback rail genmeric poiat
: % Vertical Clear Opening rail ic pot
Aoy s.y = ;= 10.375 ettic ear Uperung ral geometric pount
Snag Potential
18
High Snag Potential
—_ 16
g
an
g T14
T Mony
Q' ———
o
5 snagy, ¢ 12
O smaggy ®
T eee 1
E Lower Bound
i - —— Upper Bound
Low Snag Potential 66 Rail Geometrics
"0 2 4 6 8 10 12 14
T T
STy x ’snag.lp.x ’magsys.x
Post Setback Distance (in.)

HighSnagPotential .= 1 Marginal = 2 LowSna,

. Region Designation
gPotential = 3 Mote; WMarginal region is betwesn Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point .= LowSnagPotential
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Institute
(3) Geometric Criteria - Summary of Results:
Post_Sethack Criteria_Check = | "OK" if Post Sethack Criteria Rail Geometric_Point = Preferred
"NOT OK'"  otherwise
Post_Sethack Criteria_Check = "NOT QK"
Snag Potential Criteria Check .= |"OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential

"NOT OK"  otherwise

Snag Potential Criteria Check = "OK"
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(4) LRFD Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(4a) Bending Capacity of the Wall about the Longitudinal Axis af Midspan: L, . (K-TtTt)

b= 12in Unit Wi dth of Wl (n)
Mote: b is talen as 18 per A4 SHTO Section 13 procedure

Avpl mid = 031 in2 Areaof one parapet vertical reinforcement leg in the tension zone (in?)
Syp.mid = 12.in Spacing of parapet verical remforcement at ridspan (i)
b 2
Avp.mid e 'Avpl.mid = 0.31 in Total Areaof parapet vertical reinforment per urit length of the weall
Sep.mid at idspan (nd)
dcp mid = 10:187 in Arrerage extreme distance of parapet vertical reinforcement in
] tension i)
AV]J.I’l'liﬂ 'fy ) :
a e ¥ pamMin Diepth of Whitney Stress Blods (i)

cp.mid -
0.851 b,

d _ Aep mid
G . Avp.rmd fy cp.mid 2 S kip-ft Flesural Resistance of the Wl ahout the Longitudinal
cpanid = b = TR Az at Midspan when considering only the parapet
¢ vertical reinforcment spedfied in Article 41331 (Je-firfl)

D-13
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‘ Lfg;}?&)?eﬂaﬂﬂﬂ MASH TL-3 Complismce Assessment

(4a-conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., k- ft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
. Extreme distance of tension deck anchorage vertical reinforcement
A mig = 17313 in of the wall Gin)
oo f
A Svamidly 0.304-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 17713 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = e fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip-ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 1037 ft at Midspan when considering the critical reinforcment
(k- /81)
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= Figire 5-397.107
‘ Lfg;}?&)?eﬂaﬂﬂﬂ MASH TL-3 Complismce Assessment

(4b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 0-31- in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 09.6-in Spacing of parape vertica remforcement at jomtsfends (i)
b 2
Avp md = 'Avpl md = 0388 in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)
a md = M = 0.38 in Depth of Whitney Stress Block (in.)
P- D85 b,
dcp end = 10.187in Ayrerage extreme distance of tension parapet verticd reinforcement at
jointsends (in)
fla B Aep.end
M : AVP endiy | epend 2 12.013 kip-ft Flezural Resistance of the Wall sbout the Longitudingd
cp.end = b = T Azis & Joints/Ends when considening only the parapet
2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.eng = 03110 jointsfends Gn2)
Sya.end = 9-6/in Sparing of deck anchorage wertical remforcement at jointsfends ()

]
Ala ond = { £ ]Aval ad = 0388 -in2 Totd Areaof deck anchorage vertical reinforment per wt length of the

Sva.end will at jointsiends (in2)
.. L . Depth of Whitney Stress Block (in)
d ~ Gesr b,
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7 | Institute MASH TL-3 Compliance Assessment

(4b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

Ay g = 17313-in Extreme distance of tension anchorage verticd remforcernent at joints/ends (i)

a

ca.emd
f-ld =
IVAW'end ¥ [ ca entl 2 ﬂ JHE kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes

ca.end = h ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)

M

kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at
joinitsfends when considering the oritical reinforoment - £/

Mgnd = min(Mcp_md,Mca_md) - 12013

(4c) Bending Capacity of the Wall ahout the Vertical Axis: M,

dy = 12.in Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)
A= u_g.inz Total Area of longituding reinforcementbars acting in tension (ind)
hy, = 28-in Total heaght of the barmer (in)
Aw'fy : 2 ;
a_ = ————=0336-in Deepth of the Whitney Stress Block (in )
¥o08sr b,
aw] ; : : S

- F - — | = 31552 kip ft Flesural Resistance of the Wall ahout the Verticd Asas speafied in

M= Ay {dw 2 ArticdeA13.31 (k)
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SUBJECT MnDOT G-Barier onBridge No. (9830
Figmre 5-397.107
MASH TL-3 Compliance Assessment

(4d) Determine the Ultimate Resistance of the Wall a Midspan: R,

Le {
—Lt—
i .4
[ —— e =
T N, o )
| o \ t %
. H | \.‘:ﬁ\. '.\" : Y i |
|‘ - ‘ﬁ\ I )///;-/ |

\\'\_.\ ; ~, b /
\\'\_ /
\ N /
\\\ \\\ * 1 y !
\_\'\ /!
N\ J LA
) “J/
r-l—' — -]
~ $ [N
|

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.

L {Lt]2+ [8hy (Mg + MyJ]

I | = 9.797 ft
cmid
3 2 M mid
2
Rmid = 18- Mg+ 8 M, +
2-Lemig ~ Ly

Monid' (Lcrrlid)2

H,=28in
MB = Okip ft

kip - ft
Mpnid = IU.ST-T

M, = 31.552 kip ft

Ly=dft

- 8708 kip

Height of the bamier measured from the
top of the oveday or roadway surface

fin.)
Moter Hy,= Hin Figure 3d

Mo additonal beam strength

Flex. Resistance of the Wdl about
the Long, A at Midspan (-firff)

Flex. Reststance of the W4l
dhout the Vert. Aons )

Longitudinal length of distribution
of inpact force (ft)

(Equatton 413.3.1-2)

(Equation &13.3.1-1)
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= Texas A&M L SUBJECT. MnDOT G-Barrier on Bridge No. (9830
4 Transportation Figmes.397.107
A [nstitute MASH TL-3 Complismee Assessment

(4¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, .4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

H =28 in Hetght of the barner measured from the top of the overlay or roadway surface (in)
Note: H,, =H in Figure 3e

Mg=0 Mo additional beam strength
M, = 31.552 kip ft Flex Resistance of the Wall ahout the Vet Asis (k-f)
Li=4-ft Longiudinal length of distnbution of immpact foree (&)
Ldp -t Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends

Meend = 12.913: sped fied in Article 4134.2 (le-fu'f)

2
L L Mg + M,
t t B 2
Lognd = =+ (—] + by | —— | = 5115 £ (Equation A13.5.14)
2 2 M
cend
(Meana Leana’)
2 d Leena .
Ryend = | —————— || Mg+ My, + ~——— “BC | _ 5661 kip (Equation A413.3.1-3)
2 Leeng ~ Lt hy
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= Texas A&M

AN Transportation
Al |nstitute

(4f) Steel Rail & Post Str sis:

Fyg - 35ksi
dyg = 45in

d;p = 3.85-in

3 3
(206 - 4e”)
Zp - Mor “GRJ 5824-in°
6

M, = Fyg -Zg - 16.986 kip-ft

Calculate the Plastic Strength of the Post Pp;

wp=1I]-1.n
tp=11.n
2
e
i PP sy’
d4
pr=36-ks1

Mpost = Fyp Zp = 75-kip ft

h, = 925 in
. . 9.73-kip
LT

SUBJECT MnDOT G-Barier onBridge No. (9830
Figme 5-397.107
MASH TL-3 Complismce Assessment

Yield Strength of Sted Tube Rail (ka)

Outside diameter of Steel Tube Ral (n)

Inade diameter of Steel Tobe Rail (in )

Flastic Sectional Modulus of the Steel Tube Ral (in?)

Plastic Moment Capacity of the Steel Tube Ral (Jap-ft)

Width of Steel Post ahout the bending axis (in)

Thickness of Steel Post (in.)

Flastic Sectona Modulus of the Steel Post ahout the bending azis (in)

Tield Strength of Steel Post (kst)

Plastic Moment Capacity of the Sted Post (lap-)

Height from the bottom of the post to the centroid of the sted tuberal dn)

Post Strength based on the Plastic Falure of a Steel Post (lap)
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z Texas ASM
Transportation

A [nstitute

SUBJECT. MnDOT G-Barier onBridge No. (9330
Figwe 5-397.107
MASH TL-3 Complimce Assessment

Calculate the Post Strength hased on the Ultimate Swrength of the Anchor Ro ds: Fy,

Furod = 38 ksi

$pq = 0875 in

= 2 2
Arog = :'q’rud = 0601 in
Ryt = Furod (0-7 Apeq) = 26.157 kip

By od tension = 2

dpod = 525 in

dy, = 1.5in

d,
Wrod = Qrod ~ ? = 4.7 in

M rod = ¥rod Fnt Nrod.tension = 20-70% Kip-ft
h]J =025.in

Mt rod

P rod = - 26.864 kip

Fov = Furod: (0.45-Amd) = 15.604 kip
Pyrod = Nrod Fuy = 62.778 kip
Ppy = min(Py 104, P

d) - 26.864 kip

V.ro

Tensile Strength of the Anchor Rods (est)

Drameter of Anchor Rods (in)

Area of adnchor Rod (ind)

Mominal strength of one dnchor Eod in Tenston (kdp)

Number of Anchor Rods acting in tension

Distance from the anchor rods acting in tension to the back of the steel
plae {in

Length of the sted plate heanng pressure acting on the conorete parapet (i)

Drstance from anchor rods acting in tension to the centroid of the
beanng pressure achng on the conerete parapet (in.)

Woment strength of Post based on tensile capacity of Anchor Rods (k-

Haght from the botiom of the postto the centroid of the steel twbe ral (in)

Post Strength based on the tensile capacity of Anchor Rods (ap)

Morminal strength of one anchor rod in Shear wih threads in shear plane Qap)

Post Strength hased on the shear caparity of Anchor Rods Jap)

Post Strength based on the Ultimate Strength of the Anchor Rods (kip)
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= Texas A&M SUBJECT MnDOT G-Barrier on Bridge No. 09330

. Figure 5-397.107
‘ ﬁggﬁ?{%ﬂa"on MASH TL- 3 Complismce Assessment

Calculate the Post Strength based on the Later al Punching Shear Resigtance of Concrete from Traffic Side Anchor
Rods: Ppy

Mote; This failure mechanism was modeledin SolidWorles.

2
Agdes = 062in

S, |
Apyack = 130N |

Anchor Rod
LPS ~ -

Failure Zone 1‘ ] ]

= 0.75 Shear Strength Reduction Factor
AL pg = Agdes+ Mpac = 0124 m2 Total &reaof Falure Flanes due to Lateral Punching Shear Falure (in?)
£, =4ks Conerete Cotnpressive Strength (ksi)

fe
Vilat = $-2 [— psi=- M487 pd Concrete Stress from Block Shear of Anchor Rods (psi)

psi -ACT318-14 Egn. 225.5.1

] 1 Post Strength based on the Lateral Punching Shear Resistance of Concrete

Pp3 = Velag Apps = 18215 kip from Traffic Side Anchor Rods (kip)
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= Texas A&M SUBTECT MnDOT G-Barrier on Bridge No. 09830

4N Transportation Figure 5-397.107
A Institute MASH TL-3 Compliance Assessment

Determine the Limiting (""WWorst Case'") Post Strength (kips): PP

Ppy = 973 kip Post Strength hased on the Flastic Failure of a Stee Post (lap)
1:!1:'2 = 26.864 kip Post Strength based on the Ultmate Strength of the Anchor Rods Jap)
A Post Strength based on the Lateral Punching Shear Resistance of Concrete
Pps = 18.215 kip frorn Traffi e Side Anchor Rods (kip)
Pp = min (PPI Ppa ’PPS) = 9.73 kip Post Strength found by using the Limiting (" Worst Case") Post Strength (kips)
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Z Texas A&M SUBIECT. MnDOT G-Barrier onBridge No. 09830
Transportation Figire 5.397.107
‘ Institute MASH TL-3 Complismce Assessment

Determine Ultimate Capacity of Steel Rail for a Simgle and Double Span Failure Mode:

L= ft Length of the Distribution of the Transverse Impact Force (ft)
LlJ =8 ft Steel Post Spacing ()
M, = 16.986 kip -ft Flexurd Capacity of the Steel Tube Rail (ap-ft)
Pp = 9.73 kip Post S trength found by using the Lirniting (" Worst Case") Post Strength (kips)
:MDC _‘)MDI
— I ST ST T
— | B E =
—— L: ——
Single—Span Failure Mode
Np=1 Mumher of Spans
14 +([Ny-1)Ny+ 1] PpL
Rp = ( Mp) |VI: L )( L ) £ p—| = 22.648 kip Ultimate Cepacity of rail over one span (kap)
(2:My L) - L
2L -
FI:\’
Li
| ‘\‘F'C _;“D
My - ~ - *::‘_‘:‘a\:: T My
:@k I y e
4—‘ Lt i.._
Two=Span Failure Mode
Ny=2
Mutrber of Spans
2
- 16/ M, + (NZ .PP-Lp) - 20820k | | _ |
R (ZNZ 'Lp) - Lg ! Ultnate Capartty of rail over two spans (Jap)
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= Texas A&M

Transportation

A Institute

Determine the Combined Resultsmt Str

of the Bri

SUBJECT MnmDOT G-Barier onBridge No. (9830
Figme 5-397.107
MASH TL-3 Complismce Assessment

Rail e1n:

Rall
[}
Pos :—\5 B i
[ EH |
[ Oy "

Wall J
.
!’ ’ Hy

Determine the Resultant Strength of the Bridge Rail System at Midspan: (R;)

o

>
e .

PLAN VIEW

Figure A13.3.3-1—Concrete Wall and Metal Rail
Evaluation—Impact at Midspan of Rail

Rp = 22.648 kip

Hp = 38375.in

Riymid = 57.08 kip

H, = 28in

Rypar1 = Br + Bymiq = 109-728 kip

Rp Hp + Rymig Hy

Yharl = R = 30.141.in
harl
H,=19-in
arl i
R; = Rpar1 = 174.072 kip
e

Ultimate Capacity of ral ower one span (ap)

Heght of the bridge rail system measured from the top of the roadway
surfacefoved ay to the centroid of the steel tube ral (in)

Ultimate Resistance of the concrete parapet at nidspan (kip)

Height of the concrete parapet measured fom the top of the roadway
surfacefoverd ay (in.)

Resultant Strength of the Bridge Rail System Located at w09
AASHTO Eqn A13.3.3-1

Effective Height of the Resultant Strength (in)
A ASHTO Egn. A13.3.3-2

Height of Equivalent Transverse Loal

Resultant Strength of the Bridge Fal System at nudspan located at H, (Jap)
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= Texas A&M

Transportation

-
A [nstitute

SUBJECT MnDOT G-Barier onBridge No. (9830
Figmre 5-397.107
MASH TL-3 Compliance Assessment

Determine the Resultant Strength of the Bridge Rail System at a Post: (R,)

Raoil

2 —
Wall—f :
: \ {]

post—-—LfH Ll [
¥
l

Rh% ‘PP

o —
- ——
P ——
- T -~
e ;f

"

PLAN VIEW

~

—a e

Figure A13.3.3-2—Concrete Wall and Metal Rail
Evaluation—Impact at Post

Ry = 20.826 kip

Hp = 38375.in

Ry niq = 87.08 kip

Rpar2 = Pp + Rpr + Ry = 104.301 kip

Hg:(Pp + Rp) + Ry Hy

Yhar? = = 31.039 in
Ryarz
H,=19in
Thar2 .
Ry = RharZ'[ - J= 170.392 kip
e

Ultimate Capacity of ral over two spans (ap)

Heght of the bridge rail systern measured from the top of the roadway
surfacefoverd ay to the centroid of the steel tube ral (in)

Ultimae Resistance of the concrete parap et at moidspan Jap)

Heght of the concree parapet measured fom the top of the roadway
surfacefoverday (in.)

Feduced Wall Strength (lap)
A ASHTO Egqn 413.3.3-5

Resultant Strength of the Bridge Raill Systern at a post located af vg0
AASHTO Egn. A13.3.3-3

Effective Height of the Resultant Strength (in)
A ASHTO Egn. A13.3.5-4

Haght of Equivalent Transverse Load (n)

Fesultant Strength of the Bridge Rail System at a post located at H, (lap)
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= Texas A&M L SUBJECT. MnDOT G-Barrier on Bridge No. (9830
4 Transportation Figmes.397.107
A [nstitute MASH TL-3 Complismee Assessment

(4 LRFD Strength Analysis of the Barier per AASHTO Section 13 Specifications - Summany of Resulis:

F,= 71 ldp Transverse Impad Force located at H, (lap)
R; = 174072 kip Resultant Strength of the Bridge Rail Systern at midspan located at H, (kap)
Structural Capacity of Barrier_at Midspan_Check = J"OK" if Ry zF,

"NOT OK™  otherwise

Structural Capacity_of Barrier_at NMidspan Check = "OK"

R, = 170.392 kip Resultant Strength of the Bridge Rail System at a post located at H,, (lap)

Structural Capacity _of Barrier_at_a Post_Check = |"OK" if Ry 2F,

"NOT OK" otherwise

Structural Capacity_of Barrier_at a Post Check = "OK"
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= Texas A&M SUBJECT MnDOT G-Barrier on Bridge No. 09830

4 Transportation Figur e 5-397.107
‘ Institute MASH TL-3 Complimnce Assessment

(5) Strength Analysis ofthe Seperate End Post:

(53) Bending Capacity of the End Post sbout the Longitudinal Axis: M,

M ypancl

Fgure 9. Flenral Srength Analysis of the Bad Post about the Longitudinal dxds

Hspost = 40.625in Height of the end post measured from the top of the roadway/surface (in)

bspost = 19.625in Width of the end post (in)

Al enost = 156i112 Area of one vertical reinforcement leg in the tension zone of the end post (in2)
k] #11 Bars

Ny spost = 2 Mutrber of vertical reinforcement m the end post (in)
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= Texas AGM SUBJECT. MnDOT G-Barrier on Bridge No. (9830

Transportation Figure §-397.107
‘ Institute MASH TL-3 Compliance Assessment

(Sa-conti;) Bending Capacity of the Fnd Post about the Tongitudina Axis: M, o

; . 2 ; : ] : o
Av.spost'= nv.spos‘t'Avl.spogz = 3.12-in Totd Area of verical reinforment in the tension zone of the end post (in<)

-f,
M =1.87.in Depth of the Whitney Stress Blodk (in)

2y .spost =
U'Ss'rc'bspost

dp spost = 19in Arrerage extreme distance of tension vertical reinforcement in the end post (in.)

a
ﬂ} - 18787 Lip ft Flezrural Capacity of the End Post about the
2 Longitudinag sz when considenng only the vertical
ranforcment fap-fi

Ms.post = ‘%‘.spos‘t'fy' [d'p.spost =
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= Texas A&M SUBJECT. P{IIIDE):S%I::?H& on Bridge No. 09330

‘ Tra H_SpO riation MASH TL-3 Complismce Assessment
Institute

(5a) Bending Capacity of the End Post about the Longitudinal Axis Summary of Resulis:

H, = 1%in Height of the Transverse Impact Force, Fy ()

Ms.p ost = 187874 kip ft Flexzural Resistance of the End Post ahout the Longtudinal
Axis when considenng the cnticd reinforcment (k-fiife)

M

Rs.pust S s.p:st = 118.657 kip Structurd Caparity of the End Post located &t H, (lap)
F,= 71 kip Transverse Irrpact Force locaed o H (Jap)
L Distnbution Length of the Irnpact Foree ()
hspost = 1635 ft Width of the End Post (ft)

bsP ost . ; ;
F. = Ft.[L_t] = 20.029 kip Ratioed Transverse [rpact Force located at H, (lap)

Structural_Capacity_of End_Post_ Check Aginst Ftr .= [

"OK" if Rgpoq = Fy ]

"NOT OK" otherwise

Structural Capacity_of End_Post Check Against Ftr = "OK"

Structural_Capacity_of End Post Check_Against Ft = [

"OK" if Rgpoq 2 F ]

"NOT OK"  otherwise

Structural Capacity of End_Post_Check Against Ft = "OK"
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- Texas A&M SUBJIECT MnDOT G-Barier onBridge No. 19330

- Figme 5-397.107
‘ ;;'rg;}f!’}% riation MASH TL-3 Complimce Assessment

(6) Conclusions:

Minimum_Height of Barrier Check = "OK"
Post_Sethack_Criteria Check = "NOT OK"

Snag Potential Criteria_Check = "OK"
Structural Capacity_of Barrier_at Midspan Check = "OK"

Structural Capacity_of Barrier at a_Post Check = "OK"

Structural_Capacity_of End Post Check_Against Fir = "OK"

Structural Capacity_of End Post Check_Against Ft = "OK"

The G-Barrier on Bridge No. 09830 (Fig. 5-397.107) has not satisfied all
MASH TL-3 Criteria
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APPENDIX D2: G BARRIER ON BRIDGE NO. 19021 (FIGURE 5-397.109)
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Finish top of end
jpost to /B crown.|

I' 6" 241 6" Max. 8 6" Max 16U max 1! 6" Ma, 1"
. USRS .. U P - L 6" Ma)
ol Riirsd o aa b . 1 e {Panel) ) I See Detail A—. e R - 1o
piv g ge | guardrail connection. L_l____ﬂ__‘...‘,i. o Name Plate A 2 gt | . a1
See Guardrail e ety Rim af plate 1o be flush with concrete " y 12" § weec hole (Typ. ) At 45 14"
-85 I C;lnn:;lnr?nmii ‘ l ' See sheét 1 for location | l . ' sl 1 L1 1Pc 4l isqfL sheet
il - : ¥ V2" Clr:— lead 8-112" x 10-12*
| >\ I | : - / - T ] 4 i 1 \}‘4‘] I ;1 i /_Trim & caulk in fiekd
) ~ B B i / . Rail bars Fil See Enlarged | 3 g -
| i‘”ﬂ =Y V“\:I -1z [y el 1 £l : EX
i 1T, S = £ - — —=— — - : ¥
[ o, W ¢ 9 ! %l 5y, :
s 58] 3] TN Ll T2 el
= Rros i = =TT oy I t 14 5 7
2-ReD w g&e;rﬁ_m\r- —————————— I = 1717177 rE— =8 - EF AR b Y I — 3
—1 - Vi - -~
1 21 ?rona‘:rxurb | - =l T &
i 2 ﬁ ::! Permissible Construction Jint LoV~ Jade ic:l =
. = e
E L i - — E : 1
“roxd- - T
! S L3 tong. Rail Bars 1.} Aed 02 sl
| e MY i ‘ | A i | f =g
i K l 733y sps @ 1' 0" Max_Spacing 35050 4/[R50), RS0Z, RSIS W Res | i —
T @, s e 2
For Joint, see e \ oy b Deflection Joint L ¢ xpansion Joint r
Abutment Shi g ' o
DEFLECTION JOINT EXPANSION JOINT Constr. joint
END ‘UIEI' s = e Expansion device not shown. SECTION A-A . Finish rough
’ ~—— 1" Standard pipe, INSIDE ELEVATION OF RAILING Expansion joint required only
L if expansion device is used.
—= 1 - Gutter s See superstructure sheets.
f Rail: 4" extra &rong pipe-14.98 Ib. /L )
] j ] Line Slesve: 358" 0.P. % 38" mech tubing V8" x 1bar. Drill BILL OF REINFORCEMENT FOR RAILING
e s | - & tap for cap screw. ;¢(PE ;ﬂt;l]’tg@ll
B 2 2 ent | Rl Vertical |
[ § T i L 3/16" End Pit Bent | Rail Vertical
! = o= 44 Bars Lon -0 Round edges. Bent End Vertical
I == 44 Bacs Long. ¢ . Benl | _End Vertical
) = g i Bent End Long.
i Tpical l_ l . < Ltz Senl a1 G.t_Gom
S Str’ ail Lon
o] L wawr T w : e
L 20 Vi 'J 112" Weep Hole (Typ. ) RS6 (24 | A-0" | Ber riai Tromer
SECTION B8 12" vee, top and 2" at all pipe ends Rag| 8 | aj-0 | st Rail Long
-—r‘g 1# Holes in Pit. SECTION 0-B /Y“mul m, SECTION F-F
T = 4" extra strong t . DETAIL “A” .
[ z pipe 14.98 Ib. f1t.
| ET ~ DEFLECTION JOINT DETAIL
e H 3 GENERAL NOTES
@4 3L 2l RSS Railbase 10 be Concrete Mix No. 3YA6A.
I . WV _‘ RS04 . Pipe shall comply with M. K. D. 3362. The 4" ¢ pipe shall have a minimum
i3 = o yield point of 35000 P, S. 1.
WSS = e E structural steel shall comply with M, H, [, 3306,
GUARDRAIL CONNECTION DETAIL : ini i " i
GALYUATE AFTES FARRIGATION PER B.N.8& 3304 ,.‘,, N . ;'I mﬂl all edges of railbase and end post with 1/2" vee, except where otherwise
EsL WL 37 (b L - b §
; R T * = L] Ancharages shall be accurately placed to prov_je correct alignment of railing.
6" Exact 3 Set normal to grade.
[ i 8% x 10 ' 10"
= L a1 0y R505 Galvanize pipe and structural steel per M. H.D. 339 after fabrication. Galv-
% POST DETAIL # —Is" L. anize bolts and anchorages per M. H D. 3392
'——f 1 e [ . See superstructure sheet for joint spacing.
2 3 -1F@_ 15716 x 2 slotted hole Maximum spacing of concrete deflection joints shall be 30" 0" Railpipe
3 E o deflection joints shall be placed in same panel as concrete deflection joints.

Price bid for ornamental metal railing includes the post anchorages and all
material above railpase. Guardrail connection to be included in weight of
structural steel M H.D. 3306

& 2

EY

1 F-
o 1Y (/ ¢ . 12
2\ o 5 = Length of ornamental metal railing for payment is measured end to end of pipe.
\' mlt 7& Py Railing quantities are included in summary of quantities for superstructure.
19 Rod, 4 nuts, [l\ Fig. 5-397.109
&2 cut washers ¥l L_I) - g Ju'n.ez 971
per M,H.D. 3306 i I 1-316" Rad. .
g [TITLE: i
oo | _ Re03 Rso1 CONCRETE RAILING (TYPE ) [ow Bridge No.
RAILPOST ANCHORAGE SECTION E-E WITH PIPE AND INTEGRAL END PoST [ Sheet No.20 of 26 Sheets | 19021
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= Texas A&M SUBJECT MnDOT G-Barier onBridge No. 19021

< Transportation Figime 5 397.100
A Institute MASH TL-3 Complismee Assessment

(1) General Information and Inputs:

1y Eeference: & 4 ZHTO WA SH TL-3 Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.

(1a) General Inputs:

', = 4000 psi Cotrpressive Strength of Concrete (psi)
fy = 60ksi Yield Strength of Concrete Reirforcing Sted, (ksi)
H, = 40.625in Total height of bndge ral systern measured from the top of the roadway

surfacefoverlay to the top of highest rail (n.)

Hp = 38.375in Height of the bridge ral system measured from the top of the roadway
surfacefoverlay to the centroid of the steel tube rail (in)

tyiin Thickness of overlay (n)

(Ib) Concrete Parapet Inputs:

Overlay
Fgure I Sheteh of Concrate Wall/Parapet Showing Input Wriables
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= Texas A&M SUBJECT. MnDOT G-Barrier on Bridge No. 19021
Transportation Figre §-397.109

7]
A [nstitute

(Ib-conti)) Concrete Parapet Inputs:

H, = 18in

h = Hy + t; = 28:in

Parapet Vertical Reinforcement Thputs:
Ayplmid = 0.31in°
Syp mid = 12in

d = 10.1875in

cp.mid -

Ayplend = 031in”

Svp.end = din

dl:]J.B’lﬂ = 10.1875in

L ongitudinal R énforcement Inputs:

o

A, = 08in

d,, = 9.625in

MASH TL-3 Compliance Assessment

Height of the conorete parapetforall measured from the top of the roadway
surfacefoverlay (in)

Total height ofthe concrete parapetfwall (n)

Areaof one parapet vertical reinforcement leg in the tension zone at ridspan (i)

Ayrerage Sparing of parapet verticd reinforcement at midspan (in)

Extreme distance of parapet vertical reinforcement in tension at mudspan (in)

Areaof one parapet vertical reinforcement leg in the tension zone at j oints/ends (ind)

Ayrerage Bpacing of parapet verlicd remforcement at jointsfends (in)

Extreme distance of tension parapet vertical reinforcemnent at joints/ends {in.)

Areaof longitudinal reinforcement hars in tension (1nd)

Extreme distance of tension longitudinal ranforcement of wall {in.)
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= Texas A&M SUBJECT MnDOT G-Barrier on Bridge No. 19021

< Transportation Figire 5-397.109
‘ Institute MASH TL-3 Complizmce Assessment

(1b-conti.) Concrete Parapet Inputs:

Deck Anchorage Vertical Reinforcement Inputs:

Lproj_RSln = 10in Projected length of R502 reinforcement over the slab (in.)

L d_Rs02 = 13in Outer width of RS02 reinforcement (in.)

Cover = 2in Cower clear distance (in.)
il : ;
Ratio = — Inclined angle of RS0ZE reinforcement
Rs02 12
db_Rﬂ]z = 0.625in Nominal diameter of R502E ranforcement 35 bar)
Coping = 2in Coping on the back of the barmer

: 1 : ;
dl:a = Lwid_RSDZ + Lproj_RSUZ'Rau'JR.’)UZ + Cover — Zdb_r‘nsm i CD]J]Ilg = 17.688 in

Estreme distance of tension deck anchorage vericd remforcement (i)

A lmid = I].3-1i112 Areaof one dedk anchorage vertical reinforcement leg in the tension zone & midspan (Gn?)
Seamid = 12in ALorerage Bpacing of deds anchorage vertical remforcement at i dspan (n)

Aeg mid= Uga= 17.688-in Extreme distance of tension deck anchorage verticd reinforcement of the wall & madepan(in.)
Aptmd = l:l_?;li_n2 Areaof one deck anchorage vertical reinforcement leg in the tension zone at joints/ends (in<)
Sem.end = 4in Asrerage Spacing of deck anchorage vertical reinforcement at jointsiends (in)

deq ond = Qeq = 17:688 in Extreme distance of tension deck anchorage verticd reinforcement o jointsfends (in.)
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= Texas A&M
4N Transportation

R | otiiite

(1b) Steel Rail, Post, ad Anchor Rod Inpats:

Steel Rail Inputs:
a) Steel Tube Rail is ML HD. 3362 material, Fy=35ksi
by Steel Tube Railis a 4" extra strong pipe

SUBJECT. MnDOT G-Barier onBridge No. 19021

Figmre 5-397.109
MASH TL-3 Compliance Assessment

4"t strang
ple 14,98 Ib. 1L

FyR = 35ksi Yield Strength of Steel Tube Rail (ki)
d g = 4.5in Outside diameter of Steel Tube Rail (in.) ciririe ard
dp = 3.83in Inside diateter of Sted Tube Ral (in) PORY SATAR
Stesl Post Inputs:
a1 Steel Postis WMIH I 3306 matenal, Fy= 36kat
by Steel Postis a 8"28"x1"210" Angle Member
: : PR 10
pr = 36ksi Yield Strength of Steel Post (ki) Lo 15726 x 2 sictad e
L 10in Width of Sted Post about the bending @as (in.) A rL] ~
/i ;; U .
ty = lin Thidmess of Sted Post (in.) éi ;" : - 4 &
o1 -t
ol
h]J = 10.25in Haght from the botiom of the post to the 1 =
centroid of the steel tube rail Gn.) 11l . {0
L_:= 85ft Stedl Post Spacing (ft) L 3 .-]
P SECTION E-E
Anchor Rod Inputs: 6" Exact

arhnchor Bods are F1554 Gr 36 matenial, Fu=58ka
brdnchorBods are 1"¢x 13" T balt

Fy yod = S8ksi

u.ro

Noga=1 Number of &nchor Rods

Nrod.tension =

Tensile Strength of Anchor Rods dest)

2 Mumber of Anchor Eods in Tension

d.ogq = Sin Distance from the anchor rods ading in
tension to the back of the steel plate {in.)
¢rod = lin Diameter of Anchor Rods (in)

\— 1" ¢ Rod, 4 nute
& 2 cul washers
per M H. D, 330

RAILPOST ANCHORAGE
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A [nstitute MASH TL-3 Complismce Assessment

(1c) Desion Forrce Inputs:

Design Forces for Traffic Ralings
Test Lewel | Rail Height {in) | F (kip) FL (dip) | R kip) | Lv/Lo (f0) Ly ift) He in) | Hain {in)
TL-1 15 or ahove 135 45 45 4.0 18.0 18.0 18.0
TL-2 18 or above 270 a0 45 4.0 18.0 200 18.0
TL-3 29 or above 710 18.0 45 4.0 18.0 19.0 29.0
TL4 (@ 36 68.0 2.0 38.0 40 18.0 250 36.0
TL4 (b |between 36 and 42 300 Z7n 22.0 50 18.0 300 36.0
TL-5 (@) 42 160.0 41.0 30.0 10.0 40.0 350 42.0
TL-5 () greater than 42 262.0 7.0 160.0 10.0 40.0 430 42.0
TL6 175.0 58.0 30.0 2.0 40.0 56.0 90.0
References:

® TL-1and TL-2 Design Forces are from AASHTO LEFD Section 13 Table A13.2-1

o TL-3Desgn Forces are from research condu cted under CHEP Project 2007 Task 395

o TL-4{a), TL<4 (b3, TL-S (), and TL-3 (b) Desgn Forces are from research conducted under
MNCHREP Project 22-20(2)

TL:= 3 Test Level

Fy:= 7lkip Transverse [rpact Force

Ly = 4ft Longitudingl Length of Distribution of Impact Force

H, = 19in Height of Equivdent Transverse Load

H iy = 29in WMinimum height of a MASH TL-3 bamer (in)

H, = 40.625 in Total haght of brdge ral system mesured from the top of the roadway surfacefoverd ay to the top of
highestrail {in.)
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(2) Stability Criteria;

H i =29in Iirirmm height of a MASH TL-3 barrier (in.)

H, = 40.625 in Totd height of bridge rail system measured from the top of the roadway surface/overlay to the top of
highest ral in)

Minimum_Height_of Barrier Check := |"OK" if H. = H_ ..
"NOT OK"  otherwise

Minimum_Height of Barrier Check = "OK"
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(4) Geometric

S post = L.75in

G, := 10375in

4
R

TA:= Hy + —— = 30.25-in
2

H, = 40.625-in

o
|

—_
=
|

on
|

C = VERTICAL CLEAR OPENING (in)

Criteria:

Post Setback {in.)
Note: Denoted as "S" in figure below.

Vertical Clear Opening (in.)

Total Rail Contact Width (in.)

SUBJECT: MnDOT G-Barrier on Bridge No. 19021

Figure 5-397.109
MASH TL-3 Compliance Assessment

Total height of the bridge rail measured fromthe top of the roadway surface/overlay (in.)

Note: Denoted as "H" in fipure below.

HIGH POTENTIAL

B g Ny .
Bridge rails in this area
have met NCHRP 230 saofety

\\\ gveluation guidelines.\

PREFERRED
LOW POTENTIAL

l:I,—I'RAILS
o

-5

-5

*— S

—
FOSTS/CE R

~— S

1 1 I I 1 I 1 I

0 2 4 6 8

: 10 12
S = POST SETBACK DISTANCE (in)

Figure Al13.1.1-2—Potential for Wheel, Bumper, or Hood
Impact with Post

§ A2

e Sl"' C.

% H

o.

2 A1

a0
oo l

1

SL

CONCRETE AND
METAL RAIL
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(3-conti.) Geometric Criteria:

Spost = 175 :in TA-=3025-in

Setluw_x:=(l] 1234546 789 10)

SUBJECT MnmDOT G-Barier onBridge No. 19021

Figme 5-397.109
MASH TL-3 Complismce Assessment

H, = 40,625 in

Setlow.y: {0.75 063 0.52 04 0315 028 027 026 025 0.245 0.245)

Setypx= (25 3 4 5 6 78 9 10)

Setl.lp.y =(08 0.725 0.6 05 046 044 043 D425 042)

ZA
raﬁDZAH = E = 0.745

Lower Bounday for Post Sethack Critena
x ad v coordinates

Upper Boundary for Post Sethadk Criteria
% and ¥ coordinaes

s . spust 1.75 Post Sethads rail genmetnic point
eloysx = n
Setgy sy = ratiops gy = 0.745 Ratio of Cantart Width to Totd Height rail geometric point
Post Setback Criteria
0.9
Lower Bound

0.8 Preferred |_ Upper Bound
:éb * @®@® Rail Geomelrics
E 0.7
o T
E Se“lmv.y
g — 04
5 Sy
o 0.5
o
— Sets

¥

5 oo‘s
= 0.4

0.3

Not Recommended
0.2
0 2 4 6 8 10
T T
Setlm'v.x ’SEtup.x ’SEtsys.x
Post Setback Distance (in.)
. Region Designaion
NotRecommended = 1 Marginal .= 2 Preferred = 3

Post_Setback_Criteria_Rail Geometric_Point .= Marginal

Mote Margnal region is between Lower and Upper Bounds
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(3-conti.) Geometric Criteria:
smag .= (0 3 13)

snagygy = (10 12 12)

snagyp x = (0 125 425 525 13)

snagy, .= (10 13 13 15 1s)

8

SUBJECT. MnDOT G-Barier onBridge No. 19021
Figmre 5-397.109
MASH TL-3 Compliance Assessment

Lower Boundary for Snag Potential Criteria
% and ¥ coordinates

Upper Boundary for Snag Potential Criteria
x and ¥ coordinates

snagg = %ﬂ -1 Post Setback rail genmeric poiat
: % Vertical Clear Opening rail ic pot
Aoy s.y = ;= 10.375 ettic ear Uperung ral geometric pount
Snag Potential
18
High Snag Potential
—_ 16
g
an
g T14
T Mony
Q' ———
o
5 snagy, ¢ 12
O smaggy ®
T eee 1
E Lower Bound
i - —— Upper Bound
Low Snag Potential 66 Rail Geometrics
"0 2 4 6 8 10 12 14
T T
STy x ’snag.lp.x ’magsys.x
Post Setback Distance (in.)

Region Designation

HighSnagPotential := 1 Marginal = 2 LowsnagEatential '3 Note: Marginal regionis between Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point .= LowSnagPotential
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(3) Geometric Criteria - Summary of Results:

Post_Sethack Criteria_Check = | "OK" if Post Sethack Criteria Rail Geometric_Point = Preferred
"NOT OK'"  otherwise

Post Sethack Criteria Check = "NOT OK*

Snag Potential Criteria Check .= |"OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential
"NOT OK" otherwise

Snag Potential Criteria Check = "OK"
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(4) LRFD Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(4a) Bending Capacity of the Wall about the Longitudinal Axis af Midspan: L, . (K-TtTt)

b= 12in Unit Wi dth of Wl (n)
Mote: b is talen as 18 per A4 SHTO Section 13 procedure

Avpl mid = 031 in2 Areaof one parapet vertical reinforcement leg in the tension zone (in?)
Syp.mid = 12.in Spacing of parapet verical remforcement at ridspan (i)
b 2
Avp mid = 'Avpl mid = 0-31-in Total Areaof parapet vertical reinforment per urit length of the weall
Sep.mid at idspan (nd)
dcp mid = 10188 in Arrerage extreme distance of parapet vertical reinforcement in
tension (i)
e .
acn nid = m = 0.436 in Depth of Whitney Stress Blodk (in)
o 0.85-f b,
d _ Aep mid
G . AVP nid fy cp.mid 2 e kip-ft Flesural Resistance of the Wl ahout the Longitudinal
cpanid = b = T H Az at Midspan when considering only the parapet
¢ vertical reinforcment spedfied in Article 41331 (Je-firfl)
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(4a-conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., k- ft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 17.688 i
ca.mid = +/0es1n ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 27,062 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = e fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 15437 ft at Midspan when considering the critical reinforcment
(k- /81)
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(4b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 0-31- in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 4-in Spacing of parape vertical ranforcement atjomtsfends (in)
b 2
Avp md = 'Avpl md = 093 in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)

g g~ Spendly 1368 in Depth of Whitney Stress Block (in.)

ok 085£ b,
dcp end = 10.188 in Ayrerage extreme distance of tension parapet verticd reinforcement at

jointsends (in)
i la _ Aep.end

M ] AVP ey epend 2 44102 kip-ft Flezural Resistance of the Wall sbout the Longitudingd

cp.end b TR ft Azis & Joints/Ends when considening only the parapet

2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.end = 0310 Srittends 40}
Syaend = 40 Sparing of deck anchorage wertical remforcement at jointsfends ()
¢ 2
AL end = A1 g = 0.93in Totd Areaof deck anchorage vertical reinforment per wat length of the
Sva.end will at jointsiends (in2)
L S Depth of Whitney Stress Block (in)
' 085, b,
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(4b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

A, g = 17-688-in Extreme distance of tension anchorage verticd remforcernent at joints/ends (i)
a5 % ca.end
) Ava.end Ty'| dea.end 2 kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes
Mgy end = h = 7.067: ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)
kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at

Meend = mjn(Mcp.md > Mca.md) = 4.102. joinitsfends when considering the oritical reinforoment - £/

(4c) Bending Capacity of the Wall ahout the Vertical Axis: M,

d,, = 9.625 in Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)
A= u_g.inz Total Area of longituding reinforcementbars acting in tension (ind)
hy, = 28-in Total heaght of the barmer (in)
Ay 'fy : 2 ;
— T Ds04.in Deepth of the Whitney Stress Block (in )

aw =
085 hy,

aw] : : : e
= £, - — | = 37.492 kip ft Flextural Resistance of the Wall about the Verticd Asas speafied in
M= Ay {dw 2 ArticdeA13.31 (k)
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(4d) Determine the Ultimaie Resistance of the Wall & Midspan: R,

Le
I__ 4 ——a
| -4,
B |
T —m—m————
T NN 2
’ 1 | 2 7
.| H xS
| Q. !| i |
. 7
L 1 8% -

. Height of the bamier measured from the
Hy=28in top of the overay or roadweay surface

fin.)
Mate: Hy, = Hin Figure 3d

Mp = Okip ft Mo additional beamn strength

M, 1= 15.43-1’-M Flex. Resistance of the Wdl about
cmid fit

the Long, Ass at Midspan - i)

Flex. Resistance of the Wl

I\/[w = 37492 kip ft
dhout the Vert. Ass (k-

Longitudinal length of distribution

Ly=dft
of impact force (ft)

Flgre 30 Mald Line Analysis of Concrate Pavapet Walls for
I pact within Wall Segment,

U )

L .3i==— —_
cmid
2 2 Ml:n’l.il:l
Rw : 8- M 8 I\/I,.,-r
mid = |8 Mg+ 8 +
2 Lemid ~ Lt

= 0.024 ft

Memia (Lemid)

(Equation 413.3.1-2)

2
= 119.403 kip (Equation A13.3.1-1)

hy
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(4¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, .4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

M, = 37.402 kip ft

Ly- 4-ft

Lip -ft

Mgng = 44192

Hetght of the barner measured from the top of the overlay or roadway surface (in)
Note: H,, =H in Figure 3e

Mo additional beam strength

Flex Resistance of the Wall shout the Vert. Aoas (k-f)

Longiudinal length of distnbution of immpact foree (&)

Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
spedfied in Article 4134 2 (ki)

SUBJECT MmDOT G-Barier on Bridge No. 19921

2
L L Mg+ M,
t t B
Lend ==+ [_] b h, | — 4445 Tt
2 2 M, end

2
(Mcend' Leend j .
| Mg + M, + —————| = 168.384 kip

2
2 Leend ~ Lt hy,

(Equation 413.3.14)

(Equation A13.3.1-3)
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(4f) Steel Rail & Post Str sis:

Fyg - 35ksi
dyg = 45in

d;p = 3.85-in

3 3
(206 - 4e”)
Zp - Mor “GRJ 5824-in°
6

M, = Fyg -Zg - 16.986 kip-ft

Calculate the Plastic Strength of the Post Pp;

wp=1I]-1.n
tp=11.n
2
e
i PP sy’
d4
pr=36-ks1

Mpost = Fyp Zp = 75-kip ft

h, = 10.35 in
Ppi- Hhrod 8.78-kip
p

SUBJECT MnDOT G-Barrier onBridge No. 19021
Figme 5-397.109
MASH TL-3 Complismce Assessment

Yield Strength of Sted Tube Rail (ka)

Outside diameter of Steel Tube Ral (n)

Inade diameter of Steel Tobe Rail (in )

Flastic Sectional Modulus of the Steel Tube Ral (in?)

Plastic Moment Capacity of the Steel Tube Ral (Jap-ft)

Width of Steel Post ahout the bending axis (in)

Thickness of Steel Post (in.)

Flastic Sectona Modulus of the Steel Post ahout the bending azis (in)

Tield Strength of Steel Post (kst)

Plastic Moment Capacity of the Sted Post (lap-)

Height from the bottom of the post to the centroid of the sted tuberal dn)

Post Strength based on the Plastic Falure of a Steel Post (lap)

D-49




== Texas A&M

Transportation

A [nstitute

SUBJECT. MnDOT G-Barier onBridge No. 19021
Figmre 5-397.109
MASH TL-3 Compliance Assessment

Calculate the Post Strength hased on the Ultimate Swrength of the Anchor Ro ds: Fy,

Furod = 58 kst

g - 1'in

Arod = %'q’rudz - 0.785 in”

R = Fu.rod'(u"B'Arud) = 3.165 kip

By od tension = 2

drgq - Sin

dy, = 1.5in

d,
Wrod = Qrod ~ ? =45in

M rod = ¥rod Fnt Nrod.tension = 25624 Kip-ft
h]J = 10.25-in

Mt rod

P rod = - 20.998 kip

Ryy = Fyrod (045 Ap0q) = 20499 kip
Pyrod = Nrod Fny = 20.499 kip
Ppy = min(Py oq.P

d) = 20,490 kip

V.ro

Tensile Strength of the Anchor Rods (est)

Drameter of Anchor Rods (in)

Area of adnchor Rod (ind)

Mominal strength of one dnchor Eod in Tenston (kdp)

Number of Anchor Rods acting in tension

Distance from the anchor rods acting in tension to the back of the steel
plae {in

Length of the sted plate heanng pressure acting on the conorete parapet (i)

Drstance from anchor rods acting in tension to the centroid of the
beanng pressure achng on the conerete parapet (in.)

Woment strength of Post based on tensile capacity of Anchor Rods (k-

Haght from the botiom of the postto the centroid of the steel twbe ral (in)

Post Strength based on the tensile capacity of Anchor Rods (ap)

Morminal strength of one anchor rod in Shear wih threads in shear plane Qap)

Post Strength hased on the shear caparity of Anchor Rods Jap)

Post Strength based on the Ultimate Strength of the Anchor Rods (kip)
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Calculate the Post Strength based on the Later al Punching Shear Resigtance of Concrete from Traffic Side Anchor

Rods: Ppy

Mote; This failure mechanism was modeledin SolidWorles.

2
Agdes = in

3 f
Apyack = 120in |

#, - 0.75
A pe 0115m°
LPS = Asides + Apack = 0115 m

f.=dks

i
C - -
Vilat = 2 ‘E-psl= o487 pd

Pp3 = Velar Apps = 16081 kip

Anchor Rod
LPS ~ -

Failure Zone | 1 ]

Shear Strength Reduction Factor
Total &reaof Falure Flanes due to Lateral Punching Shear Falure (in?)

Conorete Compressive Strength (st

Conerete Stress from Block Shear of Anchor Rods (pst)
-ACT318-14 Egn. 225.5.1

Post Strength based on the Lateral Punching Shear Resistance of Concrete
from Traffic Side Anchor Rods (Jap)
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Determine the Limiting (""WWorst Case'") Post Strength (kips): PP

Pp; = 8.78 kip Post Strength hased on the Flastic Failure of a Stee Post (lap)
1:!1:'2 = 20.499 kip Post Strength based on the Ultmate Strength of the Anchor Rods Jap)
A Post Strength based on the Lateral Punching Shear Resistance of Concrete
Pps = 16981 kip frorn Traffi e Side Anchor Rods (kip)
Pp = min (PPI Ppa ’PPS) = 8.78 kip Post Strength found by using the Limiting (" Worst Case") Post Strength (kips)
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Determine Ultimate Capacity of Steel Rail for a Simgle and Double Span Failure Mode:

L= ft Length of the Distribution of the Transverse Impact Force (ft)
LlJ = 85.ft Steel Post Spacing ()
M, = 16.986 kip -ft Flexurd Capacity of the Steel Tube Rail (ap-ft)
Pp = 8.78 kip Post S trength found by using the Lirniting (" Worst Case") Post Strength (kips)
g
- My _ ¢ T M
_,_._“—'f/-_ilfl B E =
—— L: ——
Single—Span Failure Mode
Np=1 Mumher of Spans
14 +([Ny-1)Ny+ 1] PpL
Rp = ( Mp) |VI: L )( L ) £ p—| = 20.906 kip Ultimate Cepacity of rail over one span (kap)
(2:My L) - L
2L -
FI:\’
Li
| ‘\‘F'C _;“D
My - ~ - *::‘_‘:‘a\:: T My
:@k I y e
4—‘ Lt i.._
Two=Span Failure Mode
Ny=2
Mutrber of Spans
2
Rp: = 10V (NZ PP'LP) - 19.011 kip . . _
R (ZNZ 'Lp) - Lg ’ Ultnate Capartty of rail over two spans (Jap)
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Determine the Combined Resultsmt Str

SUBJECT MnDOT G-Barier on Bridge No. 19921
Figmre 5-397.109
MASH TL-3 Compliznce Assessment

of the Bridge Rail e1n:

Rall
[ |
R
N B
p“'_\;j R, i

Wall J
.
!’ ’ Hy

-y

Determine the Resultant Strength of the Bridge Rail System at Midspan: (R;)

o

>
e .

PLAN VIEW

Figure A13.3.3-1—Concrete Wall and Metal Rail
Evaluation—Impact at Midspan of Rail

Rp = 20.906-kip

Hp = 38375.in

Riymid = 119-403 kip

H, = 28in

Rypar1 = B + Bymiq = 14031 kip

Rp Hp + Rymig Hy

Yharl = Rpors = 20546-in
Al
H,=19-in
Yhar
R]. =i Rbarl' H = 2-18.188-101]
e

Ultimate Capacity of ral ower one span (ap)

Heght of the bridge rail system measured from the top of the roadway
surfacefoved ay to the centroid of the steel tube ral (in)

Ultimate Resistance of the concrete parapet at nidspan (kip)

Height of the concrete parapet measured fom the top of the roadway
surfacefoverd ay (in.)

Resultant Strength of the Bridge Rail System Located at w09
AASHTO Eqn A13.3.3-1

Effective Height of the Resultant Strength (in)
A ASHTO Egn. A13.3.3-2

Height of Equivalent Transverse Loal

Resultant Strength of the Bridge Fal System at nudspan located at H, (Jap)
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Determine the Resultant Strength of the Bridge Rail System at a Post: (R,)

Raoil

2 —
Wall—f :
: \ {]

post—-—LfH Ll [
¥
l

Rh% ‘PP

o —
- ——
P ——
- T -~
e ;f

"

PLAN VIEW

~

—a e

Figure A13.3.3-2—Concrete Wall and Metal Rail
Evaluation—Impact at Post

Rp: = 19.011 kip

Hp = 38375.in

Ry niq = 119-403 kip

Rpar2 = Pp + Rpr + Ryo = 135.161 kip

Hg:(Pp + Rp) + Ry Hy

Yhar? = = 30.133 in
Ryarz
H,=19in
Thar2 .
Ry = RharZ'[ - J = 214.359 kip
e

Ultimate Capacity of ral over two spans (ap)

Heght of the bridge rail systern measured from the top of the roadway
surfacefoverd ay to the centroid of the steel tube ral (in)

Ultimae Resistance of the concrete parap et at moidspan Jap)

Heght of the concree parapet measured fom the top of the roadway
surfacefoverday (in.)

Feduced Wall Strength (lap)
A ASHTO Egqn 413.3.3-5

Resultant Strength of the Bridge Raill Systern at a post located af vg0
AASHTO Egn. A13.3.3-3

Effective Height of the Resultant Strength (in)
A ASHTO Egn. A13.3.5-4

Haght of Equivalent Transverse Load (n)

Fesultant Strength of the Bridge Rail System at a post located at H, (lap)
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(4 LRFD Strength Analysis of the Barier per AASHTO Section 13 Specifications - Summany of Resulis:

F,= 71 ldp Transverse Impad Force located at H, (lap)

R; = 218.188 kip Resultant Strength of the Bridge Rail Systern at midspan located at H, (kap)

Structural Capacity of Barrier_at Midspan_Check = J"OK" if Ry zF,
"NOT OK" otherwise

Structural Capacity_of Barrier_at NMidspan Check = "OK"

R, = 214.350 kip Resultant Strength of the Bridge Rail System at a post located at H,, (lap)

Structural Capacity _of Barrier_at_a Post_Check = |"OK" if Ry 2F,
"NOT OK"  othewise

Structural Capacity_of Barrier_at a Post Check = "OK"
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(4) Strength Analysis of the Integral Fnd Post:

(44) Bending Capacity of the Fnd Post and Conjoining Barrier Segment about the Long, Axis: M,

b, = 12in Unit Width of Wall (in.)

Bending Capacity of End Post and C onjoining Barrier Segment C onsidering only the Parapet Vertical Reinf-
Nate: See Mgure I for avisual representation of the reinforcement bars,

Ag ipost = l],44i112 Aerage area of one vericd remforcement leg in the tension zone at the end
post and conjoining barder segment (in?)

. = 10in Awerage spacing of vertical reinforcement & the end post and corg oimng
sV.l]JIJSt : :
barner segment (in.)

b
Av.ipost = 5 'Avl.ipost = IZI.SQS-in2 TotdArﬁgo.fvmicz.ﬂ reitiforment per unit length of the wall atthe end post
Sy.ipost and conjoining harrier segment (ind)
. £
al:.ipust:= % - 0.776.in Drepth of Whitney Stress Block (i)
e
dl:.ipost = 16in Average extrame distance of tension vertical reinforcement ot the end post
and coryoining harrier segment (1n)
At £.ld . _ dcipost Flera Resistance of the end post and conjoining
L Jdpost Ty | Tc.ipost 2 /| kip ft harrier segment ahout the Longitndinag Az when
IMl:.ip ost = b = 41215 1t considenng the cnticd remforcment spedfied in Artidle

c £13.3.1 (kB e- )
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= Texas A&M SUBJECT MnDOT G-Barrier onBridge No. 19021

Transportation FigreS.397.100
‘ Institute MASH TL-3 Complismce Assessment

(4b) Bending Capacity of the Fnd Post and Conjoming Barrier Segment about the Vert. Avis: M,

2

Awl.ipost = 0.2in Areaof onelongitudind reinforcement bar in tension (in)
Ny ipost = 4 Mumber of longituding reinfircemernt bars acting in tension
Aw.ipost ] Awl.ip ost' Mw.ipost = 08 -in2 Total Area of longitadinal reinforcement bars acting in tension (ind)
h, =28.in Total height of the barier (i)
ay ipost = Aw.lpost Y _ 0s04.in Depth of the Whitney Stress Block (n)
0851, h,

d ipost = 11.625in Ayrerage extreme distance of tension longitudinal

: reinforcement (n)

= 45492 kip ft Flexural Resistance of the end post and conjoting
harrier segment ahout the Vertical Asas specified in
Atticle A133.1 (£

2y ipost
I\/Iw.ipust = A\iv.ilmst'fy' [dw.ipost P
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= Texas A&M SUBJECT MnDOT G-Barier onBridge No. 19021

4 Transportation Figime 5 397.100
A |nstitute MASH TL-3 Complismee Assessment
(4c) Determine the Ultimate Resistance of the Fnd Post and ConjoiningBarrier Segment: Ry, .

Pgure de. Red Line Analysis ofthe Bnd Post and Cowjoiring Barvier Segmea,

M, 13.866m —2 1
o 13866m. Spft
.ipost ft

kip -ft Flesturd Resistance of the end post and conjoining barmer segment shout the
M jpost = 41.215- Longitucina Axis specified in Article A13.4.2 (k- fif)
L =4 ft Distribution Length of the Inpact Foree (£
Hw - 2%.in Total Height of the Barner in)
L L)’ My,

SO S | e IO 2 L) R (Equation 413.3.1-4)

c.ipost 2 2 LAY

c.ip ost
M, spost Le.ipost
Ry ipost = : | My ipost * Jpost _cipost ) | | 161.243.1dp (Equation A13.3.1-3)
2 LC.i]JIJSt - Ly Hy
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= Texas AGM SUBTECT MnDOT G-Barrier onBridge No. 19021

Transportation Figire 5-397.109
" Institute MASH TL-3 Compliamce Assessment
(4 Structural Capacity of the End Post ad Conjoining Segment of Barier - Summary of Results:
H, = 28.in Height of the barner measured from the top of the roadway
surfacefoverd g7 (n)
R, fhgst 161243 kip Ultimate Resistance of the end post and cony oitung bamier segment (lap)
H,= 19.in Height of the Transverse Impact Forcs Fy(in.)
Hy
Ry ] i | — | = 237.621 -kip Structural Capacity of the end post and conjoimng barrier
R.ipost Rw.lpos(: H,, seatapst rcebed 3t 1 (i)

Fy= 71 kip Transverse Inpact Force located & H, ddp)

Structural Capacity_of End Post and Conjoining Barrier Segment Check = [

"OK" if Rpipost 2 Fy J

"NOT OK" otherwise

Structural Capacity_of End Post and_Conjoining Barrier Segment Check = "OK"
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= Texas A&M SUBJECT MnDOT G-Barier onBridge No. 19021
Transportation Figur e 5-397.109
A |nstitute MASH TL-3 Complismee Assessment

(6) Conclusions:

Minimum_Height of Barrier Check = "OK"

Post_Sethack Criteria Cherk = "NOT OK"

Snag Potential Criteria_Check = "OK"

Structural Capacity_of Barrier at Midspan Check = "OK"

Structural Capacity_of Barrier at a_Post Check = "OK"

Structural Capacity_of End Post and Conjoining Barrier Segment Check = "OK"

The G-Barrier on Bridge No. 09830 (Fig. 5-397.107) has not satisfied all
MASH TL-3 Criteria
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APPENDIX D3: G BARRIER ON BRIDGE NO. 86812 (FIGURE 5-397.107)
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= Texas A&M SUBJECT MnDOT G-Barier onBridge No. 86812

< Transportation Figime 5 397.107
A Institute MASH TL-3 Complismee Assessment

(1) General Information and Inputs:

1y Feference: 4 A SHTO MASH TL-3 Condibons.
2) Assessthe adequacy of the barmer based on A A SHTO LEFD Section 13 criteria.

(1a) General Inputs:

f, 1= 4000 psi Compressive Strength of Concrete (pst)
fy = aillksi Yield Strength of Concrete Reinforcing Sted, (est)
H,. := 40.625in Total height of bndge ral system measured from the top of the roadway

surfacefoverlay to the top of hughest rail dn.)

Hp = 38375in Height of the bridge ral systern measured from the top of the roadway
surfacefoverlay to the centroid of the steel tube rail (in)

byl Thickness of overlay (n)

(1b) Concrete Parapet Inpants:

i Y

Overlay —/

Fgure 1 Sheteh of Concrate Wall/Parapet Showing Input Wriables
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= Texas A&M SUBJECT. MnDOT G-Barrier on Bridge No. 86812
Transportation Figire 5-397.107

|
A |nstitute

(Ib-conti)) Concrete Parapet Inputs:

H, = 28in

hw:= Hy + tD=28-in

Parapet Vertical Reinforcement Thputs:
i
Avpl.mid = 0.31in
Sypmiq = 12in

dl:]].l’l'l.iﬂ = 10.1875in

Ayplend = 031in”

Svp.end = din

L ongitudinal R einfor cement Inputs:

2

A, = 08in

d,, = 9.625in

MASH TL-3 Compliance Assessment

Height of the conarete parapetforall measured from the top of the roadway
surfacefoverlay (in)

Total height of the concrete parapetfeall an)

Areaof one parapet vertical reinforcement leg in the tension zone at midspan (in?)

Ayrerage Bparing of parapet verficd reinforcement at roi dspan (n.)

Estreme distance of parapet vertical ranforcement i tension af midspan in)

Areaof one parapet vertical reinforcement leg in the tension zone at jointsfends (in2)

Ayrerage Bpacing of parapet verticd reinforcement at jointsfends (in)

Estreme distance of tension parapet vertical reinforcement at jointefends (n)

Areaof longitudinal reinforcement hars in tension (ind)

Extreme distance of tension longitudinal renforcement of wall (in.)
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= Texas A&M SUBJECT MnDOT G-Barrier on Bridge No. 86812

< Transportation Figire 5-397.107
Al Institute MASH TL-3 Complimnce Assessment

(1b-conti)) Concrete Parapet Inpants:

Deck Anchorage Vertical Renforcement Inputs:

L’proj_RSl]Z = 10in Projeded length of R502 reinforcament over the slab (in)
Lwid_RSDZ = 13in Cater width of R502 reinforcement (in.)

Cover = 2in Cover clear distance (in.)

Ratiopgp, = % Inclined angle of R502 reinforcement

db_Rﬂ]Z = DL.625in Nomminal diameter of R502 ranforcement #5 ba)
Coping = 2Zin Coping on the hack of the harmer

¢ 1 ; ;
do, = Lwid_RSDZ + Lproj_RSUZ'RauDRﬂ]Z + Cover — Zdb_RSDZ - Coping = 17.688.in

Extreme distance of tenston deck anchorage verticd renforcement (in))

A1 mid = III.Splin2 Area of one deds anchorage vertical reinforcement leg in the tension zone at midspan (in?)
Simmid = 12in Arerage Bpacing of dede anchorage vertical remforcement at ri dspan (in)

den mid'= 9ep= 17688 in Extreme distance of tension deck anchorage verticd reinforcement of the wall at midspaniin )
Avtlend = I]31i112 Areaof one deds anchorage vertical reinforcement leg in the tension zone at jointsfends (ind)
Sym.end = 4in Asrerage Spacing of deck anchorage vertica reinforcement at jointsiends (in)

deq end = Ggg = 17.688 in Extreme distance of tenston deck anchorage verticd renforcement at jointsfends {in.)
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Institute
(1b) Steel Rail, Post, ad Anchor Rod Inpants:

SUBJECT MnDOT G-Barier onBridge No. 36812
Figwe 5-397.107
MASH TL-3 Complimce Assessment

A" extra strong

Steel Rail Inputs: pige 1A, 98 I T
a) Steel Tube Rail is WMLHD. 3362 matenial, Fy—=35kst o
b Steel Tube Railis a 4" extra strong pipe |
|
Fyg = 35ksi YVield Strength of Steel Tube Ral (kei) g !
2 E
d,g = 45in Chutside diameter of Steel Tube Ral (in)
L]
dip == 3.83in Inside diameter of Sted Tube Ral {in) | —wararar eg
POST DETAIL ,
Steel Post Inputs:
a) Zteel Postis WLH D 2306 matenal, Fy=36kst
by Steel Postis a 8"28"21"x 10" Angle Member
F}'P = 3oksi Yield Strength of Steel Post (kst) O P
I!- -§ 15/16" x 2" shotted hole
-~ 10 Width of Sted Fost ahout the bending ads (in.) ZI il
wp in ‘ﬁ h &
WY ¥ 5
tp = lin Thidemess of Sted Post {in) _ f SHJ ™M .
31 F#;-_-..-...r =
Y Vi | A
hp = 10.25in Heaght from the bottom of the post to the . 2 P _,.1 |
centroid of the steel tube rail (in.) A | & |
| 11
LP = B.Eft Sted Post Spacing (ft) L - x) .J .
SECTION E-E
Anchor Rod Inputs:
ayhnchor Rods are F1554 Gr 36 matenial, Fu=38Lka
bidnchorRods are 1"p = 15" T bolt 6" Exact Iy
Fyrodg = 58ksi Tenale Strength of Anchor Rods gest) 2
: S = 1
Mpa=1 TMumber of Anchor Rods E E
1
Ny odtension = 2 Number of Anchor Fods i Tenston .
dTl]ﬂ = 5.0in Tistance from the anchor rods ating in \_ - X
: o Rod, 4 nutt
tension to the back of the steel plate (n) &2 cul Washers
per M, H.D, 330
Pppq = lin Dianeter of Anchor Rods (in) "

RAILPOST ANCHORAGE
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(1c) Design Force Inputs:

Design Forces for Traffic Rallings

SUBJECT MnDOT G-Barier onBridge No. 36812
Figme 5-397.107
MASH TL-3 Complimmce Assessment

Test Lewel | Rail Height {in)) | F (kip) Fo (kip) | K kip) | Lv/Li (ft) Ly ift) He {in) | Hain {in)
TL-1 13 or ahove 135 45 45 4.0 15.0 18.0 18.0
TL-2 15 or ahove 270 an 45 4.0 15.0 20.0 18.0
TL-3 29 or ahove 710 18.0 45 4.0 15.0 19.0 29.0
TL- (a) 36 63.0 22.0 35.0 4.0 15.0 250 36.0
TL-4 (W |between 36 and 42 30,0 27.0 22.0 5.0 18.0 30.0 36.0
TL-S (a) 42 160.0 41.0 30.0 10.0 40.0 350 420
TL-S () greater than 42 262.0 75.0 160.0 10.0 40.0 43.0 420
TL 6 175.0 58.0 30.0 8.0 40.0 56.0 0.0
Eeferences:

o  TL-1and TL-2 Design Forces are from AASHTO LEFD Section 153 Table A132.2-1

& TL-3Desgn Forces are from research condu cted under NCHEP Project 2007 Task 395
o TL-4(a), TL4 (b), TL-S (&), and TL-5 (b) Design Forces are from research conducted under

NCHRP Project 22-20(2)

TL:= 3

Fy = 7lkip

= dft

He = 1%in

Hpin = 29in

H, = 40.625 in

Test Lewvel

Transverse Itmpact Force

Longitudinal Length of Distribution of Inpact Foree

Height of Equivdent Transverse Load

Whnimum height of a MASH TL-3 barmer (in)

highestrail {in.)

Total height of bndge ral system mesured from the top of the roadway surfacefover ay to the top of
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SUBJECT. MnDOT G-Barier on Bridge No. 36812

= Jexas A&M Figre 5 397.107

A i
‘ Lfg;}?lﬂ)?eﬂaﬂﬂﬂ MASH TL-3 Complismce Assessment
(2) Stability Criteria:
H i =29in Iirirmm height of a MASH TL-3 barrier (in.)
H, = 40.625 in Totd height of bridge rail system measured from the top of the roadway surface/overlay to the top of

highest ral in)

Minimum_Height_of Barrier Check := |"OK" if H. = H_ ..
"NOT OK"  otherwise

Minimum_Height of Barrier Check = "OK"
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(4) Geometric

S post = L.75in

G, := 10375in

4
R

TA:= Hy + —— = 30.25-in
2

H, = 40.625-in

o
|

—_
=
|

on
|

C = VERTICAL CLEAR OPENING (in)

Criteria:

Post Setback {in.)
Note: Denoted as "S" in figure below.

Vertical Clear Opening (in.)

Total Rail Contact Width (in.)

SUBJECT: MnDOT G-Barrier on Bridge No. 86812

Figure 5-397.107
MASH TL-3 Compliance Assessment

Total height of the bridge rail measured fromthe top of the roadway surface/overlay (in.)

Note: Denoted as "H" in fipure below.

HIGH POTENTIAL

B g Ny .
Bridge rails in this area
have met NCHRP 230 saofety

\\\ gveluation guidelines.\

PREFERRED
LOW POTENTIAL

l:I,—I'RAILS
o

-5

-5

*— S

—
FOSTS/CE R

~— S

1 1 I I 1 I 1 I

0 2 4 6 8

: 10 12
S = POST SETBACK DISTANCE (in)

Figure Al13.1.1-2—Potential for Wheel, Bumper, or Hood
Impact with Post

§ A2

e Sl"' C.

% H

o.

2 A1

a0
oo l

1

SL

CONCRETE AND
METAL RAIL
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 Texas A&M _
Transportation

Al |nstitute
(3-conti.) Geometric Criteria:

Spost = 175 :in TA-=3025-in

Setluw_x:=(l] 1234546 789 10)

SUBJECT MnmDOT G-Barier onBridge No. 36812

Figme 5-397.107
MASH TL-3 Complismce Assessment

H, = 40,625 in

Setlow.y: {0.75 063 0.52 04 0315 028 027 026 025 0.245 0.245)

Setypx= (25 3 4 5 6 78 9 10)

Setl.lp.y =(08 0.725 0.6 05 046 044 043 D425 042)

ZA
raﬁDZAH = E = 0.745

Lower Bounday for Post Sethack Critena
x ad v coordinates

Upper Boundary for Post Sethadk Criteria
% and ¥ coordinaes

s . spust 1.75 Post Sethads rail genmetnic point
eloysx = n
Setgy sy = ratiops gy = 0.745 Ratio of Cantart Width to Totd Height rail geometric point
Post Setback Criteria
0.9
Lower Bound

0.8 Preferred |_ Upper Bound
:éb * @®@® Rail Geomelrics
E 0.7
o T
E Se“lmv.y
g — 04
5 Sy
o 0.5
o
— Sets

¥

5 oo‘s
= 0.4

0.3

Not Recommended
0.2
0 2 4 6 8 10
T T
Setlm'v.x ’SEtup.x ’SEtsys.x
Post Setback Distance (in.)
. Region Designaion
NotRecommended = 1 Marginal .= 2 Preferred = 3

Post_Setback_Criteria_Rail Geometric_Point .= Marginal

Mote Margnal region is between Lower and Upper Bounds




= Jexas ARM
Transportation

7
A [nstitute

(3-conti.) Geometric Criteria:
smag .= (0 3 13)

snagygy = (10 12 12)

snagyp x = (0 125 425 525 13)

snagy, .= (10 13 13 15 1s)

7ol

SUBJECT MnDOT G-Barier onBridge No. 36812
Figwe 5-397.107
MASH TL-3 Complimce Assessment

Lower Boundary for Snag Potential Criteria
% and ¥ coordinates

Upper Boundary for Snag Potential Criteria
x and ¥ coordinates

snagg = 1::“ -1 Post Setback rail genmeric poiat
: % Vertical Clear Opening rail ic pot
Aoy s.y = ;= 10.375 ettic ear Uperung ral geometric pount
Snag Potential
18
High Snag Potential
—_ 16
g
an
g T14
T Mony
Q' ———
o
5 snagy, ¢ 12
O smaggy ®
T eee 1
E Lower Bound
i - —— Upper Bound
Low Snag Potential 66 Rail Geometrics
"0 2 4 6 8 10 12 14
T T
STy x ’snag.lp.x ’magsys.x
Post Setback Distance (in.)

HighSnagPotential .= 1 Marginal = 2 LowSna,

. Region Designation
gPotential = 3 Mote; WMarginal region is betwesn Lower and Upper Bounds

Snag Potential Criteria_Rail Geometric_Point .= LowSnagPotential
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 Texas A&M SUBJECT NMnDOT G-Barier on Bridge No. 56812

= Figmre 5-397.107
‘ Tmn_sp ortation MASH TL-3 Complismce Assessment
Institute
(3) Geometric Criteria - Summary of Results:
Post_Sethack Criteria_Check = | "OK" if Post Sethack Criteria Rail Geometric_Point = Preferred
"NOT OK'"  otherwise
Post_Sethack Criteria_Check = "NOT QK"
Snag Potential Criteria Check .= |"OK" if Snag Potential Criteria_Rail Geometric_Point = LowSnagP otential

"NOT OK" otherwise

Snag Potential Criteria Check = "OK"
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= Texas A&M SUBJECT MnDOT G-Barrier on Bridge No. 86812

Transportiation Figir e 5-397.107
A [nstitute MASH TL-3 Complisce Assessment

(4) LRFD Strength Analysis ofthe Barrier per AASHTO Section 13 Specifications:

(4a) Bending Capacity of the Wall about the Longitudinal Axis af Midspan: L, . (K-TtTt)

b= 12in Unit Wi dth of Wl (n)
Mote: b is talen as 18 per A4 SHTO Section 13 procedure

Avpl mid = 031 in2 Areaof one parapet vertical reinforcement leg in the tension zone (in?)
Syp.mid = 12.in Spacing of parapet verical remforcement at ridspan (i)
b 2
Avp mid = 'Avpl mid = 0-31-in Total Areaof parapet vertical reinforment per urit length of the weall
Sep.mid at idspan (nd)
dcp mid = 10188 in Arrerage extreme distance of parapet vertical reinforcement in
tension (i)
e .
acn nid = m = 0.436 in Depth of Whitney Stress Blodk (in)
o 0.85-f b,
d _ Aep mid
G . AVP nid fy cp.mid 2 e kip-ft Flesural Resistance of the Wl ahout the Longitudinal
cpanid = b = T H Az at Midspan when considering only the parapet
¢ vertical reinforcment spedfied in Article 41331 (Je-firfl)
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= Texas A&M SUBJECT. MnDOT G-Barier on Bridge No. 36512

= Figwe 5-397.107
‘ Lfg;}?&)?eﬂaﬂﬂﬂ MASH TL-3 Complismce Assessment

(4a-conti,) Bending Capacity of the Wall about the Longitudinal Axis at Midspan: M, ., k- ft/ft)

i Areaof one deck anchorage verticd remnforcement leg in the tension
AL 1 mig = 0.31-in

zone (ind)
Syamid = 120 Spacing of deck anchorage vertical reinforcement at modspan (in)
b 2 . . .
Avamil:l - 'Aml mid = 0.31 in Totd Areaof deck anchorage vertieal reinforment per unit
Sya.mid length of the well & midspan (in?)
Extreme distance of tension deck anchorage vertical reinforcement
d = 17.688 i
ca.mid = +/0es1n ofthe wall in)
oo f
A Svamidly 0.456-in Depth of Whitney Stress Block (i)
@AM p8s.£o b,
2ca.mid
o | s
M ) Avamid fy ( cariid 2 ]:| 27,062 kip -ft Flessural Resistance of the Wl about the Longitudinal Asis
ca.mid -~ b = e fit at Midspan when considering only the deck anchorage
£ reinforcment specified in Article A13.3.1 (k-fo'f)
) 7 kip- ft Flesural Resistance of the Wl ahout the Longitudinal 4sas
Mg '= min (Mcp.mid’ Mca.mid) = 15437 ft at Midspan when considering the critical reinforcment
(k- /81)
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= Texas A&M SUBJECT: MnDOT G-Barrier on Bridge No. 36812

= Figwe 5-397.107
‘ Lfg;}?&)?eﬂaﬂﬂﬂ MASH TL-3 Complismce Assessment

(4b) Bending Capacity of the Wall about the Longitudinal Axis ai JointsFnds: M., 4

b.=12-in Urit Width of Wl (n.)
Avpl end = 0-31- in2 Areaof one parapet vertical reinforcement leg in the tension zone at joints/ends (in2)
Syp.end = 4-in Spacing of parape vertical ranforcement atjomtsfends (in)
b 2
Avp md = 'Avpl md = 093 in Totd Area of parapet vertical reinforment per unit length of the weall £
Syp.end joints'ends (1n2)

g g~ Spendly 1368 in Depth of Whitney Stress Block (in.)

ok 085£ b,
dcp end = 10.188 in Ayrerage extreme distance of tension parapet verticd reinforcement at

jointsends (in)
i la _ Aep.end

M ] AVP ey epend 2 44102 kip-ft Flezural Resistance of the Wall sbout the Longitudingd

cp.end b TR ft Azis & Joints/Ends when considening only the parapet

2 verticd remforcment specified in Article A13.3.1 (B
T 2 Areaof one deck anchorage verticd reinforcement leg in the tension zone at
Aval.end = 0310 Srittends 40}
Syaend = 40 Sparing of deck anchorage wertical remforcement at jointsfends ()
¢ 2
AL end = A1 g = 0.93in Totd Areaof deck anchorage vertical reinforment per wat length of the
Sva.end will at jointsiends (in2)
L S Depth of Whitney Stress Block (in)
' 085, b,
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(4b-conti.) Bending Capacity of the Wall about the Longitudinal Axis af Joints/Ends: M, 4

A, g = 17-688-in Extreme distance of tension anchorage verticd remforcernent at joints/ends (i)
a5 % ca.end
) Ava.end Ty'| dea.end 2 kip - ft Flesurd Fesistance of the Wall about the Longitudinal Aes
Mgy end = h = 7.067: ft at joints/ends when considering only the deck anchorage
£ reinforcment specified in Artide A13.3.1 (k-f/8)
kip-ft Flesurd Fesistance of the Wall ahout the Longiudinal dsas at

Meend = mjn(Mcp.md > Mca.md) = 4.102. joinitsfends when considering the oritical reinforoment - £/

(4c) Bending Capacity of the Wall ahout the Vertical Axis: M,

d,, = 9.625 in Lorerage extreme distance of tension longitudinal reinforcement of weall (in.)
A= u_g.inz Total Area of longituding reinforcementbars acting in tension (ind)
hy, = 28-in Total heaght of the barmer (in)
Ay 'fy : 2 ;
— T Ds04.in Deepth of the Whitney Stress Block (in )

aw =
085 hy,

aw] : : : e
= £, - — | = 37.492 kip ft Flextural Resistance of the Wall about the Verticd Asas speafied in
M= Ay {dw 2 ArticdeA13.31 (k)
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(4d) Determine the Ultimate Resistance of the Wall a Midspan: R,

Le |
T Lt — . Height of the barrier measured from the
| Hy = 28in top of the oveday or roadway surface
| 4 . in)
_ et — Moter Hy,= Hin Figure 3d
. —— — e — N, S
o | e e S
. ! \\.. \"Jf_",?: 4 |
H R | | Mg - Okip ft Mo additional bearn strength
) R - |
|* o /',’//
L N
=
| M nig = 15437 g Flezxx. Resistance of the Wal shout
! N ' {\\ Sl ft the Long. Axis &t Midspan (c- )
Ly ~ /
NN
\ N\ /
hY /
\\ \\\\ * 1 3 /
\'\\J L/ M, = 37.492 lip ft Flexe Resistance ofthe Wall
™) “J/ chout the Vert. Axis (k-f)
B l £
) \ / / > L= dft Longitudinal length of distribution
| \\ ,/_;" of impact force (ft)
* \ ff e
"‘-“_\\ i ."’f:
H, v."’- He
L \\,,

Fgure 3d Veld Line Analysis af Concrae Farapet Walls jor
I pact within Wall Segment.

i L, {Lt]2+ [s-hw-(MB+ Mw):l

Lemid=—+ [|— = 0.024 ft (Equation 413.3.1-2)
cmid
2 2 Memid
2
) R e
P d d :
Rmid = {8 Mg+ 8 M, + Monia (Lonia) - 119.403-Lip (Equation A13.3.1-1)
2 Lomig ~ Lt hy,
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MASH TL-3 Complismce Assessment

(4¢) Determine the Ultimate Resistance of the Wall & JointsFnds: R, .4

Fgure 3o Held Line Anabwsis of Concrate Parapet Walls fr bnpact near Snd of Wall Segment

M, = 37.402 kip ft

Ly- 4-ft

Lip -ft

Mgng = 44192

Hetght of the barner measured from the top of the overlay or roadway surface (in)
Note: H,, =H in Figure 3e

Mo additional beam strength

Flex Resistance of the Wall shout the Vert. Aoas (k-f)

Longiudinal length of distnbution of immpact foree (&)

Flesral Resistance of the Wdl about the Longitudingl Aea s at Joints/Ends
spedfied in Article 4134 2 (ki)

SUBJECT. MnDOT G-Barier onBridge No. 368312

2
L L Mg+ M,
t t B
Lend ==+ [_] b h, | — 4445 Tt
2 2 M, end

2
(Mcend' Leend j .
| Mg + M, + —————| = 168.384 kip

2
2 Leend ~ Lt hy,

(Equation 413.3.14)

(Equation A13.3.1-3)
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(4f) Steel Rail & Post Str sis:

Fyg - 35ksi
dyg = 45in

d;p = 3.85-in

3 3
(206 - 4e”)
Zp - Mor “GRJ 5824-in°
6

M, = Fyg -Zg - 16.986 kip-ft

Calculate the Plastic Strength of the Post Pp;

wp=1I]-1.n
tp=11.n
2
e
i PP sy’
d4
pr=36-ks1

Mpost = Fyp Zp = 75-kip ft

h, = 10.35 in
Ppi- Hhrod 8.78-kip
p

SUBJECT MnDOT G-Barier onBridge No. 36812
Figme 5-397.107
MASH TL-3 Complismce Assessment

Yield Strength of Sted Tube Rail (ka)

Outside diameter of Steel Tube Ral (n)

Inade diameter of Steel Tobe Rail (in )

Flastic Sectional Modulus of the Steel Tube Ral (in?)

Plastic Moment Capacity of the Steel Tube Ral (Jap-ft)

Width of Steel Post ahout the bending axis (in)

Thickness of Steel Post (in.)

Flastic Sectona Modulus of the Steel Post ahout the bending azis (in)

Tield Strength of Steel Post (kst)

Plastic Moment Capacity of the Sted Post (lap-)

Height from the bottom of the post to the centroid of the sted tuberal dn)

Post Strength based on the Plastic Falure of a Steel Post (lap)
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Calculate the Post Strength hased on the Ultimate Swrength of the Anchor Ro ds: Fy,

Furod = 58 kst

g - 1'in

Arod = %'q’rudz - 0.785 in”

R = Fu.rod'(u"B'Arud) = 3.165 kip

By od tension = 2

drgq - Sin

dy, = 1.5in

d,
Wrod = Qrod ~ ? =45in

M rod = ¥rod Fnt Nrod.tension = 25624 Kip-ft
h]J = 10.25-in

Mt rod

P rod = - 20.998 kip

Ryy = Fyrod (045 Ap0q) = 20499 kip
Pyrod = Nrod Fny = 20.499 kip
Ppy = min(Py oq.P

d) = 20,490 kip

V.ro

Tensile Strength of the Anchor Rods (est)

Drameter of Anchor Rods (in)

Area of adnchor Rod (ind)

Mominal strength of one dnchor Eod in Tenston (kdp)

Number of Anchor Rods acting in tension

Distance from the anchor rods acting in tension to the back of the steel
plae {in

Length of the sted plate heanng pressure acting on the conorete parapet (i)

Drstance from anchor rods acting in tension to the centroid of the
beanng pressure achng on the conerete parapet (in.)

Woment strength of Post based on tensile capacity of Anchor Rods (k-

Haght from the botiom of the postto the centroid of the steel twbe ral (in)

Post Strength based on the tensile capacity of Anchor Rods (ap)

Morminal strength of one anchor rod in Shear wih threads in shear plane Qap)

Post Strength hased on the shear caparity of Anchor Rods Jap)

Post Strength based on the Ultimate Strength of the Anchor Rods (kip)
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Calculate the Post Strength based on the Later al Punching Shear Resigtance of Concrete from Traffic Side Anchor
Rods: Ppy

Mote; This failure mechanism was modeledin SolidWorles.

2
Agdes = in

S, |
Apyack = 125in |

Anchor Rod
LPS ~ -

Failure Zone 1‘ ] ]

= 0.75 Shear Strength Reduction Factor
Apps = Agdes t Mack = 184-i112 Total &rea of Falure Flanes due to Lateral Punching Shear Falure (in?)
£, =4ks Conerete Cotnpressive Strength (ksi)

fe
Vilat = $-2 [— psi=- M487 pd Concrete Stress from Block Shear of Anchor Rods (psi)

psi -ACT318-14 Egn. 225.5.1

] 1 Post Strength based on the Lateral Punching Shear Resistance of Concrete

Pp3 = Velag Apps = 17456 kip from Traffic Side Anchor Rods (kip)
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Determine the Limiting (""WWorst Case'") Post Strength (kips): PP

Pp; = 8.78 kip Post Strength hased on the Flastic Failure of a Stee Post (lap)
1:!1:'2 = 20.499 kip Post Strength based on the Ultmate Strength of the Anchor Rods Jap)
A Post Strength based on the Lateral Punching Shear Resistance of Concrete
Ppg = 17.456 kip frorn Traffi e Side Anchor Rods (kip)
Pp = min (PPI Ppa ’PPS) = 8.78 kip Post Strength found by using the Limiting (" Worst Case") Post Strength (kips)
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Determine Ultimate Capacity of Steel Rail for a Simgle and Double Span Failure Mode:

L= ft Length of the Distribution of the Transverse Impact Force (ft)
LlJ = 85.ft Steel Post Spacing ()
M, = 16.986 kip -ft Flexurd Capacity of the Steel Tube Rail (ap-ft)
Pp = 8.78 kip Post S trength found by using the Lirniting (" Worst Case") Post Strength (kips)
g
- My _ ¢ T M
_,_._“—'f/-_ilfl B E =
—— L: ——
Single—Span Failure Mode
Np=1 Mumher of Spans
14 +([Ny-1)Ny+ 1] PpL
Rp = ( Mp) |VI: L )( L ) £ p—| = 20.906 kip Ultimate Cepacity of rail over one span (kap)
(2:My L) - L
2L -
FI:\’
Li
| ‘\‘F'C _;“D
My - ~ - *::‘_‘:‘a\:: T My
:@k I y e
4—‘ Lt i.._
Two=Span Failure Mode
Ny=2
Mutrber of Spans
2
Rp: = 10V (NZ PP'LP) - 19.011 kip . . _
R (ZNZ 'Lp) - Lg ’ Ultnate Capartty of rail over two spans (Jap)
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Determine the Combined Resultsmt Str

of the Bri

SUBJECT MnmDOT G-Barier onBridge No. 36812
Figme 5-397.107
MASH TL-3 Complismce Assessment

Rail e1n:

Rall
Rp
. » i
N -

p“'_\;j R, )
h’aLL‘:'I.} ...‘. 18 Hg
. ‘. Y
-.'-I " HH

P
X " Deek™

Determine the Resultant Strength of the Bridge Rail System at Midspan: (R;)

o

>
e .

PLAN VIEW

Figure A13.3.3-1—Concrete Wall and Metal Rail
Evaluation—Impact at Midspan of Rail

Rp = 20.906-kip

Hp = 38375.in

Riymid = 119-403 kip

H, = 28in

Rypar1 = B + Bymiq = 14031 kip

Rp Hp + Rymig Hy

Yharl = Rpors = 20546-in
Al
H,=19-in
Yhar
R]. =i Rbarl' H = 2-18.188-101]
e

Ultimate Capacity of ral ower one span (ap)

Heght of the bridge rail system measured from the top of the roadway
surfacefoved ay to the centroid of the steel tube ral (in)

Ultimate Resistance of the concrete parapet at nidspan (kip)

Height of the concrete parapet measured fom the top of the roadway
surfacefoverd ay (in.)

Resultant Strength of the Bridge Rail System Located at w09
AASHTO Eqn A13.3.3-1

Effective Height of the Resultant Strength (in)
A ASHTO Egn. A13.3.3-2

Height of Equivalent Transverse Loal

Resultant Strength of the Bridge Fal System at nudspan located at H, (Jap)
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MASH TL-3 Compliance Assessment

Determine the Resultant Strength of the Bridge Rail System at a Post: (R,)

Raoil
R +Rp
5/
Post Lot
—‘--..J R'..[ [
; =l =g
Wall—f 5 Ha
1 } g v
Hy ‘
Lt
T Deck”
] ",

Rh% ‘PP

o —
- ——
P ——
- T -~
e ;f

"

PLAN VIEW

~

—a e

Figure A13.3.3-2—Concrete Wall and Metal Rail
Evaluation—Impact at Post

Rp: = 19.011 kip

Hp = 38375.in

Ry niq = 119-403 kip

Rpar2 = Pp + Rpr + Ryo = 135.161 kip

Hg:(Pp + Rp) + Ry Hy

Yhar? = = 30.133 in
Ryarz
H,=19in
Thar2 .
Ry = RharZ'[ - J = 214.359 kip
e

Ultimate Capacity of ral over two spans (ap)

Heght of the bridge rail systern measured from the top of the roadway
surfacefoverd ay to the centroid of the steel tube ral (in)

Ultimae Resistance of the concrete parap et at moidspan Jap)

Heght of the concree parapet measured fom the top of the roadway
surfacefoverday (in.)

Feduced Wall Strength (lap)
A ASHTO Egqn 413.3.3-5

Resultant Strength of the Bridge Raill Systern at a post located af vg0
AASHTO Egn. A13.3.3-3

Effective Height of the Resultant Strength (in)
A ASHTO Egn. A13.3.5-4

Haght of Equivalent Transverse Load (n)

Fesultant Strength of the Bridge Rail System at a post located at H, (lap)
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(4 LRFD Strength Analysis of the Barier per AASHTO Section 13 Specifications - Summany of Resulis:

F,= 71 ldp Transverse Impad Force located at H, (lap)

R; = 218.188 kip Resultant Strength of the Bridge Rail Systern at midspan located at H, (kap)

Structural Capacity of Barrier_at Midspan_Check = J"OK" if Ry zF,
"NOT OK" otherwise

Structural Capacity_of Barrier_at NMidspan Check = "OK"

R, = 214.350 kip Resultant Strength of the Bridge Rail System at a post located at H,, (lap)

Structural Capacity _of Barrier_at_a Post_Check = |"OK" if Ry 2F,
"NOT OK"  othewise

Structural Capacity_of Barrier_at a Post Check = "OK"
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(5) Strength Analysis ofthe Seperate End Post:

(53) Bending Capacity of the End Post sbout the Longitudinal Axis: M,

M

Fgure 9. Flenral Srength Analysis of the Bad Post about the Longitudinal dxds

Hspost = dlin Height of the end post measured from the top of the roadway/surface (in)

] = 18in Wadth of the end post (in)

spost

Bending C apacity of End Post Considering only the Parapet Vertical Reinforcement:
Mote: See Agwe I for avisual representaion of the reinforcement bars.

Apl G 1i_n2 Area of one parapet verticd reinforcement leg in the tension zone of the end post (in?)
.1 2~#9 Bars
N, spost = z Mutrber of parapet vertical reinforcement in the end post (n.)
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(Sa-conti;) Bending Capacity of the Fnd Post about the Tongitudina Axis: M, o

: o2 . . . .
Ap.spost = np.spost'Apl.spost = 2.in Total%\rea of parapet vertical remforment in the tension zone of the end
post (ind)
Ap-smst'fy : : 2
a = ———— = 1961 in Depth of the Whitney Stress Block (in.)
Post ™ ngsp b
- c “spost
d'p.s;mst = 15in extreme distance of tension parapet vertical reinforcement in the end post (in.)
M, - A, & {d.p = ap's"m] - 140.196 kip-ft Flesural Caparity of the End Post sbout the
st Hpast Ll 2 Longitudinal Axis when considening only the parapet

vertical reinforcment Jap-f)

Bending Capacity of End Post Consdering only the Deck Anchorage Vertical Reinforcem ent:

Mote: Ses Mgrre § for a visual representation of the renforcement bars.

A spost = l.SISin2 Areaof one anchorage verticd reinforcernent leg in the tension zonein the end post (in2)
: #11 Bars
1y spost = 2 Mutrher of andhorage vertical reinforcement in the end post (n.)

Aa.spost s na.spost'Aal.spost = 3.12-in2 Total Area of deck anchorage verticd reinformert in the tension zone
of the end post (in?)
-f,
2, spost = M = 3.059.in Depth of the Whitney Stress Block (in.)
D'Ss'rc'hspl]st
da.spost = 20.75in Extreme distance of tension deck anchorage wertical renforcement in the end post (n.)
M, = Ay f [da = aa's""“] - 200.841 kip ft Flesnural Caparity of the End Post ahout the
st PR Y oSt 2 Longituding Axis when cond dering onby the decle
achorage vertical remforcment (lap-f)
Ms.post = mm(Mp.spust . Ma.spl:lst) = 140.196 -kdp -ft Flesurd Resistance of the End Post shout the Longitudinal

Atz when considenng the citicd reinforcment  (-fi/f)
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(5a) Bending Capacity of the End Post about the Longitudinal Axis Summary of Resulis:

H, = 1%in Height of the Transverse Impact Force, Fy ()

Ms.p ost = 140.196 kip ft Flezural Resistance of the End Post ahout the Longitudinal
Az when considenng the cnticd remforcment (e-fif)

M

s:post = 88.545 kip Structurd Capacity of the End Post located at H, (lap)
H

e

Rs post =

Fi= 71-kip Transverse Impact Force locded at H, (kip)

Structural_Capacity_of End_Post_Check = [

“OE" if Rs.pustZFt
"NOT OK' othewise

Structural Capacity_of End_Post Check = "OK"
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(6) Conclusions:

Minimum_Height of Barrier Check = "OK"
Post_Sethack_Criteria Check = "NOT OK"

Snag Potential Criteria_Check = "OK"
Structural Capacity_of Barrier_at Midspan Check = "OK"

Structural Capacity_of Barrier at a_Post Check = "OK"

Structural Capacity_of End Post Check = "OK"

The G-Barrier on Bridge No. 86812 (Fig. 5-397.107) has not satisfied all
MASH TL-3 Criteria
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APPENDIX E1: ANALYSIS CALCULATIONS FOR END POST RETROFIT WITH DRILLED SHAFT
DESIGN
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e, SRS
mn_spoﬂatmn MAS[-I"ILSIC " >
‘ Institute omplizmce Assessn

Given the Proposed Design Details of New End Post with Drilled Shaft:

40" MINDILM
7" MIN, 6% MAX. SPACING
JORF RSOJE & RSOSE STIRRUPS]
/_Iamum. WITH 2-RSOEE U BARS)
F BARRIER
»(B Rebe| | 2= » o "
nlo u ,B“‘m e ™ RS05E. L}
a T—\ RSOSE STIRRUP STW|‘$.‘_
s(d & 2-ASDGE ~1
2l T (TP I
pR— Y g% .
¥ CLR(TYPD 3|88 — 1 5-Re04e
=a reose vea| | [ | ] z§9 3 s Eg
Pl QAL SPACES D - Eg 2
N AS SHOWN ; 7,_. ! i N REOIE | ‘ § EI—
B nsose w e e T § STIRRLP U 2-re0e B
" L N ¥ T ‘——‘-mt
a3
> >
3" CLR, g“
{TYPJ Bl
-3
RE0LE
2-REDLE
Ig 5 E
e o ™ " E
3 RE0IE_VERTICAL & |
5 U2 PER SHAFT) i 2
-}
5
w
3
i
20
OUTSIOE DIAWETER FRONT VIEW
END VIEW

Fgure 1. Design Deteils of New Bnd Post
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2'-0" DIAMETER

R601E SHAFT VERTICAL
(12 TOTAL)(TYPD

Y

w— 3 CLR.

R402E STIRRUP
(11 TOTAL) (TYP.)

4000 PSI
CONCRETE

SECTION A-A

Figure 2. Post details
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Institute
(1) General Information and Inputs:
Iy Reference: A 4 SHTO MAZH Conditions.
2y A zzeszthe adequacy of the barner based on A A SHT O LEFD Zection 13 crteria.
{1a) General Inputs:
£, ;= 4000-psi Cotrpresaive Strength of Concrete (pst)
f}, = Glksi Yield Strength of Concrete Reinforang Sted, (kst)
E = 29000ksi Wodulus of Elasticity of Sted (lesi)
H, := 3Zin Height of the concrete barier measured from the top of the
roadway surface (in)
ty = Oin Thickness of overlay (in)
h,=Hg+t, Total height of the barrier (in)

Overlay

Figure 3. Sheich af Concrate WalllParapet Showing gt Wriables
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(1b) Concr ete Parapet Inpuis:

Tvpical Parapet Vertical Reinforcement nputs:

*kkxt End Post Parameters *****

Avpl end = III.31in2 Area of one parapet verticd reinforcement leg in the tension zone a jointsfends (in?)

Syp.end = Gin Spacing of parapet vertical reinforcement at joints/ends (in)

ﬂcp.md ]

11.0in Extreme distance of tension parapet wertical reinforcement af jointsfends (in.)

Deck Anchorage Vertical Reinforcement Inputs:

*kkxk Fnd Post Parameters k¥ **

A lend = IZI.B-lin2 Areaof one deck anchorage vertical ranforcement leg in the tension zone & jointa’ends (in2)

Sia.end = Oin Spacing of deck anchorage vertical reinforcernent at jointsfends ()

dca.end = 11.0in

Esttrerme distance of tension deds anchorage vertical reinforcement at joints/ends (in)
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(1c) Design Force Inputs:

Design Forces for Traffic Rallings
Test Lewl | Rail Height (in)) | R (kip) FL (kip) | Fkip) | L+'Lw (ft Lv {ft) He {in) | Huin {in)
TL-1 13 or ahove 135 45 45 40 18.0 130 13.0
TL-2 13 or above 270 o0 45 40 180 200 13.0
TL-3 29 or above 710 18.0 45 40 18.0 19.0 29.0
TL4 (a) 36 65.0 X0 320 40 18.0 250 36.0
TL4 () |between 36 and 42 200 770 22.0 50 180 300 36.0
TL-5 (a) 42 160.0 41.0 30.0 10.0 40.0 350 42.0
TL-S () greater than 42 262.0 750 160.0 10,0 40.0 430 42.0
TL 6 1750 480 &0.0 a0 40.0 6.0 0.0
Eeferences:

®  TL-1and TL-2 Design Forces are from A ASHTO LEFD Section 13 Table 413.2-1
TL-3 Desgn Forces are from research conducted under NCHEP Project 2007 Task 395

o TL-4{a), TL4 b3, TL-S (&), and TL-3 (b) Desgn Forces are from research conducted under
MNCHRP Project 22-20(2)

TL:= 3 Test Lewel
Fy = 7lkip Transverse Impact Force
L= dft Longitudinal Length of Distribution of Impact Force
He = 10%in Height of Equivdent Tansverse Load from top of Asphalt
h,=H_ +t Total equivalent transverse itnpact height

e e’ o

in)

H, i i= 29in Minitron heght of a MASH TL-3 barner (in)
H, = 32.in Height of the conarete barr er measured fromthe top of the roadway surfacefasphalt overlay (in)
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(2) Stability Criteria:

Hin = 29-in Iirirmm height of a MASH TL-3 barrter (in.)
H,=32in Heght of the concrete barier messured fom the top of the roadweay surface’asphalt overlay (in)
Minimum_Height of Barrier Check := ["OK" if H_ > H ..

"NOT OKAY" othewise

Minimum_Height of Barrier Check = "OK"

IEIAAEHTO LRFD EQUATIONS
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(3) Strength Analysis ofthe Seperate End Post:

Bending Capacity of the Fnd Post about the Longitudinal Axis: M.

Fgure 4 Mlearal Brongth Analysis of the Bud Post about the Longiiudina Axds.

spost = 32in Height of the end post measured from the top of the roadway/asphdt swface (n)

] = 48in Wadth of the end post (1n)

spost:
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(3a-conti.) Bending Capacity of the End Post about the Longitudinal Axis: M, post

Bending Cap acity of End Post Consdering only the Deck Anchorage Vertical Reinforcement:
HNote: See Mgrre § for a visual representation of the renforcement bars.

Aal.sp ost = I].3].in2 Areaof one anchorage vertical reinforcement leg in the tension
zone in the end post (in?) (#5 Bars are used)

N, spost = 8 Mumber of anchorage verticd reinforcement in the end post (in.)

Aa.spust = na.spust'Aal.spl:lst = 2.48-in2 Total Areaof dedk anc.horagevmical remnforment in the tension
zone of the end post (in2)

-f,
% R Lasmostly oo Depth of the Whitmey Stress Block (in.)
u'ss'rc'hspost
da.spost = 10.625in Eztreme distance of tension deck anchorage verical

reinforcement in the end post (in)

Flesurd Capacity of the End Post about the Longitudingd
Az when considening only the deck anchorage vertical
reinforcment Jap-ft)

2a spost
ﬂ] - 126007 kip-ft

Ma.spost = Aa.s‘pust'fy'['131.s1ms‘t ;7

Bending Capacity of End Post Considering only the Parapet Vertical Reinforcement:

HMote: See Mgre § for a visual representation of the ranforcement bars.

Since the same steel reinforcement 15 prowded at the same spacing for both deck and parapet, the bending capacity
shall be the same and this caloulahon 15 unnecessary

spost = My o gst = 126,097 kip ft Flezural Resistance of the End Post about the Longjtudinal
M.p SR i Axs when considenng the enticd reinforcment  (k-f/)

M post = mm(Mp.spust’Ma_spust) = 126.097 kip ft
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(3a) Bending Capacity of the End Post about the Longiiudinal Axis- Summeary of Re sulis:

H, K = 19.in Height of the Transverse Iropact Force, Fyfin)

MS-P ost = 126097 kip ft Flestural Resistance of the End Post ahout the Longitudind
Asis when considenng the antical renforoment (-ft'f)

Ry post = - = 79.64 kip Structural Caparity of the End Post located at H,, (dp)
F,= 71 kip QK| Transverse Impact Force located ot H, (lap)

L= Distribution Length of the Impact Foree (£

Structural Capacity_of End_Post Check = {

'ﬂm'ﬂmezq]

"NOT OK™  otherwise

Structural Capacity_of End Post Check = "OK"
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(4) Shear Capacity of the Barrier:
k=10 Conerete Mod fication Factor
T, = 12in Top Width of the parapet Gn.)
h, = 15in Depth of the shear zone at the critical segment (fop most portion) of the barrier (in.)
d, = 10in Custance from compression face to the tension reinforcement {in )

L =4 ft Length of the distnbution of the inpact force (ft.)

f =dksi Concrete parap et compresstve strength (kst)

factor for shear; f=2.0 15 used for nonprestressed section (AAZHTO 5.8.3.4 1)

(4a) Shear acity of an End Segment of the Barier: V4

d

Ac ad = [Lt + —c] Ty = 636 -in2 Concrete Parapet Shear Zone Area of an End Segment of
% the Barrier (in)

Vv = 003163 X — | ksi| A, = 80.39 kip Cine Way Shear Capacity of an End Segment of the

.end P .end 4 :
£ J kﬂ] e“ Bamir (kip) (AASHTO5.8.3.3)
V= mi‘“(vc.end) = 80.39 kip Critical Shear Capacity of the Barner (Jap)
Fy= 71 kip Transverse Impact Foree Qap)

Shear Capacity_of Barrier Check = [

"o if ch Ft ] - "OK"

"NOT OKAY" otherwise
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(5) Conclusions of End Post & Barrier Design:

Minimum_Height_of Barrier Check = "0OK"

Structural Capacity_of End Post Check = "OK"

Shear Capacity_of Barrier Check = "OK"

The J-Barrier from Figure 5-397.116 does satisfy all MASH TL-3 Criteria
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6.) Design Drilled Shaft for Bending capacity & size reinforcing steel:

Data from Basic Limits Table C4-60, "' Design Hand hook Volume 2 Columns'
In Accordancewith ACT 318-83 page 152, ****** Cireular Pier/Colann =+ ***

Foga= s Cotnpressive Strength of Concrete
&ﬁ:= 60ksi Yield Strength of rebar
h = 24in Diameter of pier
cover = 3in Clear cover
h2

A Gross Area(in?)

g 4
¢:= 10 Strength Reduction Factor
Tieg;, = =in

TiefSpira Dramneter
i} . ;
Verticali. = —in Size of Vertical Steel
dia ]

=12 Mumnber of Vertical Bars

A= = Noyerpp = 230 Lin Total Area of Steel Provided (in2)
Ag . .
Pact = g = 0012 Reinforcement ratio "p"
~h:= h- 2 cover — 2. Tieg;, — Verticalg;, = 16.25-in Distance between the outer layers of reinforcemment in a colurnn
o= 'TTh = 0.677 Ratio ofthe distance between the outer layers of ranforcement

in a column to the overall depth of the column
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6-conti.} Design Drilled Shaft for Bending capacity & size reinforcing steel:

o
N

n22Cr0n

COLUMNS 8.22—Basic limits of factored axial load and factored moment for
C4-60 columns (Design load and moment strengths)

Referen

Cces;

ACI 318-83, Sections 9.3.2.2, 10.2, and 10.3; ACI Pablication SP-7, pp, 152—-182

BASIC LIMITS TABLE C4-60
Coordinates tabulated below
-g provide more precise values Circular spiral coluan
for oritical pointe on cor-
responding interasction dia=
grama (COLUMHS 7}.
fd= 4 ksi
fy =60 ksi
wnttar #80 wer Mo opay
o maximum Byl Ay fg =0 fa = 0.5fy fo = Ly 4 changen By, =0
Bl ¢Pn #¥a #Fn #Mn_ | 4fa #Ha #Pn +Hn e 4P 4y | 4Ha
Ag Rl | Ry Ag 5 ¥ gl T'- Ag Rl
C4-6045 ¥=045
.01! 2,528 LHUR] 1,829 2T 1,178 297 724 WR278 W 384 L0 « 229 | Lime7
LR2] 2,889 «142] 2,889 «2931 1,202 +3286 L + 315 + 519 » e 398 #2962
.23 3,258  [qae| 2,19w  [348| 1,230 (350 ) L4me 352 (719 Lume ,3a9| La9sh
20 3. 611 L151] 2,378 #3337 1,265 383 312 388 1,045 372 388 LAAT2
.85] 3,972  _yse| 2,55 359 g,297  Lu12| L2584 (425 1,673| ,254 L4325 ls;us
top| ulav:  lyez| 20730 l3sa] 1.328  Luay | s137  Lus2 3,378 | 137 s4s2| 2oso
L27] 6, ees L1BT] 2,918 ,aﬂSi 1,35% LuTe 219 LU99 25,782 It L899 | =pen
ol slesy (176l 3,ee1 La25] 1,391,099 | «,B98 (S35 «5,461) »,098  ,536 | .sa3g
C4-6080 7=060
«2if 2,528 US| 24904 .ES'I 1,381 +318 AL + 315 « 345 o G0 262 | L1907
«22] 2,089 «158] 2,284 w2881 1,478 13- +Bé8 + 375 +432 c40Q 3441 L3284
LB31 3, 250 i88] 2,499 #323] 1,558 fdie WBE2 R 529 T Jati !l yatge
ool 3,611 L1vel 2,716 L35 t,e46 L4559 | ,TT6 494 63T | L4200 ,u85]| ,5289
+95] 3,972 150 2,934 «394] 1,734 + 508 W 730 + 554 + 759 429 #5582 | 6210
LPb] 4,332 291 3.151 425] 1,822 «553 LT By +AdE L 408 B13 | L7182
o7 4,893 L212| 3, 389 LUB8] 1,918 Ty o837 873 ), BSs LAR@ WATH | Ta9e
L2815 a5y 2241 3,980 UG 1,998 T 2991 +733  §, 240 Pl « 733 | 8692
C4-6075 7T=075
Bl 2,528 158 2,271 2200 1,572 +358) 1,082 348 w322 2 BB #2277 2088}
.“4 2,8R9 LITE] 2,587 269 1,698 L3741 1,083 Ja32 « 399 L0E8 38R | 3845
A3l 3, 258 J1BB] 2, Tuu «313 1,823 +USB ] 1,Ad 518 WUTe LB #0884 | 5047
LBal 3.eyt  Lauy| 2,981,357 1,949  ,s22| 1,085  ,599  .ss2| Leee 586 ,6298
«25 3,972 217 3,218 «402] 2,874 «586 | 1,986 LIkl 029 HRE W90 | 7521
Bl a 31z z33| 3.45% Leue] 2,98 eS| t,ear Jdme 785 | @8 ,TTt| ,BT728
A7 4,693 .20%| 3,892 Lu490 2,325 L7164 | 1, @88 (BB WTEY Laun L8786 | ,992@
,UUH 5,954 L255] 3,928 #9359 2.4%51 #7781 1,v89 «939 858 a0 «962 (1,1105
€4-60.90 7=0.90
i) 2.5z28 1h2| 244953 185 1,745 #3331 1,242 376 « 343 L EOR +28% 1 ,2157
B2l 2,89 L181] 2,699 «238| 4,892 Jut1 | 1,288 JuB2 w376 et 427 | Ja@s2
.03 3 258  _pme]| 2,945  ,a2ve| 2,039 Lu88 | 1,318 588 fuae | Lueee 507 | 5829
Leal 3l L2ae| 3,192 ,343) 2,185  ,sed| 1,356 693 511 L6808 673 | 7387
L5 ¥i97a2 730l Z,aze L3980 2,332  ,s67| 1,394 ,79% 573 | .e@@  ,T74 | ,8852
Lol G 332 _asel| 5 emu  uus| 2,078 725 | 1,833 ,ees  _a32| Lces 987 |1,e2317
AT 4,683 +278] 8,934 SAd 2,625 LJBBU | {,aF1L 1,851 b8BT LE08 1,012 [1,1770
.88 5,054 298] 4,177 #5521 2,111 B83| 1,589 1,117 LTan LB L, 149 f1,3213
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6-conti.) Design Drilled Shaft for Bending capacity & size reinforcing steel:

Interpolate values in the table at v=0.60 and 0.75 to get walues at y=0.677

v =0.60 Case v=0.75 Case
001 0.1907 0.2001
o002 0.3284 0.3645
003 0.4319 0.5047
{Data from Table C4-60 page 152 Case 7:
[ el M, ~na0 = e M oy 75 1= (s Moment only znd no Axial Loading)
2 |ons iy 0.6230 LT 0.7521
0.06 0.7152 0.8726
o0n7 0.7400 0.9920
0.08 0.8802 1.1105
0.063
0.241
0.485
L -b 0.673
Increase rate = ( Yo oy0.75 Mn_ﬂ‘l].ﬂ]) = Cd culate increasing rate by 1.0
0.1s 0.861
1.0492
L.a614
1535
0.196
0.347
0.469
0.281
$M, ~0.677 = $M, ~0.60 (0.677 — 0.6) Increase rate = g Interpolate ¢Mangh atv= 0677
0.796
0.874
0.998
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6-conti.) Design Drilled Shaft for Bending capacity & size reinforcing steel:

1
05|
0.4
M, w0577
=21
04|
02
° 0 002 0.04 0.06 0.08
Pg
Figure 5 pg V8§ o) g77 for interpolation
PMyact hag = 1interp(pg, M, w0677 pact) = 0222 Interpalate i get M /Ah at the steel rai, pag
3 A_h Kdp 200.452 kip ft
$Mpje = ‘anal:t_hAg' g 3 - EEE Calculate factored notninal caparity of pier, ¢l pey
V= F.= 71.1ip Transverse irnpact force caising momert
H, = 18.in Height of the ransverse impact force
ing = Vpo[H,+ 12in) = 183.417 kip -ft Mornent applied. Note: An
Mappiiea:~ VE (He ) alditiond 12 inches of eocentrity
length was added to account for
momment in the shaft be ow grade.

Drilled_Shaft Flexure Check = |"Okay" if ¢'NlnPie.r = Mapp].ied

"Not Okay" otherwise

Drilled_Shaft Flexure Check = " Okay"
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7.) Determine/Design Pier Depth Using Brom's Method:

""The Broms method is a simplified limit equilibrium solution that is suitable for simple analysis of relatively short, stiff
drilled shafts subjected tolateral shear and overturning moments. The method is most suited to analysis of strengthlimit
states’; Brown, D. A, I.P. Turner, and R.J.Castelli (2010). 'Drilled Shafts: Construction procedures and LRFD Design
Methods," (INHI Course No. 132014: Geotechnical Engineering Circular No.10, Federal Highway Administration
Report No, FHWA NHI-10-016). Washington, DC

Soil
Reaction, P Moment, M
A
J
4
o !
- - - -l-!
3y HDKF My

Figure 5 il reccsions and Fuadation moments B fFee-lard Fuedations in colesiordess soil

Requirements of overall moment equilibrium are appliedin order to determine the minimum length of the
shaft, L, tosatisfy geotechnical strength requirements. At the base of the shaft:

IM,=0=M~+PL,  -3BvL,  K(L, 2)(L, /3
=M+ BL,,,- 28,7 (L, K,

where Zhv, = sutn of the morment a the shaft, 7= applied shear force o the top; A4 = mduced moment at the
0 Lpggyy = trirniermim length of the shaft saisfying the morment equilibeiurn &= Rankine coefficient of passive
egath pressure; B, = wadth of the shaft, and y= unit waght of soil

By sdlving this equation, the minimum requiredlength, .., of the shaft canbe obtained
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7. cont.) Determine/Design Pier Depth Using Brom's Method:
i=1.7 ARICIN = 1 Range variable for depth matris
il
kips = 1000Ib{
4
8
L. =|9 ft )
pier Vector for pilelength undemeath the ground
10
11
12
71
71
71
Impactyy .. = | 71 [kip Vector for irmpact load
71
71
71
Effective fichon angle of the cohestonless sofl for loose
Sand. See Joseph Bowles, FOundation Analysis & Design,
¢1 = 25deg page 100, Tehle 3-2 Empirical Values for phi and Unit Weight
for Grarlar Soils
& 2
K_lJ = tan (45 + —l] Rankine passive earth pressure coefficent for Brom's Method
2
~p = 110pef Dry unit weight of cohesionless maten al (pef)
B;, = 24in Wdth of the pier
Fe= 0 Height of Impact Load for MASH TL-3
F, = 71 kip MASH TL-3 Itpact Load on End Past

Design Moment used in the Analyses (ap-ft.). Myis conservative

design loading considenng impart conditions ower short time duraion
(0.20 seconds) and the disspation of impact loading over alager area
due to the addition of the grade bean in the upper portion of the

shaft

M, = Fi-H, = 112.417 kip ft

. ik Bh'(Lpierijz'Kp M,
t = +

i 2 L

P

Corresponding force for given lengths (Jap)
1Jie:ri
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7-cont) Determine/Design Pier Depth Using Brom's Method:

120

110

100

00

80

g
gl 3
g

Maximum force at the pier @ Surface (Kips)
3| T8I
B

Lojer

ft
Pier depth below the ground surface (ft)

Figure 6 Pigr depth ve. Manimum jforce at piee

Therefore, use 8 fi. pier beneath grade beam

Use 2'-0" Dia. x 8'-0" Deep Drilled Shaft
with #4 Circular sti s 6" O.C. upper 24 inches
#4 Circular stirrups @ 12" O.C. from 2'-0" depth

with 12 ~ #6 Vertical bars evenly spaced for Fier Foundation.
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8.) Check a developmentlength of rebar in the drilled shaft

8a.) Determine Basis Development length factors and cal culate development length (19):

fo=4ksi fy= 60 ksi for # 6 ranforcng sted

6 . ) .2
dy, = g-m Ay = 0.4din
Deveoprment length 1s in accordance with 44 SHTO LRF D 8th prowision (2017)

For aconservative design, tension development length (A4 SHTO 5.10.8.2. 1) 13 considered

The provisions may be used for

a) Mo. 11 bars or amdler Olay
1) normal weight concrete with a cornpressive strength of concrete up to 15 kst Okay
The basic tension devel opment length, 1y, shdl be take as:

lgp = 244y = 54in

4 Elhé'”

B

8b.) Determine Modification Factors:

Increasing Factors (AASHTO 5.10.8.2.1h

Ranforcement location factor (4,

For hotizontal reinforcement, placed such that more than 12.0 in. of fresh concrete s cast below the reinforcement : 4,= 1.3

For honzontal reinforcement, placed such that no more than 12.0m. of concreteis cast below the reinforcement and
Jois greder than 10 0kest 4;=13

hr1:= 1.0

AASHTOCS.10.8.2.10)
Conarete density modification factor (4)

For hightwei ght concreteuse ) & specified mArtide 54 2.5,

XC:= 10

For normal weight concrete (AASHTO 54.2.8)

E-20
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8-Cont.) Check a development length ofrebarin the drilled shaft

«  Coaing factor (5
For epoxy-coded bars with cover less than 3db or with clear spacing between bars less than 6db: ;L:f: 5

For epoxy-coded bars not covered above; Arf: 1.2
ch e T

The product Ay x Lrneed not be tdeen greater than 1.7

Rne = My e = 12
Increasing Factor_Check := "OK" if ki.l’ll: < 1.7 ="0OK"
"NOT OKAY" otherwise
Dexreasing Factors (AASHTO S.10.8.2.1c)
s Ranforcement confinement factor (4,,)
xrl: = 04 For bar sizes of Mo .8 and smdler (AASHTO C5.10.8.2.1c)

o Excess ranforcement factor (4,)

Where auchorage or devel oprnent for the full yield strength of remforcement 1s not required, or where
ranforcement in flesmaral member 15 in excess of tha required by analysis

A, = AJeguied ¢ 4 provided ABSHTO 51082 1c4
Rop =10 Use 1.0 for the conservative design

The modified tensi on development length shall be taken as:

xrl"‘l:f')‘rl:')‘er .
Ig = lgn- T = 2592 in
C

Use 24in. development 1 : Thisis sli less then what is required based on AASHTO.

However, this value is acceptable consideringthe input paraneters and impact loading conditions.
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9.) Design Grade Beam for Impact Force (Shear Loading)
9a.) Longitudinal reinforcement Assume impact force (@ very corner of barmier
Fheam1 = Fy= 71-Xdp EO:enh_”ic:ity of 12 in_rhes used ({4 feet orale beam wadth - 2 fest
shaft diameter ) 2 sides)
My heam = Fheami 12in = 71-Xdp-ft Cotresponding moment (@ very corner of
- harrier

L 5~ #4 Honzontal Bars each side of grade beam for
Apeam = 30.2in bending ahout the verticd s dusto theimpact load
applied & the edge of the barier/orale beam
{transverse loading = 71 kips @ 12 inches)

by, pam = 30in Width of the grade beam

by = 0.9 Redudion factor (4&45HTO 5.54.2)

4} papy = 30in — 3in - 0.5in — 25in = 26.25.in Effectrve depth of the grade heam

A pam = heam fy = 0.588 in Depth of the equivaent compression blodk

085 Dpoam

a

m . . :
Mn_b PG/ U '[dbeam - ] = 12977 kip ft Motrinal femrd resistance

Mr_beam = d’f'Mn_bea.m = 116.801 kip -ft Fatored flemral resistance

Beam Flexure Check = |"Okay" if M, poom 2M) heam

"Not Okay" otherwise

Beam_Flexure Check = " Okay"

Ther efore, providing S - #4 bars on each side of the grade bean is ade €

Figure 7. Mament on the grade beam
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9.) Design Grade Beam for Impact Force (Shear Loading)
9b.) Transverse reinforcement

Use sectional design method for shearin accordance to AASHTO 5.8.34.1 (Simplified Pro cedure for Nonprestressed

Zections)
Pheam = 20 Conorete factor (= 2.0 as per AASHTO 5.8.3.4.1)
B pam = 45deg Angle ofinclination (=45 deg. as per AASHTO 5.8.3.4.1)
Ay beam = 2-0.2i112 = I].4-in2 Area of ransverse renforcement (2 legs of #4)
Sheam = O0in Spacing of transverse ranforcement
by:= 09 Reduction factor (4.4 SHTD
554.2)
e . .
V¢ heam = 0.0316-B- = ‘ksi-by o Sheam = 9954 kip Nominal shear resistance by conoretes
= si
£, d cot{ B
A - (Av_beam fy hpagu ( he‘a.m)) = 105 Kip Norninal shear resistance by transverse reinforcement
- Sheam
Vi bearmn = Ve beam + Vs beam = 204.54 kip MNotmnal shear resistance
V= ¢'v'vn_b carn = 184.086 Kip Factored shear resistance
Vi heam = Ft= 71 kp Shear fores spplied
Beam_Shear Check = |"Okay" if V, 2V, pom = "Okay"
"Not Okay" otherwise
Providing#4 stirrups a 6in. ingforthe 30"x 30" grade bean is ade

Figure 8§ Shear on the grade beam




APPENDIX E2: Analysis Calculations for HSS Tube Section Retrofit
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HSSTx3x!/4 ¥," dia. Threaded Anchor

ASTM A500 Rod spaced at 6 ft.0.C.
Grade B 31/, (Secure with adhesive
~ anchorage with minimum

! 6!/," embedment)

A

3
L

~5.625 k/f1

-

Figure E2-1 HSS Tube Retrofit Details.
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Design Loads

Note: Assuming that the load is distnbuted at the midspan of a rail section supported by two anchor rods.
Assuming the critical condition of a single span_ simply supported beam (See Figure B2).

L= 6| Anchor rod spacing (ft)
Wy = 5.625 |Distributed load acting at the top of the barrier system (kip/ft)

L= 4|Length of the distributed load, w (ft)

= 11.25|Shear force acting on each anchor rod (kip)

M,= 225 |Maximum moment force acting on the rail (kip-ff)
W,
X Yy v

A <
Rmd Rrod

) L. .

Figure E2-2 Critical Condition Load Application on Steel Rail.

4
>
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Anchor Rod Capacity

Area of Lateral Punching Shear (LPS) caused by a single anchor rod [in:} -

Arpe= 125
LPs See Figure B3
f.= 40 | Concrete Compressive Srength (psi)
_ .. |Lateral Punching Shear (LPS) resistance caused by a single Anchor Bod (kip)
Roarps= 15.81_ 9 o
2 Arps*SQRT(Fc)
d= (.75 |Diameter of Anchor Rods (in)
Fora= 125|Ultimate Strength of Anchor Rods (ksi)
Apa = 0.442| Area of a Single Anchor Rod (in”)
Fg+= 24 85 |Shear Strength of a single Anchor Rod (kip)=043A,.F,
R.a= 1581 |Limiting ("worst case') capacity of a single Anchor Rod (kip)
= 11.25(Shear force acting on each Anchor Fod (kip)
CHECK OK |OKif:R 4 =R,
Anchor Rod
HSS Tube
Section

Rmd LPS

5.625 k/ft

Figure E2-3 Lateral Punching Shear (LPS) Failure Mechanism.
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Steel Rail Capacity

Z= 3.22|Plastic Section Modulus of Steel Rail about the bending axis [i.n':}
F.= 46| Vield Strength of Steel Fail (ksi)

M, = 35.34|Plastic Moment Strength of the Steel Rail (kip-ft) = Z, Fyy

M, = 22 50| Maximum moment force acting on the rail (kip-ft)

CHECK | OK |OKif: M,>M,
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APPENDIX E3: Analysis Calculations for Concrete Wall Section Retrofit
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1'-0"

Concrete Wall
Section, fic = 4ksi

6II

6II

Y

i

*4 Gr.o60 Long.
Reinforcement
(Typ.)

#5 Dowels spaced aft
3 f+ 0.C. (Secure with
adhesive anchorage with

minimum 6'/," embedment)

Note: Roughen and clean existing concrete. Apply approved bonding
agent such as Shep-Weld or equivalent concrete bonding agent
prior to new construction as per manufacturers specifications.

“5.625 k/Ft

Figure E3-1 Concrete Wall Section Retrofit Details.
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Design Loads

Note: Assuming a one-way shear failure mechanism of the concrete wall retrofit. Considering the critical condition
of the load distributed at an end section of the concrete wall retrofit.

L= 3.0| Anchor bar spacing (ft)

d. = §.62% | Distance from compression face of concrete wall to the tension reinforcement (in.)

W, = 5.625 |Distributed load acting at the top of the barrier system (kip/ft)

L.= 4|Length of the distributed load, w; (ft)

L = 47 Length of the one-way shear zone resulting from the distrnbuted load acting at an
£ ~7|end segment {ft)

R.= 22 5|Shear force acting on the concrete wall retrofit (kip)
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Anchorage Capacity

Area of Lateral Punching Shear (LPS) caused by the anchor bars

Arpe = 275 . 3 .
within the applied distributed load (in”) - 3ee Figure C2
f.= 400 | Concrete Compressive Srength (psi)
Lateral Punching Shear (LPS) resistance of the Anchor Bars in the
Rhaf.]'_PE = 34.79 o oL
one-way shear zone (kip)=2 A7 p:*30QRT(fc)
dpo = (.625 | Diameter of Anchor Bars (in.)
Ny = 2 [Number of Anchor Bars in the one-way shear zone
Fope= 90| Ultimate Tensile Strength of Anchor Bars (ksi)
Ape = 0.307 | Area of 2 Single Anchor Bar (in”)
_ |Shear Strength of the Anchor Bars in the one-way shear zone (kip) =
Bowr = 2485 . -
043 nper Fuper Aver
R 74,85 Limiting ("worst case') capacity of the Anchor Bars in the one-way
bar 77 |shear zone (kip)
= 22 530|Shear force acting on the concrete wall retrofit (kip)
CHECK OK |OKif:Ry,,=R,
Concrete

Wall Section

Rl\;n'. LPS

™

5.625 k/ft

Anchor Bar

Figure E3-2 Lateral Punching Shear (LPS) Failure Mechanism.
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Concrete Wall Capacity

T.= 12| Top Width of the Concrete Wall {in)
h. = 6|Height of the Concrete Wall (i)
A= §87.8|Concrete Wall area resisting one-way shear I:i.ﬂ:} =L T+ Tyh
V.= 86.99|Shear Capicity of the Concrete Wall (kip) =2 A . *SQRT(fc)

= 22 50| %hear force acting on the concrete wall retrofit (kip)
CHECK OK |OKif: V.=R,
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