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Project: Rockingham VT Bridge
Contractor: Cold River Bridges

Value Engineering Design: Calderwood Engineering
Design Computations by: Eric T. Calderwood, PE
Design Check Computations by: Gregory MacAlister, EIT

Project Notes:

VTrans Structural Design Manual
4.3.2 Live Load Distribution: use controlling value of lever rule to det. amount of load on exterior beam. For
interior and exterior beams, use controlling (larger) distribution factor calculated for one lane loaded, two lanes
loaded or 3 or more loaded for flexure. Same for shear locations within span and at sprts. Controlling distribution
factor will be larger of these.
For deflection, g shall be = max # lanes loaded / # beams * respective multipresence factor (m).
Calculate fatigue distribution factors similarly but with only one lane loaded.
5.1.1.1.1: Concrete, high performance class A for bridge decks placed on steel
5.1.2.6: Minimum Concrete Cover
5.2.1.1.1: Cast in Place Concrete Minimum deck thickness, paved deck, 8.5"
5.2.5: Minimum Reinforcement, #5 bars at 12" for reinforcing steel
6.3.2 Steel plate thicknesses
-Min: PL girder web -0.5"
PL girder flange - 7/8"
transverse connection plates - 0.5"
gusset plates - 0.5"
-Max:
Bent connection plates- 0.75"
6.3.6 Girder Flange Proportions
- Recommended minimum: 16"

Intermediate Diagraphrams for 24"-48" Bridge Beams:
- for 31"-36" depth plate girder web, use W27x84 Diaphram Member, number of bolts (N) =7

osi=(49 ft+3in)+2+433 ft+6 in=132 ft total length of Positive Moment Girder section

Lpegi=34 ft-2=68 ft total length of Negative Moment Girder section

Flange Transition locations: 49'-3"

points of contraflexure: 83'-3"
116'-9" (field splice)
150'-9"
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Distribution Factors:

Table 4.6.2.2.1-2 L for use in LL Distribution Factor Equations

+M: length of span for which moment is being calculated

-M (near interior sprts of continuous spans): average length of two adjacent spans
V: length of span for which shear is calculated

Rext: length of exterior span

Rint: avg length of two adjacent spans

K,:=1.0
Y.:=150 pcf \1.5\
f'.:= 4 ksi [+Vf'.-ksi E.=3834.25 ksi
=1 1
\\fe ) )
Beam geometry/ Area/ y/ lox/ loy Positive Moment Region
b,:=16.0 in 3
o . 2 Tyt bpge tyr e bbf
tbf:: 10625 n AbeZ bbf' tbf: 012 ft ybf:: —_— IObe _— onbf
. 2 12 12
d,,:=35 in d £ .d d tw3
t,:=04375in A, :=d,-t,=011ft"  y, ="ty+— I =2 L=
. 2 12 12
by:=16.0 in 3 3
| 2 e byee t tipe by
ty:i=1.0625 in  Ay:=by-t=0.12 ft Yee:=tpe + dw+7 Lot = 12 Loyte = 12
dbeam = ttf+ dw+tbf: 3713 irl
Ag = btf.ttf+bbf. tbf+ dw' tW: 4931 inz
Ao Vet Ay eV +Age
| = ( bf * Ybf T Aw * Yw T Aer th) —18.56 in
Ag
2 2 2
Ly i = Toxpr+ Apge <};bf_ Yoar) +loxw+Aw (Yw—Ybar) + loxert At (Yee— Ybar)
[,=12620.63 in
Iy = onbf+ onw + ontf I
.4 X .3 X .3
I,=725.58 in Sii= =679.9 in Spri=——=679.9 in
<dbeam T Ybar> Ybar
3 3
by ot d
Itbf::%-i' hid L] tVV :36271 in4 tbf bbf ‘tW: 1955 inz
3 3
by +ty dy ty 4 dy 2
L= +—+.— _=362.711in Aisi=byet+ +t,=19.55 in
tf 2 5 12 tef *= Dye* Ler g

—
=431 in rttf::\[if =431 in
Attf
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Beam geometry/ Area/ y/ lox/ loy Negative Moment Region (flange widths only change)

bbfnm :=18.375 in t b t 3 t b 3
. 2 bf benm * thf bt * Db
tyri=1.0625 in - Apfy 3= by * tr=0.14 ft Yy :==— oxbfnm = ———— oybfam *= ==
12 12
b =18.375 in 3 3
tfm * biom * tee ttf bifum

oytfnm

= 1.0625 in Atfnm _btfnm L= 0.14 ft Yifom = tor + d +7 ontfnm

12 12

. 2
Agom = Apam + Ay + Ay = 54.36 in

A +A, Yo+ A
Vs i= ( bfnm * Ybf Yw T Atfam * th) —1856 in

A

gnm

2 2 2
Linm = onbfnm + Abfnm ° <Ybfnm = Ybarnm> + onw + Aw 3 <YW - Ybarnm> + ontfnm + Atfnm ° <thnm - Ybarnm>

Lo =14261.98 in"

Iynm = onbfnm + onw + ontfnm

I

Lynm=1098.9 in" S = ——— _ =768.321in°  Sppyi=—om =768.32 in°
<dbeam - Ybarnm> Ybarnm
bim oty dy by d
bfnm ° ‘bf w .4 w .2
I = 4+-—+——=0549.37 in A :=Dbypm * tpr+—*t,, = 22.08 in
tbfnm 12 6 12 tbfnm bfom ~ *bf 6
b te d, t, d
Lo °= M+ Y. ¥ _=54937in" A= Dbigum - tif + —+ t,, =22.08 in”
12 2 6
I'cbfnm . Ittfnm .
Cipfm *= =4.99 in Titfnm *= =4.99 in
Atbfnm Attfnm
the:=9.0 in OH:=2 ft+7 in=2.58 ft
skew:=30 deg Oth =3 ft+10 in=3.83 ft  Temporary overhang due to phase

construction (at G2)
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Moment Interior Beam
(Table 4.6.2.2.2b-1)

where,

S - beam spacing(ft)

L - span length of beam (ft)

Kg - longitudinal stiffness parameter (in"4)
(4.6.2.2.1-1) n - ratio of modulus of
elasticicy of beam and deck, A-

ts- depth of concrete slab (in), eg-distance
between cg of basic beam and deck
(assume deck cg h/2)

/"‘

a )\ RICHMOND, ME 04357 A4/
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S:=10 ft+6 in=10.5 ft

Lapren + Livain
LAPRCH = 655 ft LMAIN = 69 ft LnegM —g
Eg = 29000 ksi
Ep:=E

b ¢ tdeck EB
eg = dbeam = 347 ft n:= E_ tS = tdeck

D
2 2

Kgpos =1 (Ix +Ag ey } Kgneg =1+ (Ixnm +Agnm * € }
Kypos = 741678.33 in’* Kgneg = 820230.05 in*

Moment Interior, Approach span, one lane loaded

0.3
K
8lmii, = 0.06 {14Sf\ (L 3 \| ( B8 \|
t
\ ) \Lapreu) |\12_0. 'LAPRCH'ts3 |
glMllLZO'ég
Moment Interior, Approach span,
two or more lanes loaded
0.2 0.1
K
g1M12L_0075+( i \ / 5 \. i L

\9.5 ft} \LAPRCH}

\|
|\12.0 %-LAPRCH-tS |
glMlZL: 0.43
Moment Interior, Neg. Moment,
one lane loaded

0.3
K
g2pp11, == 0.06 {145 - \ (L S \ |( . Enee \l
TR “egM} |\12.0 %-Lnegm-tf |
821, = 0.59
Moment Interior, Neg. Mom,
two or more lanes loaded
0.2
K,
g2z = 0,075+ [ \ NELE |( —— \|
(9.5 ft} \LnegM} in 3
| 12.0 —-L oty |
\ ft negM = ‘s }
gZMIZL:0'83
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8Micontro] *= Max <g3M12L » 83mi1L > 82mi21 » 82mi11 » 81mizL » g1M11L>

Moment Exterior
(Table 4.6.2.2.2d-1)

one lane loaded, Lever Rule

ﬁ‘ i ,
\\\ {il:l_ﬂ\(‘za?! 737-2007 mx (2071“/37 200'3 L /

Moment Interior, Main span,
one lane loaded

0.1

0.3
K
g3mi11, = 0.06 { 5 \ ( 5 \I |( - Ll \|
\14 ft} \LMAIN} in 3
| 12.0 —-L oty |
\ ft MAIN ~ s /
g3mi1, = 0.58
Moment Interior, Main span, two or more lanes loaded
0.1
K
g3M12L_0075+(9:f\ /LS \. |( R \I
\ t)  \Lman) |\120 L ts3)I

83miz = 0.82

same for approach spans, main span and

negative moment regions

0.5+(2+(S+OH—2.83 ft)—6 ft)

0.69

LEIygL = S

Table 3.6.1.1.2-1, Multipresence
factor (m)

myqy = 1.20 my; = 1.00

8lygry :=myy + LElyg, =0.83

two or more lanes loaded:

d.:=2 ft+7 in—10 in=1.75 ft

e:=u.

glyprz =My (€ glyp) =0.799
82\pL2 i= My (e . gZMIZL) =0.801
g3mEL2 =My, (€ 83up) =0.79

positive moment approach span
negative moment region

positive moment main span

Page 5 of 64
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It should be noted that according to the
VTrans Structures Manual 2010 the rigid
cross-section or pile distribution factor is
not required for the design of exterior
beams

4.3.2 Live Load Distribution

The LRFD Specifications provides the equations and tables for live load distribution factors. See LRFD Section
4.6.2.2. For typical beam bridges. distribution factors are provided for interior beam flexure (single lane, multiple
lanes. and fatigue). Interior beam shear (single lane. multiple lanes, and fatigue). Use controlling value of the lever
rule and AASHTO distribution formulas to determine the amount of live load carried by the exterior beam. LRFD
C4.6.2.2.2d provides a formula for computation of an additional distribution factor for bridges that have diaphragms
or cross-frames. Use of the rigid cross-section or pile-equation distribution factor is not required for design of
exterior beams.

For the interior and exterior beams, the designer shall use the controlling (or larger) distribution factor calculated for
one lane loaded, two lanes loaded or three or more lanes loaded for flexure. Do the same for shear for locations
within the span and at the supports. The controlling distribution factor will be the larger of these.

When checking deflection. the distribution factor shall be the maximum number of lanes loaded divided by the
number of beams and multiplied by the respective multiple-presence factor.

The designer shall also calculate the fatigue distribution factors similarly as above except only consider one lane
loaded.

Nb::4

Skew Adjustment factor neglected for
Moment (as skew adjustment reduces
moment this is a conservative approach)

8pm ‘= Max <g1MEL2 »83meL2 » 81mEL1 » 83mizL » 83miiL > 81mize » g1M11L> =0.83

Positive moment distribution

8hm ‘= max (gZMELZ y glMELl y gzMIlL y g2M12L> =0.83 Negative moment distribution
max (g1MEL1 s 81miL g3M11L> . ) o
8posfatm = =0.69 Positive moment fatigue distribution
myy,
max <g1MEL1 ) g2M11L> . ) .
Snegfatm = =0.69 Negative moment fatigue distribution
myy,
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Shear Interior Beam Shear Interior, one lane loaded
(Table 4.6.2.2.3a-1)
S
1y1:=0.36+
& 25.0 ft
gly1=0.78

Shear Interior, two or more lanes

loaded
2.0
Shear Exterior Beam gly;,:=0.2 +L— (i\.
(Table 4.6.2.2.3b-1) 12 fc \35 ft)
one lane loaded, Lever Rule gly;,=0.99
81lygry :==myy » LElyg 1 =0.83
two or more lanes loaded
d.:=0H—-10 in=1.75 ft
d
e:=0. ¢ =078
ft
8lygrz:=myy . (e . 81v1L1> =06
Skew Correction factor for Shear: : 03
LRFD 4.6.2.2.3c-skewed bridges ([ 12.10 L .t 3))
| '\ fo | APRCH * Hdeck }' |
Corskapr:=1+0'20’ | | -tan (skew):1107
\ Kgpos )
(( W
in 3
| '\12 f LnegM * Ldeck }' |
Corskneg::1+0-20° | | - tan (SkeW):1105
\ Kgneg )
(( W
3
| 112+ 20 Ly taeci ) |
Corgmain=1+0.20- | | tan(skew)=1.109
\ Kgpos )
Corg, :=max <COI‘Skapr , COT gy main 5 Corskneg> =1.11 Using highest calculated skew adjustment

factor for shear

Controlling Shear Distibution
Factor:

gvi=Corg. - max (glygL1 » 81lverz » 8lviz » 8lviny) = 1.09

max (glygrs > 8lyi)

myy,

=0.77

8yfar = Corgy *
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115% of steel weight to account for
Dead Load Computations: connection plates, diaphragms, weldments,
& 1/16" add'l thickness on plates

oo Ag- 490 pcf+ 115% - Lios + Aguy 490 P 115% - Ly _ o0 ”
Lpos+ Lneg

Wy =0.2 KIf
\ '—(S+OH\-t +150 pcf=881.25 plf
extdeck ¥~ l\? }' deck pcl=o0l.40-p
Wextdeck:0'88 klf

Wintdeck =S tdeck . 150 pCfZ 118125 plf
Wintdeck: 118 klf

Wogtput = (; +0H—10 in) -3.25 in- 145 pcf=274.9 plf
Weyepue = 0.27 KIf

Wingpue:=S+3.25 in+ 145 pcf=412.34 plf
Wipepye = 041 KIf

60% of railing load applied to exterior
girders, steel railing taken at 25plf on top
of concrete railing

(10 in+ (2 ft+3.25 in)+ 150 pcf+ 25 plf)

Wetrail := 60%+ 2.« 3 =185.31 plf
Wextrall_o 19 KiIf
W, o= 40%- 2 (10 in« (2 ft+3.25 in) - 150 pcf+ 25 plf) 12354 plf
(N —2)
W; =0.12 kIf

intrail —

Page 8 of 64



HS 20 load unfactored - 3.6.1.2.2 truck definition
undistributed without dynamic
load allowance

HS20 Truck
Distance Vmax Mmin Mmax Mo Rmin Emax
0.00 529 0.0 0.0 1 -56 5249
B6.55 44 4 370 2907 2| -85 698
13210 32 -740 5238 3 94 698
1965 284 -1110 653.2 4 -56 544
2620 213 -1480 687 4
3275 278 -1850 6791
3930 356 -2220 611 8
4585 427 -2590 469 8
52.40 49 2 -296.0 2702
58485 551 -3330 9495
6550 601 -4248 1105
7240 497 -3714 8149
79.30 418 -3180 314 8
86.20 33.7 -264.7 482 .6
93.10 256 -2113 5726
100.00 22.2 -160.2 511.5
106.90 303 -2144 589.1
11380 384 -268.5 485 .8
12070 48.1 -322.7 309.7
127.60 528 -3768 1.0
13450 613 -4310 1090
141.05 554 -328.0 98.1
147 .60 487 -2916 2706
15415 414 -2551 468 4
16070 335 -2187 604 4
167.25 251 -1822 665.7 Vepmax= 417 kipi
173.80 226 -1458 698.2 Mspmin= -291.7 k-ft
180.35 305 -1093 652 .5 Mspmax= 4108 k-ft
186.90 B89 -729 5091 Mmax= 6982 k-ft
193 .45 465 -364 304 6 Mrnin= -431.0 k-ft
200.00 54 .4 0.0 0.0 Vmax= 613 kipi
M haxhs20 = 698.16 ft-kip V axhszo = 61.3 kip
M hinhs20 = —430.97 ft-kip Mjhegns20 = —376.82 ftkip
R, hs20=52.94 kip Rphs20 = 69.83 kip
Mpmaxhs20 = 410.84 ft-kip Mpminhs20=—291.67 ft-kip

VSphSZO = 4’169 klp
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Negative Moment Truck Train load 3.6.1.3 90% of two HS 20 trucks with 14"
unfactored - undistributed axle spacing and 50’ from the rear axle of

. . the front truck to the front axle of the rear
without dynamic load a_IIO\fvance ek
(90% of HS-20 truck train figured)

Meg Moment Truck Train

Distance Vmax Mmin Mmax Mo Rmin Rmax
0.00 47 6 0.0 0.0 1 -37 47 6
6.55 309 -243 2616 2 -B6 701
1210 326 -4B6 471 .4 3 -85 700
1965 256 -730 587 .9 4 -37 406
2620 191 4973 618.6
3275 263 -1216 611.2
3030 331 -1459 550.7
45 85 301 -1703 422 8
52.40 443 -2510 2432
5845 406 -4149 897
65.50 543 -6341 997
7240 476 -4273 97 .2
7930 422 -286.2 261 .8
86.20 36.2 -238.2 3719
93.10 298 -190.2 4293
100.00 23.1 -1445 457 .3
10690 279 -1933 450.2
113.80 336 -2421 3923
12070 39.2 -2909 280.7
127.60 441 -4290 110.8
13450 56.1 -6369 98.1
141.05 517 -417.7 88.3
147 .60 46.7 -2533 249 4
15415 410 -1687.7 426.6
16070 347 -1438 547 .2
167.25 276 -1198 607 .2 Vsp= 38.8 kips
173.80 210 -958 640.6 Mminsp= -263.0 k-ft
18035 282 -719 586.1 Mmaxsp= 3446 k-ft
18690 356 -4789 466.3 Mmax= 6406 k-ft
193 .45 425 -240 2784 Mmin= -636.9 k-ft
20000 496 0.0 0.0 Vmax= 56.1 kips
M asnmee = 640.58 ft-kip Vmaxnmet = 56.05 Kkip
M innmee = —636.91 ft-kip M hegnmee = —429.02 ft-kip
R nmte=47.65 Kkip Rynmee = 70.08 kip
M pminnmee = —262.99 ft-kip M pmaxnmee = 344.62 ft-kip

Vipnme = 38.76 kip
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Design Tandem Load, LRFD 3.6.1.2.3
Unfactored, Undistributed, with
no dynamic load allowance

Tandem

Distance VYmax Mmin Mmax Mo Rmin Emax
0.00 456 0.0 0.0 1 -43 456
6.55 3g4 -281 2580 2 72 501
13210 333 -56.2 436.0 3 72 500
1965 274 -B4.3 5539 4 -43 418
2620 218 -112.4 6174
3275 226 -140.5 6131
3930 282 -168.7 54497
45 85 335 -196.8 438.1
52 .40 383 -22449 2011
58495 425 -253.0 1236
65.50 474 -327.1 831
7240 430 -286.0 1258
7930 380 -2449 2004
86.20 32.5 -203.8 4254
93.10 267 -162.7 51532
100.00 209 -121.6 550.2
106.90 23.3 -161.2 526.0
113 80 291 -202.0 444 4
120.70 4.8 -242.7 3127
127 .60 402 -283.4 1439
134 50 48.1 -324.1 839
141 .05 449 -250.5 1109
147 60 409 -222.7 2696
154 .15 3g5 -194.9 4154
16070 315 -167.0 5324
167 .25 261 -139.2 606.7 Vep= 30.1 kips
173.80 204 -111.4 626.7 Mminsp= -221.4 k-ft
180.35 239 -8B3.5 5826 Mmaxsp= 388.09 k-ft
186.90 296 -55.7 466.8 M max= 6267 k-ft
193 45 356 -27.8 2738 Mmin= -327.1 k-ft
20000 418 0.0 0.0 Vmax= 48.1 kips
M naxtan = 626.66 ft-kip V maxtan = 48.12 kip
M pnintan = —327.1 ft-kip M hegran = —286 ft-kip
R,tan =45.63 kip Rptan = 50.06 kip
Mjpmintan = —221.37 ftkip M pmaxtan = 388.09 ft-kip
Vgptan =30.12 Kip
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Fatigue Truck
Unfactored, Undistributed, with

no dynamic load allowance

Fatigue Truck

LRFD 3.6.1.4

Distance Vmax

0.00
6.55
13.10
19.65
2620
32.95
39.30
45.85
52.40
58.95
B85.50
72.40
79.30
86.20
83.10
100.00
106.90
113.80
120.70
127.60
13450
141.05
14760
15415
160.70
167.25
173.80
180.35
186.90
195.45
200.00

459
79
30.3
234
16.8
151
6.1
33.7
406
47 .2
525
41.5
34.0
28.5
19.8
15.2
22.5
30.0
37.5
a4 2
541
477
40.7
331
5.1
18.7
18.3
233
305
BT
45.3

Mmin
0.0
-290
-579
-86.9
-1159
-144.8
-173.8
-202.8
-2317
-260.7
-368.0
-2972
-2545
-211.8
-169.1
-126.4
-168.4
-210.9
-253.5
-296.0
-369.8
-263.1
-233.9
-204.6
-175.4
-146.2
-116.9
-87.7
-58.5
-29.2
0.0

Mmax

0.0
2481
3975
4596
476.8
484 3
4709
3738
2080
78.2
868
443
2003
335.2
396.1
456.4
4568.9
3839
239.0
445
87.2
785
1947
337.8
4118
481.1
5308
5102
404 6
2484
0.0

Mo BEmin Rmax

1 44 459

2 -Th 650

3 -5 649

4 45 453
Mspmax 32198 k-ft
Mspmin -230.031 k-ft
Mmax= 530.8 k-ft
Mzimmin= -116.9 k-ft
KMmaxrange 6477 k-ft
Mmin= -369.8 k-ft
Mzimmax= 87.2 k-ft
KMminranges -457 .0 k-ft
Wmax= 54.1 kips

M,y = 530.77 ft-kip
—369.79 ft-kip

M

minfat =

Mpnaxrange = 647.7 ft-kip
Mqptatmax = 321.98 ft-kip

Vinaxtae = 54.11 kip
Mapegrar = —297.19 ft-kip

Mpinrange = —456.98 ftkip
Mqptatmin = —230.03 ft-kip
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Uniform load Maximixed for Positive Moment approach spans govern by
inspection therefor spans 1 & 3 loaded, span 2 not loaded

w=1 k/f?‘—‘ ’—W:H'/ﬁ

| [

656" L59-0" 656"

Uniform load positioned for maximum positive moment

Uniform load for Maximum Fositive Moment (sp 1 & 3 Loaded)

Distance Vmax Mmin Mmax Mo Rmin Rmax
0.00 206 0.0 0.0 1 0.0 206
6.55 230 0.0 1723 2 o0 3549
1210 165 0.0 3017 3 o0 3549
1965 99 0.0 388.1 4 o0 206
2620 3.4 0.0 4317
3275 3.2 0.0 432 4
3030 9.7 0.0 3001
45 85 163 0.0 3050
52.40 228 0.0 1769
5845 204 0.0 6.0
65.50 3549 -2078 0.0
7240 0.0 -2078 0.0
7930 0.0 -2078 0.0
86.20 0.0 -207.8 0.0
93.10 0.0 -207.8 0.0
100.00 0.0 -207.8 0.0
10690 0.0 -207.8 0.0
113.80 0.0 -207.8 0.0
12070 0.0 -207.8 0.0
127.60 0.0 -2078 0.0
13450 3549 -2078 0.0
141.05 294 0.0 6.0
147 .60 228 0.0 176.9
15415 163 0.0 3050
16070 9.7 0.0 3901
167.25 3.2 0.0 432 4
173.80 3.4 0.0 431.7 Vspl3= 0.0 kips
18035 99 0.0 388.1 Mspl3= -207.8 k-ft
18690 165 0.0 3017 Mimax= 4324 k-t
193 .45 230 0.0 172 3 Mmin= -207.8 k-ft
20000 296 0.0 0.0 YVmax= 35.9 kips
M 3max =432.36 ft-kip Vi3max = 35.92 kip
M 3min =—207.85 ft-kip Mnegt3 = Myzmin=—207.85 ft-kip
R,13=29.58 kip R,13=35.92 kip
Mg,13=—207.85 ft-kip Vp13="0 kip
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"\ RICHMOND, ME 04357 A4/ [f

PH. (207) 737-2007 FAX (20

Uniform load Maximized for Negative Moment, spans 1 & 2
loaded, span 3 unloaded

w={ kAT ——— w={ kAT ———

65-6" ek 65-6"

Unitorm load positioned Tor maximum negative moment

Uniform load for Maximum Megative Moment (sp 1 & 2 Loaded)

Distance Vmax Mmin Mmax Mo Rmin Emax
0.00 248 0.0 0.0 1 0.0 24 8
655 182 o0 140.8 2 o0 803
13210 117 o0 2387 3 o0 32.0
1965 51 o0 2937 4 -26 0.0
2620 14 o0 305.8
3275 80 0.0 2750
3930 145 0.0 2013
4585 211 0.0 847
5240 276 -748 0.0
5345 342 -2772 0.0
6550 407 -5225 0.0
7240 327 -2732 0.0
7930 258 -714 0.0
86.20 189 0.0 82.7
93.10 12.0 0.0 189.3
100.00 5.1 0.0 248.2
10690 18 0.0 2595
11380 8.7 0.0 2233
12070 156 0.0 1394
127.60 225 0.0 7.8
13450 26 -1713 0.0
141.05 26 -154.1 0.0
147 .60 26 -137.0 0.0
15415 26 -1199 0.0
16070 26 -1028 0.0
167.25 26 -B56 0.0 Vepl2= 21.8 kips
17380 26 -B85 0.0 Mspminl2 -30.5 k-ft
180.35 26 -514 0.0 Mspmaxl2= 187.4 k-ft
18690 26 -343 0.0 Mmax= 305.8 k-ft
19345 26 -17.1 0.0 Mmin= -522.5 k-ft
20000 26 0.0 0.0 Vmax= 40.7 kips

M2max=305.82 ft-kip
M;omin=—522.54 ft-kip
R,12=24.77 kip
Mspmaxi2 = 187.38 ft-kip

Vg = 40.73 kip
MZneng =-—277.22 ftkip
Rp12 =80.32 klp

Mspminlz =-30.53 ft-kip
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Uniform load all spans loaded

W= Hr/ﬂ“‘

W=J'.k/)‘?“

liw—-”’/f?

L

L

l

556"

590 656"

Uniform load positioned for maximum negative moment

Uniform load (spans 1,2 &

3 Loaded)

Distance Vmax Mmin
0.00 259 0.0
6.55 193 0.0

1210 128 0.0
1965 6.2 0.0
2620 0.3 0.0
3275 6.9 0.0
3030 134 0.0
45 85 200 0.0
52.40 265 -174
5845 331 -2127
65.50 306 -4508
7240 276 -2366
7930 207 -699
86.20 13.8 0.0
93.10 5.9 0.0
100.00 0.0 0.0
10690 5.9 0.0
113.80 138 0.0
12070 207 -899
127.60 276 -236686
13450 396 -4508
141.05 331 -2127
147 .60 265 -174
15415 200 0.0
16070 134 0.0
167.25 6.9 0.0
173.80 0.3 0.0
18035 6.2 0.0
18690 128 0.0
193 .45 193 0.0
20000 259 0.0

Mmax

0.0
1480
2531
315.2
3345
3109
244 3
1349
0.0
0.0
0.0
0.0
0.0
491
1205
144 .3
1205
491
0.0
0.0
0.0
0.0
0.0
134 9
244 3
3109
3345
315.2
2531
1480
0.0

Mo Rmin Rmax

0.0 259
o0 741
o0 741
o0 2549

B LD B

Wspl23= 16.8 kips
Mspl23= -1.8 k-ft
Mmax= 3345 k-t
Mmin= -A450.8 k-ft
YVmax= 39.6 kips

M y3ma = 334.5 ft-kip
—450.83 ft-kip
R,123 = 25.87 kip

M,p103=—1.81 ft-kip

M123min =

Vi23max = 39.63 Kip
Mjnegizs=—236.58 ft-kip
Ry123="74.13 kip
Vgp123=16.75 kip
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Uniform load Span #1 only loaded (max fluid load positive moment)

w= [ k/Tt

690"

656"

Uniform load span one only loaded

Uniform load (span 1 only Loaded)

000
8.55
13.10
19.65
2620
3275
39.30
4585
52.40
58.95
6550
72.40
79.30
80.20
93.10
100.00
105.90
113.80
120.70
127.60
13450
141.05
147.60
15415
160.70
167.25
173.80
18035
18690
193.45
200.00

285
219
15.4
8.8
2.3
4.3
10.8
17.4
239
305
37.0
51
51
5.1
5.1
5.1
5.1
51
5.1
51
11
11
11
11
11
11
11
11
11
11
11

Distance Vmax Mmin

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-58.5
-2789.6
-244.4
-208.3
-174.2
-139.1
-103.9
-68.8
-33.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Mmax Mo Rmin Emax

0.0
165.1
287 .3
366.6
403 .0
3965
347 1
254 .8
1196

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

15

366
717
645
574
50.2
430
359
28.7 Vsp=

B LD B

0.0
0.0
-B.2
0.0

215 Mspl=

143 Mmax=
7.2 Mmin=
0.0 Vimax=

28.5
421
0.0
11

5.1 kips
-189.2 k-ft
403.0 k-t
-279.6 k-ft

37.0 kips

M. = 403.01 ft-kip

Mlmin =
R,; = 28.48 kip

—279.56 ft-kip

M,y = —189.19 ft-kip

V= 37.02 kip
M2neg1 =0 ftklp
R, =42.11 kip
VSpl = 509 klp
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Flexural Design: Calculation of
Maximum Moments

Strenth I:
Yui= 1.75 IM:= 33% Ydc:= 1.25 Ydw = 1.5

Positive Moments

(0.64-KIf\

————— 1 +max (M mva max
\ 1k1f} <13a 123 a>

M1 e1:=Yn* Zpm* ((100% + IM) *max (Mmaxhszo ) Mmaxtan> +

M1, = 1751.86 ft-kip

w
M1 et 7= Vete * et « My p3max = 368.47 ft-kip
1 KIf
W.
M1 fyidine = Yee * %dlefck *My53max =493.91 ft-kip

L o M3 = 83.49 ft-kip

M1yeam = Ydc* 1 KIf

W .
M1 it = Ve * — o My p3max = 77-48 ft-ki
railext *= Ydc 1 KIf 123ma: p

W... .
M1 it = Yae * — WMy y5 . = 51.66 ft-ki
railint *= Ydc 1 KIf 123ma: p

W
M1 pyrext = Vaw * — ot + My p3max = 137.93 ft-kip

1 kIf

w,
M1 tint = Yaw * 11?1); M3 = 206.89 ft-kip

Mlstrlext = MlLL&I + Mlbeam + Mlﬂuidext + erailext + Mlpvtext =2419.23 ft'kip

Mlstrlint = MlLL&I + Mlbeam + Mlﬂuidint + lv[]-railint + Mlpvtint =2587.81 ftklp
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Negative Moments:

0.64 - KkIf

M2i1&13=Y1*8um* ((100% +1M) - min <Mminh520 ) Mminnmtt> + T KIf

« min (M1p3min 5 MlZmin))

M2, e =—1720.7 ft-Kip

w
M20id0xt 7= Vete * i « My p3ymin = —496.62 ft-kip
1 KIf
W.
M2idint = ydc-%dlefc“. M35 = —665.68 ft-kip

tl .
-M - =—112.53 ft-ki
1 KIf 123min p

M2ycam = Ydc*

W .
M2, ex = Ve f’l‘g;“ * M 23min = —104.43 ft-kip

W... .
M2, = Ve s —— o o My = —69.62 ft-ki
railint *= Ydc 1 KIf 123min p

W
szvtext’= Yaw* 16)1(3)? * My 53min =—185.9 ft-kip

W.
szvtint = de ° %tli);t * M123min = —27884 ftklp

M2gir1exe = M2 g1+ M2heam + M2 quident + M2 gitext + M2 pytexe = —2620.17 ft-kip

Mzstrlint = MZLL&I + Mzbeam + Mzﬂuidint + l\/[Zrailint + szvtint =—2847.37 ftklp
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Negative Moments @ 0.1xL from
pier:

0.64 - KkIf

T - min <M2neg123 9 MZneg12> !

MBLL&I =Yn*8mm"* ((100% =+ IM) - min <M2negh520 s MZnegnmtt) + }

M3, ¢ = —1089.38 ft-kip

W
M3fidext 3= Ydc* %dle;k . M2neg123 =—260.61 ft-kip

Wintdeck )
M3 fuigint = Vac * ﬁ «Mypegi23 = —349.33 ftkip

M3peam = Ve Yt * My pegi23 =—59.05 fe-kip
1 KIf

extrail

1K

M3 aitext = Yac * M2neg123 =—-54.8 ft-kip

W. . .
M3 - . Intgail . M :—3653 ftkl
railint *= Ydc 1 KIf 2neg123 p

W
M3pvtext = de ° ﬁ * Mzneg123 = —9755 ftklp

W,
M3PVtint =Yaw* 1111:)? . MZneg123 =-146.33 ft: klp

M3 ext 3= M3 a1+ M3peam + M3guigext + M3paitext + M3pytexy = —1561.4 ft-kip

M3strlint = M3LL&I + M3beam + M3ﬂuidint + M3railint + M3pvtint =-1680.63 ftklp
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Capacity of Positive Moment
Regions - Strength Capacity

Exterior Girders - Composite

properties:
(S \ Ep 2
Adeckentr = 1 —+ OH L tyeq* =0.26 ft
deckexLT \ 2 } deck 3. EB
(S \ Ep 2
AdockensT = | —+ OH |+ tgoq  —> =0.78 ft
deckexST \2 } deck EB
( ( taeck \ \
|\AdeckexLT |\ - + dbea\m}I + Ag ° Ybar}I
Vexlt := =28.49 in
<A +AdeckexLT>
( ( taeck \ \
! AdeckexST - —+ dbeam I+ A * Ybar!
A\ | 2 ) ) _ ,
Yexst*= =34.57 in
<Ag + AdeckexST>

dior = tgeck + ts + dy + tpr=46.13 in

3 (S Ep ( tdeck \ 2
IextLT =Tgeck (? + OH) ° 3. “Eg + AdeckexLT * 'kdtot = Yexlt}I +L+ Ag * (yexlt = Ybar>
lyyr = 26933.39 in"
I I
St = T —3119.87 in’ Sewpir = — —945.29 in”
<dbeam T Yexlt> Yexit
E ( \
3 (S D tdeck 2
IextST =lgeck * (3 + OH} ° E_B + AdeckexST 3 'kdtot = % = y'exst}I +1+ Ag ° <Yexst = Ybar>
Lyisr = 39884.01 in"
I I
Sewisri=—5T _ =15601.21 in° Senisr = —21 =1153.77 in®
<dbeam — Vexst Yexst
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Interior Girders - Composite

properties:
2
Ageckintr =S * tgeck * =0.35 ft
3 ° B
ED 2
AdeckinsT *= ° =1.04 ft
Ep
( ( tdeck \ )
! AdeckinLT - —+ dbeam I+ A * Ybar !
_\ \ 2 ) B -
Yinit := =30.17 in
(Ag + AdeckinLT)
( ( taeck \ \
|\AdecklnST |\ ;C + dbeam)I + Ag * Ybar |
Vinst := =35.92 in
<Ag + AdeckinST>
dio; =46.13 in
2
3 Ep ( deck \ :
IintLT =Tgeck * S E + AdeckinLT ° 'Kdtot T = Yinlt}I + IX + Ag b <yinlt + Ybar>
° LB
Ly = 29870.78 in"
Iin'cLT .3 IintLT .3
SinthT = = 4295.47 n SinbfLT = = 990.05 1n
<dbeam T Yinlt> Yinit
; ( \
3 D Cdeck 2
IintST =lgeck Se—+ AdeckinST °! dtot - Vinst! + I+ Ag * <Yinst - Ybar>
Ep \ 2 )
I,y =44502.03 in"
I I,
Siutsr = ST —36842.66 in” Sipist = —L = 1239.02 in’
(dbeam T Yinst> Yinst
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Calculation of yield moment at
Strength | condition Exterior Girder:

Appendix D6.2.2 Composite Sections in
Positive Flexure

Fy:=50 ksi
MDlext = leluidext + Mlbeam =451.96 ftklp

Mp2ext = ML pytext + M1 pyiiene = 215.41 ft-kip

( MDlext MDZext\

M pexttf = SexetsT * |\Fy— =53556.93 ft-kip

Stf SexthT }

{ MDlext MDZext\

Mpextbf = Sexbfst * |\Fy = =3777.47 ftkip

Spt SexbfLT }

Mapext = i (Mppeytrs » Mapexws) = 3777.47 ft-kip

Myext = MADext + MDlext + MDZeXt = 4’444’85 ftklp
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Check Plastic Moment:

RICHMOND, ME 04357 4/

Appendix D6.1-1 Composite Sections in

Positive Flexure

= 0.85-f'c-(S

Ps. | —
PC = Fy . Atf: 850 klp
Pyi=F,« A, =765.63 kip

PT = Fy L] Abf: 850 klp

+ OH} « tyec = 2876.4 Kip

per Appendix Pc stands for Compression
flange

per Appendix Pt stands for Tension flange

H 1 The Plastic Neutral Axis is in the concrete
| deck this is not unexpected, the reinforcing
else if (PT +Pyw+ PC> > <PS€> steel is neglected as part of the section for
H 2 the sake of simplicity and conservatism.
else
E
(Pc+Py+Prp) .
Ypexbar =tgek ————=7.71 in
PSe
tis i
Aife = tgeck — Ypexbalr + 7 =1.82 in
t d
dye = dige + — +—2 =19.85 in
2 2
d t
dpgei=d, e+ — + -2 =37.88 in
2 2
2 A
Mpex = Ypexbar ° t + <PC ° dtfe + Py dwe + P dbfe> =4870.67 ft'klp
° Ydeck
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Nominal Flexural resistance per LRFD
6.10.7.1.2

Dyex = Ypepar = 771 in

Diot = tgeck + dpeam = 46.13 in

PeX — 0.17 Dp/Dtot > 0.1 therefor full plastic moment
tot cannot be reached
Mnex:: Mpex' (107—07‘ pEX\—4641 36 ft- klp
\ Dtot }
@r:=1.00 Resistance Factor from LRFD 6.5.4.2

M

rex

= @ge min (Mg, 1.3+ M) =4641.36 ft-kip

M1 o = 2419.23 fr-kip

Nominal moment capacity must be less
than 1.3x the yield moment per
6.10.7.1.2-3

if My >M1gext = “Exterior Girder Strength I flexure okay”

” “Exterior Girder Strength I flexure okay”
else
“ “Exterior Girder Strength I flexure no good”
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Calculation of yield moment at
Strength | condition Interior Girder:

Appendix D6.2.2 Composite Sections in
Positive Flexure

F,:=50 ksi
Mp1ine = M1guidine + M1peam =577.4 ft-Kip
MDZint = Mlpvtint + erailint =258.55 ftklp

( Mpiine  Mpy; t\
MaDinttf = Sinefst * |\Fy - =

=120005.09 ft-kip
Stf SmthT }

M =S {F MDlint MDZlnt\
ADintbf ‘= inbfsT * | Fy = ———

=3786.79 ft-kip
Spe SinbLr }

Mpint := M1 (Mapingts » Mapines) = 3786.79 fr-kip

Myine := Mapint + Mpine + Mp2ine = 4622.74 ft-kip

yin
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Check Plastic Moment:

Appendix D6.1-1 Composite Sections in
Positive Flexure

Pgi:=0.85+f" Sty =3855.6 kip
Pc:= Fy «A;=850 kip per Appendix Pc stands for Compression
flange

Pyi=F, A, =765.63 kip

Pp:= Fy «Ap=850 kip per Appendix Pt stands for Tension flange

‘ 1 The Plastic Neutral Axis is in the concrete
| deck this is not unexpected, the reinforcing

else if (PT +Pyw+ PC> > <P5i> steel is neglected as part of the section for

H 2 the sake of simplicity and conservatism.
else

E

(P + Py +Py)
Ypinbar = tdeck e~~~ 7 =576in

PSi

Gy .
difi = tgeck — Ypinbar + 5= 3.78 in

dy;i=dyg + SN o181
2 2

d t
dbfi = dwi ‘i‘TW'i'%f = 3984’ in

2
pinbar *

Myin =Y,

pin : + <PC L] dtfi + PW L] dwi + PT . dbfi> = 507195 ftklp
° Ydeck
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Nominal Flexural resistance per LRFD
6.10.7.1.2

Dpin = Ypinbar = 5.76 ln

Diot = tgeck + dpeam = 46.13 in

D.

P 0.12 Dp/Dtot > 0.1 therefor full plastic moment
Dtot cannot be reached
( pln \
Mpin =M+ 1.07 = 0.7« | =4983.98 ft-kip
\ tot }
@r:=1.00 Resistance Factor from LRFD 6.5.4.2

Myin = Qg+ mint (Mpyy , 1.3 + Mys,) = 4983.98 ft-kip

Mlstrlint = 2587.81 ft'klp

Nominal moment capacity must be less
than 1.3x the yield moment per
6.10.7.1.2-3

if M >M1gqine =“Interior Girder Strength I flexure okay”

” “Interior Girder Strength I flexure okay”
else
“ “Interior Girder Strength I flexure no good”
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Check Negative Moment Capacity
of exterior girders:

Check Local Buckling per 6.10.8.2.2

b

Api= b _ 8.65 flange slenderness ratio
2 * tbf

D.:= 1 : ( B\

¢ =Vbar=1856 in A, =5.7-\/|—| =137.27
y)

. 2D,

Rb = lf < }\I‘W = 1

|1

else

“load shedding factor must be calculated”

Rh =1 Section is not Hybrid, all plates are grade
50, therefor 6.10.1.10

Foab=Rp* Ry Fy =50 ksi Because the flange slenderness ratio is less
than the compact flange slenderness ratio
of 9.2 per C6.10.8.2.2-1

Check Lateral torsional buckling resistance:
Cb taken as 1.0

= Fye:=F, =50 ksi
Lp :=1-I‘tbfnm- F_ =10.01 ft
Fypi= 0.7+ F, =35 ksi
Eg
Lr =TT I'tbfnm . F_ =31.45 ft
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ROCKINGHAM FRAMING PLAN
Lppier:=9 ft+4 in=9.33 ft at pier locations
=50 ksi

Flyg = if Lyper <L,
HRb-Rh-Fyc
else if Lppier <L
H(l—(l— e ). { Lo~
I\ U RatFye) U L—L

else
” (Ry+ 7" +Ep)
2
” I(prier\l

H \ Twr )

L, \\l

P

‘Rb‘Rh'F

F1,.:=min <F11tb ) Fnclb> F1,.:=R,+F,=50 ksi

F1,.:=@;+F1,,=50 ksi F1..:=@¢+F1,,=50 ksi

M2
1:bexts'[rl = |l =—40.92 ksi
bfnm
M2
fointstr1 = _TSUlnt 44,47 ksi
bfam
M2
ftextstrl = _srdext —40.92 ksi
tfhm
M2
fiintstr1 = _TSUlnt 4447 ksi
tfhm
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Lobpier = 25 ft+2 in=25.17 ft adjacent to next Cross frame at pier
locations
letb = if Lprier< Lp =39.4 ksi

H Ry* Ry By
else if Lopyier <Ly

”( ( l::yr \ {Lprier_Lp \

1 e ey
else

” (Ry+ 7" +Ep)

H I(Lprier\Iz

|\ Teor )/

F2,.:=min <F21tb 3 Fnclb>

F2 .:=@f+ F2 ., =39.4 ksi

M3
fhextstr1 *= _sudext —24.39 ksi
bfnm
M3
fointstr1 = ST 2625 ki
bfam
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Check Constructability:

Positive Moment Region Governs by inspection as the negative ot B
moment region is designed non-composite, therefor by definition
it is capable of carrying the fluid loads during deck construction.
Overhang moment is carried between Cross frames by a couple
resisted by lateral flange bending between cross frames ]

L1y =25 ft+2 in=25.17 ft ;
Weoncoh *= tdeck’YCZO.ll ksf :
Wconst]] = 50 pSfZ 005 ka

Yiicon1 :=1.75 Construction live load during deck placement
W1k 3= Ydc * Weoncoh + Yiicont * Weonstl = 0-23 Ksf =
(fon, -0 )
Hpp—— .
M, =iy, - for — 2] A 2) ) _q3 SR
} \ 2 ft
o= dy+— + L =36.06 in
2
oy = = .54 FIP.
cpl ft
W L1,
Mlat::%:éﬁ.SZ ft-kip
by -t M
Syi=——1=4533 in’ = —2C =11.33 ksi
6 ytf
by -t M
sybf::%:zxs.% in’ o= —2t =11.33 ksi

ybf

S
thasedeck = (3 it Oth} *tgeck * Yc=1021.88 plf
W (S OH ) =454.17 plf
constll *= '\3 + ph }' * Weonstll = . P
Wlstrlphase =Ydc* thasedeck + Ylicon1 * Wconstll =2.07 KIf

Wlgon _
M1 pase :ﬁ M0y = 835.09 ft-Kip

I:ltf M1 phase

flbutf S = 1852 kSl
tf
f,, Ml
FLy = —r 4 % =18.52 ksi
bf
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Check overhang during deck placement for Strength IV condition:

Weoncoh *= tdeck * Ye = 0.11 ksf
Wconst]] = 50 pSfZ 005 ka

Yilcon4 = 1.5 Construction live load during deck placement for strength IV use 1.5 as some live
=15 load will be present during the placement
Ydca = 1-

W44 = Ydca * Weoncoh t Yiicons * Weonstl = 0-24 ksf

b
( ber) ({Oth_th\' b \| f-ki
Mons = W4y « 1 OHpy L \ / +—tf|:1.74- P
\ 2)\ 2 2) ft
t t
Dy = dyy + —+—= = 36.06 in
2 2
M
Wylat = o = =0.58 — Kip
cpl ft
Wt * Lo
M4lat::%:45.75 ftklp
M M
Fyepi=—2 =12.11 ksi Fyppi= — = 12.11 ksi
ytf ybf
W4str4phase *=Ydca* thasedeck + Yiicon4 * Weonstn = 2.21 KIf

W4
M4 ppage = 7;1‘3}“ M, = 892.28 fe-kip
f,, M4
=+ — P — 19,53 ki
3 Sif
frr M4
1= 2 +— P9 — 19 53 ki
3 Sy
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For Interior Girders Constructability stresses
(Str 1 & Str IV cases):

Ydc* .S tdeck YC+Y”COI11 *S- * Weonstll

M1gqinei= T « M. = 965.33 ft-kip
+Set + +Sew
M4str4mt L <ch4 deck * Yc T Yiicon4 ® constll) . MlmaX: 1031.45 ftklp
1 kIf
M1, 4 .
FL g = —— ™ — 17,04 ksi Fly = —— M 18.2 ksi
tf tf
M1, M4 .
Flpfing = — " = 17.04 ksi Flp i = —— " — 18.2 ks
Sbf Spe
fyueei= max <f4’butf, flpuers flifine s f4tfint> =19.53 ksi Controlling top flange stress during deck
construction
fbubf ‘= max <f4’bubf, flbubf s flbfint s f4bfint> =19.53 ksi Controlling bottom flange stress during
deck construction
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Check Constructability for Phase
Const Overhang

Check Local Buckling per 6.10.8.2.2

>
=3

=7.53
2.ttf

flange slenderness ratio bottom flange

D.:=yp,,=18.56 in
Rb: 1

Fnctﬂb = Rb L) Rh . Fy: 50 ksi

Check Lateral torsional buckling resistance:
Cb taken as 1.0

{n 25

;'ﬁvljzln :(m\b i

RICHMOND, ME 04357

' (]
s PH (207] T37-, '200? FAX (20 37-: 2003
AN R M‘ AN

A

Because the flange slenderness ratio is less
than the compact flange slenderness ratio
of 9.2 per C6.10.8.2.2-1

/E
Lp :=1°rttf' F_ =8.64 ft ch = Fy:SO ksi
Eg _
Lp:=7TeTyse F_ =27.16 ft Fyr:: O.7-FYC:35 ksi
y
Fiperi= 1f Llpa <Ly =36.61 ksi
H Rp* Ry + Fye
elseif L1, <L,
Ity F ). (L W
”|1—|1— il max| pII.Rb'Rh'FyC
iU U ReRg) UL, )
else
2
H (Ry- 7" +Eg)
2
I (L)

” I\ Cier /I

Fooei=min <Fltbtf7 Fnctﬂb> =36.61 ksi

Frctf = Pge Fnctf: 36.61 Kksi

Resistance of Top flange is greater than Top flange stresses
due to maximum overhang and deck placement sequence
including 50psf live load due to formwork and construction
equipment. Bottom flange is okay by inspection. Capacity
will be equal or greater, stresses will be equal or lesser
therefor no further investigation is necessary.
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Check Strength Il - Wind Loads

Ping:=0.050 ksf  table3.8.1.2.1-1

Yuz :=0.0

Consider the wind on the bottom 1/2 of the
web and on the bottom flange to be carried
by the bottom flange of the exterior girders
between diaphragms in lateral flange
bending. Wind on the top 1/2 of the web,
railing, and top flange is carried by the

deck acting as a diaphragm.

M
f13 = Yy3 e ulatbf —227

ybf

M4y 81= Y3 * 8pm * ((100% +1IM) « max (Maxhs20 » Mimaxtan) +

Yw3 = 1.40 Ydc= 1.25 Yaw = 1.5
w o, )
Oyindbtm *= Pwind * | — + tor] = 77.34 plf
2
L1
Mulatbf:: Wyindbtm * % =6.12 ft'klp

In cases of negative moment the bottom
flange is in compression - in cases of
positive moment the bottom flange is in
tension

ksi

0.64 kIf
— emax <M13max ) M123max>\'

1 kIf )
M4 e1=0 ft-kip Maximum positive & Negative moments
for LL+I for Strength Ill are the same, zero

M4LL&I <M1railext +M 1pvtext> Mlﬂuidext + Mlbeam .
fu3postf + + = 881 kSl

SexthT SexthT Stf

M4per  (Mluiexe ¥ MIputeny)  MIguigexe + M1y fi3
fu3posbf + ( railex pvtex > + uidex eam + B 1147 ksi

SexbeT SexbfLT Sbf 3
F..:=50 ksi top & Bottom flanges okay in positive flexure for strength lil per LRFD 6.10.8.2.1

Frt =g Rh‘Fy: 50 ksi

Top flange is in compression, but in the finished construction for the strength limit state
the Moment capacity is > the yield moment therefor setting the Resistance to the yield
strength in the composite section is conservative.

Muneg3x = M4LL&I + Mzﬂuidext + Mzbeam + Mzrailext + szvtext =-899.47 ftklp

M 3 _f13 M 3
fubfaneg =~ 4 —~ = —14.8 ksi Futtaneg = s = —14.05 ksi
Sbfnm tfhm
=50 ksi Top & Bottom flanges okay in negative
s both at pier and adjacent to pier
F2,.=39.4 ksi flexure
rc for strength Ill per LRFD 6.10.8.2.1
F..=50 ksi calculated resistance from negative

moment calculations located previously
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Check Strength V - condition:

Y5 = 1.35 Yws = 0.40

0.64 KIf

M5, 161 :=Yiis * 8pm * ((100% +1IM) » max (Myaxhs20 » Mimaxtan) + THF

* max <M13max s M123max) !

)
M5, ¢ = 1351.43 ft-kip

, 0.64 - kIf ,
M6LL&I =Y1u5°*8nm* ((100% + IM) s min <Mminh520 ’ Mminnmtt> +W s min <M123min s M12min>}'
M6,,¢ = —1327.4 ft-kip
M
fis = Yyp5 e —a22 = 0.65 ksi
ybf
£ MSLL&I + <M1railext+ Mlpvtext> + Mlﬂuidext + Mlbeam —9.85 ksi
Spostf ‘= =Y.

T Seust Sextiir Si
£ ._ MSLL&I + <M1railext + Mlpvtext) + Mlﬂuidext + Mlbeam E 24.98 ksi
S st Sexbitr Sor 3
F.ir=36.61 ksi top & Bottom flanges okay in positive
F. .= @ Rh .F. =50 ksi flexure for strength V per LRFD 6.10.8.1.2

re*— y—

Muneng = M6LL&I + Mzﬂuidext + Mzbeam + Mzrailext + szvtext =—2226.87 ft'kip

M —f
_unegdx B 35 ksi

Sbfnm

1:ubeneg =

M
Futfsneg = — et = —34.78 ksi

tfhm

F1,.=50 ksi Top & Bottom flange okay in Negative
flexure both at pier and adjacent to pier
for strength V per LRFD 6.10.8.1.1

F2,.,=39.4 ksi calculated resistance from negative
moment calculations located previously

F..=50 ksi
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Check Service Il load case for
Exterior girders Positive moments

Yiisvez == 1.3

0.64 KIf

Msvcllmax = Yiisve2 * 8pm * ((100% + IM) *max <Mmaxh520 ’ Mmaxtan) + * max <M13max ’ M123max> !

1 KIf J
Msvcll} ;v =1301.38 ft-kip
\W% +W,
MPg,ciimedex —% «M 30 = 361.57 ft-kip
W trail
Mpsvcllsidcx:: 16)1((;? M123max_ 61.99 ft- klp
W tpvt .
MPg,r1gwx = 18’1‘('1} M p3ma = 91.95 ft-kip
fsvc[]posbfx:= Mpsvcllncdcx + MPsvcllsidcx+Mpsvclldwx + MSVCHLLMax —21.87 ksi
Sbf SexbfLT SexbeT
fSVCHpOSth A Mpsvcllncdcx + MPsvclIsidcx+ Mpsvclldwx + MSVCHLLMax —7.97 ksi
Stf SexthT SexthT

0.64 kiIf

MsVCIl; min *= Yiisvez * Enm * ((100% + IM) +min <Mminh520 s Mmintan> + TKIF

« min (Myzmay » M123max>}

MSVCIILLMin = —4’08.37 ft'klp

Wextdeck + Wstl + Wextrail + Wextpvt

MNsvc]Itotx = ° M123min + MSVCIILLMin = _1103.16 ft'klp
1 KkIf
MNsvcllto'o( _MNsvclltotx .
fsvcllnegbfx: —————=-19.47 ksi fsvcllnegtfx i=— —— ~ =19.47 ksi
bf tf
Fovelipos = 0.95. Fy =47.5 ksi Per LRFD 6.4.2.2 for both top flanges and
bottom flanges where deck is composite
with steel
FsvclIneg :=0.80« Fy =40 ksi Per LRFD 6.4.2.2 for both top flanges and

bottom flanges where deck is not
composite with steel (negative moment
region)
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Check Service Il load case for
Interior girders Positive moments

Yiisvez == 1.3

0.64 KIf

Msvcllmax = Yiisve2 * 8pm * ((100% + IM) *max <Mmaxh520 ’ Mmaxtan) + * max <M13max ’ M123max> !

1 KIf )
Msvcll} ;v =1301.38 ft-kip
W, +W
MP,, ineder = —mteck T 7S M. =461.92 ftkip
1 KkIf
W. . .
MP v = nrail M x = 41.32 ftkl
svcllsidci 1 KIf 123ma; p
W,
MP,ciiduwi = —P o M g = 137.93 ft-ki
svclldwi T KIf 123ma p
MP . MP idei + MP, . Msvcll

fsvc[]posbﬁ i svcllncdci + svcllsidci svclldwi + LLMax —2293 ksi

Sbf SinbfLT SinbeT
fsyc[]postﬁ L Mpsvcllncdci + MPsvclIsidci + Mpsvclldwi + MSVCHLLMax —9.27 ksi

Stf SexthT SinthT

, 0.64 KIf ,
Msvcll} uin = Yiisve2 * 8nm * ((100% =+ IM) s min <Mminh520 s Mmintan> + W = min <M12max ) M123max> [
MSVCIILLMin = —4’08.37 ft'klp
W; +Weq+ Wi + Wi
MNsvcntotj — intdeck stl intrail intpvt . M123min + MSVCHLLMm —_1272.53 ftklp
1 KkIf
MN - —MN ;

fsvcllnegbfi = ﬂ =—22.46 ksi fschInegtfi = ﬂ =22.46 ksi

Sbf tf
Fsvcleos :=095. Fy =47.5 Kksi Per LRFD 6.4.2.2 for both top flanges and

bottom flanges where deck is composite
with steel

Foyciineg := 0.80 « F, =40 ksi Per LRFD 6.4.2.2 for both top flanges and

bottom flanges where deck is not
composite with steel (negative moment
Stresses in Exterior Girders are way below region)
the limit therefor permanent deformations
are not anticipated in the permanent
structure
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Check Fatigue Load Case:

Base Metal for Uncoated Weathering steel, and complete Joint
Penetration fully NDT ground welded butt splices (as per flange

splices) also for bolted connections with high strength bolts designed

as slip critical connections with pretensioned bolts in holes that are
drilled full sized or subpunched and reamed full size: Category B

Base metal at the toe of
transverse stiffener to flange
welds: Category C'

Ag:=120 10° ksi’ =12000000000 ksi’  Ayp:=16 ksi
Aci=44-10° ksi’ =4400000000 ksi®  Ayei=12 ksi
M axrange = 647.7 ft-kip Year = 1.5
Mpinrange = —456.98 ftkip AFg:=Ayp=16 ksi

6.6.1.2.5 for Infinite Life check

Fatigue |, Base metal and welded flange
splices are okay as the total factored
fatigue range of stress is less than the
threshold for infinite life.

(100% + IMfat> Mmaxrange

fBinbfmax *= Yfatt * * 8posfatm = /48 Ksi

SinbeT

<100% + IMfat> . Mmaxrange

fBintfmax = Yfat1 *

* 8posfatm = 8-03 ksi
SexbeT

<100% + IMfat> s Mminrange
S

* Bnegfatm = —8.5 ksi

fBtfmax *= Yearr *
tfnm

Stresses at the toe of the fillet welds will be
less than those at the extreme fiber of the
girder as they are calculated here and
therefor the stress range will be less than
that calculated here, and the calculated
stresses are less than the fatigue threshold
for category C' details therefor there is no
reason to continue to investigate fatigue at
the connection plate welds it is okay by
inspection.
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IMfat = 15%
=0.69
=0.69

gposfatm

gnegfatm

Table 6.6.1.2.3-1 (AASHTO LRFD)

Table 6.6.1.2.3-1 (AASHTO LRFD)

AFC' = AthC' =12 ksi

Interior btm Flange Max
Positive moment

Exterior btm Flange Max
Positive moment

Interior or Exterior top Flange
Max Negative moment
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Shear computations: (vertical

shear)
Nominal resistance of Unstiffened webs per
6.10.9.2
D:=d,=35in Fyi=F,=50 ksi

V,:=0.58t,D-F,, =444.06 kip

k:=5 for unstiffened panels per 6.10.9.2
B =80
tW
EB . k
1.12 =60.31
Fyu
Eg-k
1.40. =75.39
Fow

Because D/tw > 75.39:

o 1.572 (Eg- k\_071
oy B
\tw)

V,:=C-V,=315.91 kip
@,:=1.0 Per 6.5.4.2 for Shear
V,.:=¢,-V,=315.91 kip

yl] = 175

Viext := Vi +

)\ RICHMOND, ME 04357 4/ |1

PH (207] 73? 200? FAX (20 37-: 2003
ANVl R L//’

dc— 125 YdW: 15
0.64 - kIf .
ull =8v*Yu* ((100% + IM) max <Vmaxh520 I Vmaxnmtt I Vmaxtan> + W * VlZmax) =205.61 klp
Ydc* <Wst1 + Wextdeck + Wextrail> T V123max Ydw* Wextpvt 4 V123max —284.68 klp
1 KkIf 1 KkIf

Ydc* (Wstl + Wintdeck + Wintrail> ° V123max
Viine = Vun +

Yaw* Wingpve* Vizamax _ 50, o« kip

1 KkIf

Shear Resistance is > factored shear
therefor vertical shear is okay
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Bearing Stiffeners: IM=33%
Use the same material as for the flanges of
the girder for bearing stiffeners Yi= 1.75 Yie= 1.25
0.64 - KIf
Rupll =8vYn-° '{(100% + IM) *max <Rph520 ) anmtt ’ Rptan> e S ETEE \
\ 1 KkIf
0.64 - KIf .
Ruall =8ve Y ((100% + IM) * max <Rah520 ’ Ranmtt ) Ratan> +W . Ra123} =166.19 klp

Ydc* <Wst1 + Wextdeck + Wextrail> +Yaw* Wextpvt .
1 kif

R = Rupll + Rp12 =436.59 klp

upex

Ydc* (Wstl + Wextdeck + Wextrail> +Yaw* Wextpvt .

Ruaex = Ruall + 1 KIf R3123 =217.8 klp
« (W + W, +W. )+ ‘W,
Rupin e Rup11+ Ydc ( stl intdeck 1ntra11> Yaw intpvt p12 —477.07 klp
1 kIf
« (Weq+ W, + Winrail) + Yaw * Wi
R = Ry Wsa ““d“kl klf“‘“”> Yaw* Winwwt  p . —230.83 kip

tbSp = ttf: 1.06 in

’ E
btpmax :=0.48- tbsp . F—B =12.28 in btp :=7 in

y

Api=bye2 -ty +9-2-t,”  =1832 in”

3
_ (bp2+t,) by .\ ty + (29 ty—tig)

P 12 12

=266.5 in"

per6.10.11.2.4a &b

I Legrp:=0.75-D=26.25 in 10,
Ty = VAi =3.81in ©.:=0.90 pek.5la.2

tp
Poi=Ayp - Fyy=916.02 kip

. +Ep )
e —72-Atp:110698.13 kip
(Leffp\
\ Lip /
(P
P, Y
P——120 .85 P,:=0.658" °'.P,=912.85 kip
o
P.:=¢.-P,=821.56 kip 7" wide bearing stiffeners is adequate for

pier and abutment locations
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Check Horizontal Shear in Positive
Moment regions (shear flow)

Radial Fatigue Range due to skew:

F,.:=40 kip

Estimated lateral forces from diaphragm due to differential

deflections being induced in adjacent beam line from skew effects

Win =48 in

Weng =24 in

kip
FfatZint = =083 —
int in
ki
Fratzend = =167 — P
end in
( Cdeck
Qext := Adeckexst * | drot — =
\ 2
I( tdeck

dtot -

Qint = AdeckinST =

Qext =(1.979.107%) in""
IextST
Qe =(1.9231-107%) in~
IintST

—yexst) =7893 in’
\
Vinst 1 = 855.8 in’
n:=3

Effective Length of Deck except at end supports

Effective Length of Deck at end supports

1st moment of transformed
short term area of concrete deck
about the neutral axis of the
section

Studs per location

Cycles per truck passage will be 1.0 per section 6.6.1.2.5-2 because the spans are >40.0 feet
and we are only designing for "other than" at interior supports

d, ::% in=0.88 in

ADTT14 = 280

ADTT,,+ ADTTg,

ADTT, := -

D;Djs¢:=55%
ADTTge:=1100

. DirDist = 379.5

N:=365.75-1-ADTT,=10388812.5

O = (34.5—4.28 < log (N)) « ksi =4.47 ksi

7=+ dg” =3.42 kip

n-Z.=10.26 kip
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ADTT at 75 years estimated at 1.85%

annual increase over 75 years

AASHT0 6.6.1.2.5

AASHTO 6.10.10.2-3

AASHTO 6.10.10.2-2
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VB X

I r = 44502.03 in* Py = 0.83 P
in
Mg, :=15%
Lyesr = 39884.01 in” Frppung = 1.67 0P
in
O = 855.8 in” lintsT 44502 in®
Qure= 789.3 in” LSt 39884 in”
Qipeflines7=  0.0192 in™ I 15%
Quyefleesr= | 0.0198 in™ Fatigue Distribution Factor= 0.77
Zxn= 10.26 kftriple stud
Factored
Distributed Frat  Viasnt | Vitext  Vernt | Wore
Location Truck w Im. Wf kfiin @ kfin  kfin @ kfin  Kfin D int D et
0.00 4590 3048 167 059 060 177 178 5.80 578
6.55 3790 2517 0832 048 050 096 097 1068 1060
1210 3030 2012 083 039 040 092 092 11.20  11.15
1965 2340 1554 083 030 031 088 089 1163 1159
26.20 16.80 1116 083 021 022 086 086 11497 11495
3275 1810 12.02 083 023 024 086 086 1191 1188
39.30 26.10 1733 083 033 034 089 090 1147 1142
45 85 3370 2238 083 043 044 093 094 10497 1091
52.40 40.60 2696 083 052 053 098 0499 n/a n/fa
79.30 34.00 2258 083 043 045 094 094 n/a n/fa
36.20 26.50 17.60 083 034 035 090 090 11.45 1140
93.10 19.80 13.15 083 025 026 087 087 11.82 11.80
100.00 15.20 10,09 083 019 020 085 085 12.04 12.02
10690 22.50 14494 083 029 030 088 088 1168 1164
113 .80 30.00 19492 083 038 039 091 0952 1122 1117
12070 37.50 24490 083 048 049 095 057 nfa nfa
147 60 4070 2703 083 052 053 098 0459 nfa nfa
15415 33.10 2198 083 042 044 093 054 1102 10495
16070 26.10 1733 083 033 034 089 050 1147 1142
167.25 1870 12432 083 024 025 086 087 1188 11.85
173.80 16.30 1083 083 021 021 086 086 1199 11497
18035 23.30 1547 083 030 031 088 088 1164 1160
18690 3050 2052 083 039 041 092 092 1116 1110
19345 3790 2517 083 048 050 0986 057 10,68 1060
20000 4530 3008 167 058 060 177 177 581 579
pitch= n/a at negative moment regions over piers

stud spacing there will be douhble studs
at 24" spacing
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Nominal Shear Force (shear studs
strength condition)

Pipii=0.85 '+ S ety =3855.6 kip LRFD 6.10.10.4.2-2

Pipe:=0.85-f" - (; + OH} tieck=2876.4 Kip  LRFD 6.10.10.4.2-2 ( \

A, o l— 5 | =0.6in"
Pyp:=Fy«A,=2465.63 kip LRFD 6.10.10.4.2-3 \ /
Flss:=60 Ksi LRFD 6.4.4
P, := min (max (P, Pqpe) , Pop) = 2465.63 kip
F
F = ™ .52 ft=520 kip Estimated due to skew effects
Wint
P:=Y sz + sz =2519.86 kip LRFD 6.10.10.4.2-1
Qu1:=0.5:A; -/ f'.-E. =37.23 kip LRFD 6.10.10.4.3-1
Quz=As * Fss=36.08 Kkip LRFD 6.10.10.4.3-1
Qu:=min(Q,;,Q,2) =36.08 kip LRFD 6.10.10.4.3-1
sc = 0.85 LRFD 6.5.4.2 for shear connectors
Q=g+ Q,=30.67 kip LRFD 6.10.10.4.1-1

Number of Shear Connectors required between points
of contraflexure & Maximum moment or between end
reactions and points of maximum moment:

#SSqa :=Qi:82.17

r
use a minimum of 28 sets of 3 studs
#SS

rqd —2739 between points of contraflexure and
' maximum moment
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Although steel is designed non composite for negative flexure - check stress in deck in order to determine
required As in neg moment region, and then be able to check Shear stud requirements between points of
contraflexure w/in negative moment regions for non-composite designs (per 6.10.10.3)

L, —14261.98 in* Ageciinsr = 149.93 in” Voarnm = 18.56 in
Ay =5436 in” Ageckexsr=111.85 in” dyy =46.13 in
Teck )
Agnm * Ybarnm + AdeckexST ° l\dbeam i}
Yb X =34.08 in
i AdeckexST + Agnm
t4 k\
Agnm * Ybarnm T AdeckinST ° |\dbeam ;C }
Vbarnegin i= =35.49 in
i AdeckinST + Agnm
Ep | \
S td k 2
Icompnmex tdeck '\E =+ OH\ = - Ybarnegex I+ Ixnm -+ Agnm ° <Ybarnegex = Ybarnm>

} \ tot
(Ep)

| E_ |* <Ic0mpnmex>
Icompnmex: 42779.07 in4 Sdecknmex \ dD} v =26867.85 in3
tot — JYbarnegex
2
Leck
Icompnmin =lgeck *O° E inST * \ tot — % —Ybarnegin| T Linm + Agnm T <Ybarnegin = Ybarnm>
B

| _}| * <Ic0mpnmin>

I —47625.86 in" —=33865.39 in”

compnmin Sdecknmin =

dtot - Ybarnegin

W, + W,
el T e M g & MV i = —615.84 ft-kip

MNgyeritotxdeck = 1 KIf

Wintrail + Wintpvt

MNivelitotideck = * Mi23min + Msvelly i, = —649.96 ft-Kip
1 kIf
—MN Iltotxdeck
fSVCZdeckex = SO _275.05 psi Per section 6.10.1.7 if maximum tensile stress in concrete
Sdecknmex deck due to service Il loading condition is >phi x fr then
the area of reinforcing steel in the deck must be a
minimum of 1% of the deck area in negative moment
£ _ _MNsvclltotideck —23031 . regions.
sve2deckin*=— o — . ps1
Sdecknmin
@:=0.90 f.:=0.24 /' - ksi =0.48 ksi
@-f.=432 psi Stress in deck is not expected to exceed phi x the modulus

of rupture therefor the 1% of deck area in reinforcing
steel is not required in the negative moment region
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Within negative moment region provide a minimum longitudinal steel area of #5 bars at 8" centers on the
bottom mat, and #5 bars at 12" centers longitudinal steel at the top of the deck.

0.31in" +12- ‘f“ 0.31 in” -12-1f_n 1,
t t n
A = + =0.775 — =18.56 in
rebar 12 in 8 in ft Ybarnm
TopClr:=2.5 in BtmClr:=1.5 in
( . 5 . \ 0465 [ ) . 5. \ 031 .
i=1d +15in+—in-1.5;. +.d +9in—25in———in«1.5;.————=40.72 in
Yrebar \ beam 16 } 0.775 \ beam 16 ) 0.775
(S \ .2
A =A «i—+O0H|=6.07 in
i T 2 } Voars ©= Arebarx 'Yrebar+Agnm * Ybarnm —20.79 in

Arebarx + Agnm

2
At = Argpar+ (S) = 8.14 in
rebart rebgr ) Voari = Arebari * Yrebar T Agnm * Ybarnm —21.45 in

Arebari + Agnm

z ¢ 4
Inmex =lpm+ Arebarx ° <Ybarx - Yrebar> + Agnm ° <Ybarx - Ybarnm> =16942.76 in

|
nme =668.7 in’
<dbeam + tdeck ] Ybarx>

nmex "

2 2 4
Lnmin 3= Lim + Arebari ° <Ybari = Yrebar> + Agnm T <Ybari T Ybarnm> =17736.54 in

L.
Somin = ooy =718.73 in’
<dbeam + tdeck ] Ybari>

-1 <100% + IMfat> . Mminrange

1:srx *=Yfau * * 8negfatm = 9.77 Kksi
Snmex
fo= -1 <100% + IMfat> ° Mminrange —9.09 Ksi
sri = Yfaul * Bnegfatm — 7- S1
Snmin
A b . f
Ny = M =17.34 Number of additional studs required between points of
r contraflexure over piers for exterior girders per 6.10.10.3
install in 2.61 ft. provide 7 sets of 3 at 6"
Arebari * f .
N,:= M =21.62 Number of additional studs required between points of
r contraflexure over piers for interior girders per 6.10.10.3

install in 3.5 ft of the contraflexure. provide 8 sets of 3 at 6"
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0
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a62
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to
Inches #Spaces

72 12
312 24
s62 25
664 17
952 12
1048 16
1200 19
1352 19
1445 16
1736 12
1838 17
2088 25
2328 24
2400 12

StudSpcing  # studs/loc

6
10
10

6
24

5}

24

10
10

3
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Bolted Field Splice:
6.4.4.4 Moment Capacity

6.4.4.4.1 Web Splice
The web design moment shall be the combination of the following:

¢  The total design moment multiplied by the net moment of inertia of the web divided by the net moment of
inertia of the entire section;

¢  The moment due to eccentricity of the shear force introduced by the splice connection
In addition to this, the designer must also:
s Investigate bolt load with the bolt in double shear.
e Investigate loads in splice plates based on gross and net section of the plates using appropriate capacities.
0.4.4.4.2 Flange Splice
Design flange splices for that portion of the design moment not resisted by the web.
¢ Investigate bolt load with the bolt in double shear.
¢ Investigate applied loads in splice plates, based on net section of the plate using appropriate capacities.

s  Consider filler plates for bolt shear checks.

6.4.4.5 Shear Capacity
6.4.4.5.1 Plate Girder
Base the design shear force on the combination of the following:
e  The average of the shear force capacity of the web plates on either side of the splice
e  Actual shear force at the splice

The result should be greater than or equal to 75% of the shear force capacity of the section.

Check Live Load Maximum and
Minimum at splice locations:
(unfactored undistributed)

Mspllpostruck = (100% + IM) * max <Mspmaxtan ’ Mspmaxnmtt? Mspmaxh520> =546.42 ft'kip

0.640 KkIf
1 KIf

M ax <MSP1 ) Mspmaxlz 5 MSp13 5 MSp123> = 11993 ftklp

spllposlane *=

Mspllnegtruck = (100% + IM) - min (Mspmintan ) Mspminnmtt’ Mspminh520> =-387.92 ftklp

0.640 kIf
1 klf

M mln <MSP1 5 Mspminlz 5 MSp13 5 MSp123> = _13302 ftklp

splineglane =
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Wstl + Wextdeck + Wextrail

Mgpdcext := i « Mgp123=—2.29 ft-kip
W
Mspdwext = %tll);t . MSp123 =-0.5 ftklp
W+ W, +W. . .
Mspdcint . stl Hitdl:]; intrail | Msp123 =-2.72 ft-kip
Wintpvt .
M pawint = THE * Mgp123=—0.75 ft-kip

Service Moment & Shear at Svc Il

at the splice locations: Yisvez = 1.3 Yaesvez =1 Yawsvez i= 1

Mspllpos *=8pm* <Mspllpostruck + Mspllposlane> =553.45 ft-kip

Mspllneg *=8mm* <Mspllnegtruck + Mspllneglane> =—433.53 ftklp
Y dwsvc2 \ { Y dwsve2 \\
Mspsvcllpos =Ylisve2 * Mspllpos + Ydcsvez * Max| | Mspdcext + T Mspdwext Iyl Mspdcint + ° Mspdwint Il
\\ Ydcsve2 } \ Ydcsve2
MSPSVCHpOS = 716.69 ft'klp
5 Ydwsvc2 \ ( Ydwsvc2 \\
Mspsvcllneg =Yisve2 * Mspllneg + Ydcsvez * MIN| | Mspdcext + 9 Mspdwext Iy 1 Mspdcint + ° Mspdwint Il
\\ Ydcsve2 } \ Ydcsve2

MSpSchlneg =-567.06 ftklp

Mschsp ‘=max <|Mspsvcllpos| ) |MspstIlneg|> =716.69 ft-kip

0.64 - kIf
Vspllsvcz =Yisve2* 8v* ((100% + IM) s max (Vsptan ’ Vspnmtt 9 Vsph520> + W «Mmax (Vspl s Vsp12 , Vsp13 N Vsp123>)
Vspllsvcz =98.55 klp
v (Wstl + Wlntdeck + Wlntrall> v | Wintpvt v
spdcint ‘= 1 KIf sp123 spdwint *— W * Vsp123
v <Wst1 + Wextdeck + Wextrall> v A Wextpvt v
spdcext ‘= 1 KIf sp123 spdwext *— W ® Vsp123

Vgi= Vspllsvcz +max <<chsvc2 * Vspdcint + Yawsvez * Vspdwint) ’ <chstZ : Vspdcext + Yawsvez * Vspdwext>> =130.66 kip
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Strength | moments & Shear
at the splice location:

Yun= 1.75 Yac= 1.25 Ydw = 1.5 Ydemin := 0.90 Y dvmin = 0.65
({ Ya i \ ( Y4 . \\
Mpstripos = Y1 * Mspiipos + Yemin * MaX | | Mgpgeext + winn Mpawext | > | Mspdcint + wminl , Mapawint | |
\\ Ydemin } \ Ydcmin }}
Mspstrlpos =966.15 ft-kip
(( Y4 W 7l W
Mspstrlneg =Y Mspllneg +Ygcominj| Mspdcext e Mspdwext| s I Mgpdci = spdwint | |
\\ Ydc } \ Ydc
Mspstrlneg =-763.2 ft-kip
0.64 - KIf
Vspllstrl =Y 8ve ((100% + IM) s max <Vsptan ) Vspnmtt ) Vsph520> +W «max <Vsp1 ) Vsp12 y Vsp13 R Vsp123>}

Vspllstrl =132.66 kip

Vspstrl = Vspllstrl + max <<ch ° Vspdcint +Yaw* Vspdwint> 9 (ch T Vspdcext +Yaw* Vspdwext>> =174.52 kip

V,.=315.91 kip 75%+V,=236.93 kip Ultimate shear Capacity & half
thereof
V.+V.
Vyw = M =245.22 kip 6.13.6.1.4b-2 because Ultimate shear at
2 the splice location is greater than 75% of

the girder ultimate shear strength

d:=— in diameter of A325 bolts
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Check Flange "Stresses" at strength | condition at
the midthickness of the flanges, at the smaller
section being spliced

YintfLL = Abeam — Yinst — % =0.68 in VinbfLL *= Yinst — % =35.39 in
Yextfi *= Apeam — Yexst — % =2.03 in YexbfLL = Yexst — % =34.04 in
YintfoL = dbeam — Yinte — % =6.42 in YinbfoL *= Yinle — % =29.64 in
YextpL = Abeam — Yexit — % =81in YexbfDL = Yexit — % =27.96 in
Yitneg = Abeam — Ybar — % =18.03 in Ybfneg = Ybar — % =18.03 in

—1l-yye Mspllpos * YintfLL + =1+ Yemin ® Mspdcint * YintfDL + =1 Ygwmin* Mspdwmt YmthL

ftfposin = I I I —0.17 ksi
intST intLT intLT
fbfposin — Y Mspllpos * YinbfLL n Ydemin * Mspdcint * YinbfDL n Ydwmin * Mspdwint * YinbfOL —9.21 ksi
IintST IintLT IintLT
ftfposex — -1 Y MSpllpos * YextfLL n -1. Ydcmin * Mspdcext * YextfDL n -1. Ydwmin * Mspdwext YexthL —0.58 ksi
Iex'tST IextLT IextLT
fbfposex — Yu- Mspllpos * YinbfLL + Ydemin * Mspdcint * YinbfDL + Ydwmin * Mspdwint * YinbfDL —10.27 ksi
IextST IextLT IextLT
—1-(y-M FVac* Mo deine + Yaw * Meodwint) *
ftfnegin — < 11 spllneg dc s;)dcmt dw spdwmt) Yifneg —13.08 ksi
X
Yy M +Yae* Mo deine + Yeaw * M Y .
fbfnegm < 11* Mspllineg dc spdcint dw spdw1nt> Ybneg — _13.08 ksi
I
—1.(y+M +Yq.+ M + Y4+ M .
ftfnegex — < 11 spllneg dc spI)dcext dw spdwext> Ytfneg —13.07 ksi
X
(yy-M +Yq.+ M +Y4° M ' .
fbfnegex \ /11 * Msplineg dc spdc;xt dw spdwext) * Ybfneg — _13.07 ksi

X

By inspection the bottom flange is the controlling flange for
positive moment and the top flange for negative moments

75% of yield strength of flanges will govern each flange by
inspection
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becomp = FZrC = 394 kSl fcfcomp = |fbfnegin| = 1308 kSl
betens = Pee l:y: 50 ksi cftens |ftfneg1n| =13.08 ksi
fcf:z fcftens =13.08 kSl an = |fcfcomp| =13.08 kSl
F
=10 api= 2O — 0,79
Fy
[ ([ fer ) \ \
|||R_|+atf°(pf'Fy| |
F¢:= max| n) > ,0.75 « otpe @+ Fy}| =37.5 ksi (Tension)
F
Ryi=—2 =287
fcf

I:ncf .
Fncf:z RCf. = 375 kSl

R,
F,:=70 ksi for AASHTO M270 Grade 50W per AASHTO LRFD Table 6.4.1-1
Pholes =1 in Rows:=4 Number of rows of bolts in flange splices

.2 . 2

Agri=teby=17 in Apcei=te (byr— Rows « @y1e5) =12.75 in @,:=0.8

-F
Agrer = |( b u\| «Apcr=14.28 in’ Agceri=Ager =17 in’

Qs y

Piens i=Agter* Fee=535.5 kip Top & Bottom flanges will be designed for the same loads, flange

splices will be identical to each other for fabrication efficiency, flange
thicknesses do not require fill plates on either side of the splice

Pcomp = Agcf’ Fs=637.5 kip

1
tspo > in by,,:=16 in
1. .
typi :3 in bg,i:=7.00 in
.2 . 2
Agsp i=tspo* bspo =8 in Ajgp =tepi*bgpi+2=7 in
P P Ao _ 2856 1 P P Aip 249.9 ki
tensosp ‘= Ftens *———————— = 1p tensisp *= Ftens P = 1p
Aosp + A Aosp + A
Ao Ai
l:)composp: l:)comp =T T A 1T 340 klp l:)compisp: Pcomp —— 297 5 klp
Aosp isp AOSP A 1sp
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Splice plates in Tension:

¢,:=0.95

@y Fy+ Ayep =380 kip

@y Fye (Aosp —Lspo * Pholes* ROWS> =336 kip

-F, Ay, = 332.5 kip

isp

ONED Ve (Aisp = tspi * Qholes * ROWS) =280 kip

Splice plates in Compression:

@.:=0.90
@+ Fy Ay, =360 kip

@+ FyeAjg, =315 kip

isp

Check # of Bolts required for Shear

resistance:
@,:=0.80
A,:=0.60 in’ Ng:=1
Fup:=120 ksi

R,:=0.48-A, - F,, - N, = 34.56 kip

R,:= @, R,=27.65 kip

max (P , Py
bfi= < composp ensosp) =123

R,

Nbf:: 16

Ritor =Ry« Np=442.37 kip

Yielding on the gross section for the outside splice plate > P tension
for outside splice plate

Fracture on the net section for the outside splice plate > P tension for
outside Splice plate

Yielding on the gross section for the inside splice plate > P tension for
inside splice plates

Fracture on the net section for the outside splice plate > P tension for
inside Splice plates

per 6.5.4.2 for steel in compression
Compression Resistance on Gross Area of Outside Splice plate
> P Compression on outside splice plates therefor okay

Compression Resistance on Gross Area of inside Splice plate
> P Compression on inside splice plates therefor okay

6.5.4.2 for ASTM A325 bolts

Figured in single shear as outside splice plate has a higher load in it
than the inside splice plate and therefore will govern the number of
bolts needed for both slip & strength

nominal shear of a single7/8" bolt in single shear

Resistance of a single 7/8" bolt in single shear

Use four rows of four bolts for a total of 16 bolts in each flange splice
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Check Block Shear: \ . e
Y ws]
L I
l.' IR
T
i R = TN
-~ =y H
"'.! I
1 s s s sis e
B ) L
=

Block Sheagr outside splice plate

Ayyi=2- (3in.3415 in—q)holesn( +i-2\.\. “typo=7.5 in”
\ \ /)
A1 =2+ (15 in— Qpojes 1.5 +4 in) +typo =4 in”
Aygr=2+(3 in+3+15 in)+t;,,=10.5 in’
Rp :=1.0 For holes drilled full size or sub-punched and reamed Qps = 0.80

Rrsp1 = Pos* Ry * (0.58+ Fy+ Ay + Upg+ Fy+ Ayy) = 467.6 kip
Rrsp2 = @ps * Ry + (0.58 < F, e Agy + Upg + Fy » Apyy) = 467.6 kip

Rigp = min <Rrsp1 , rsp2> 467.6 kip For Outside Splice Plates block shear

Block Shear inside splice plate

For Inside Splice Plates block shear the

Net Area in Shear, Gross area in shear,

and net area in tension are all the same

as for the outside splice plates, the

resulting Resisting force is therefore R
also the same.

vsp = 467.6 kip
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Block Shegr flgnges
App=2+13 in-3415 in—@poeee 242020} e ty=15.94 in’
\ \ 2 )
Amzi=2+ (15 in— @pojeq+ 1.5 +4 in) - t;=8.5 in”
Ayp=2+(3 in+3+15 in)-t;=22.31 in”
Ry1 = @ps * Ry + (0.58+ Fy « Ay + Upg+ Fy « Ayy) = 993.65 kip

Rifz:= @ Ry » (0.58+ Fy = Aygy + Upg + By » Ayy) = 993.65 kip

R ¢:=max <er1 y er2> =993.65 kip For Flange Plates block shear capacity
greater than Ptens & Pcomp therefor
okay
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Check Slip at Service Il loading (outer splice plate to flange surface governs)

=1 Yigyez Mspllpos * YintfLL + —1+Yesvez* Mspdcint * YintfDL + =1 Yawsvez* Mspdwint * YintfDL

ftfposinsvcz = =—0.12 ksi
IintST IintLT IintLT
£ o Yiisvez * Mspllpos *YinbflL . Ydcsve2 ® Mspdcint *YinbdL . Ydwsve2 * Mspdwint * YinbfDL —6.82 Ksi
bfposinsve2 ‘= + + =6. si
IintST IintLT IintLT
£ - -1 Yiisvez * Mspllpos * VextfLL -1 Ydcsve2 * Mspdcext * YextfbL -1 Ydwsve2 * Mspdwext * YextfDL — _0.43 Ksi
tfposexsvc2 *— + + =r—4 Sl
Iex‘[ST IextLT IextLT
£ . Yiisve2 * Mspllpos *VinbfLL . Ydcesve2 ® Mspdcint *YinbOL = Ydwsve2 * Mspdwint * YinbfoL —761 ksi
bfposexsvc2 ‘= + + =7. si
IextST IextLT IextLT
f I -1. <Yllsvc2 ° Mspllneg * Ydesvez * Mspdcint + Ydwsvez * Mspdwint> * Yifneg —9.72 ksi
tfneginsvc2 *— =5J. S1
Iy
£ __ <Yllsvc2 Mspllneg * Ydesvez * Mspdcmt + Ydwsvez * Mspdwmt) Ybfneg _972 k
bfneginsvc2 *— si
Iy
f _ -1. <Yllsvc2 ° Mspllneg + Ydesvez * Mspdcext * Ydwsvez * Mspdwext) * Yifneg —9.71 Kksi
tfnegexsvc2 *— =5J. S1
Iy
f . <YHSVC2 1 Mspllneg * Ydesvez * Mspdcext + Ydwsvez * Mspdwext) Ybfneg —971k
bfnegexsvc2 *— si
Iy
Negative moment stresses govern
flange & splice capacity
Pyyer = |fbfneglnsvcz *byse tbf| =165.27 kip Service Load total force compression in bottom flange.
Tension in top flange will be the same by inspection.
PSVCZspo =Py %%  —-88.15 kip Design Slip force between outside splice plate & Flange
Aosp + Aisp top or bottom.

K,:=1.0 Bolts are standard sized

K,:=0.50 Class B Slip Condition

NS =1 1 Plane between outside splice plate & flange

=39 kip  For A325 Bolts
Rpsiip := Kpy « Kg» Ng« P, =19.5 kip per bolt

Risiip_flanges := Rnslip * Npr =312 Kip > Svc 2 slip demand between outter splice plate and flange, resistance at
inner splice plate is the same, but demand is less, inner splice plate is okay
for svc 2 slip by inspection
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Check Bearing capacity at bolt

holes

Pholes

=1in

L.:=15in—

Ruprg1 #= 1.2+ L+t « Fy = 42 kip

Rpprgz 1= 2.4+ d « typ, « F, = 73.5 kip

Rrbrg =Qpb* min (Rnbrgl ’ RnbrgZ)

Pcomposp

Porgmax i= =21.25 kip

bf

Ppp = 0.80

per end bolts in outter splice plate which
governs over the inner splice plates and the

flange

per interior bolts in outter splice plate which
governs over the inner splice plates and the

flange

=33.6 kip

Maximum Bearing on splice plate end bolts
less than factored resistance per end bolt
therefor okay
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n:=11 #tof bolts in a vertical row - |‘- - _.-'
m:=2 # of vertical rows of bolts : =
s:=3in Vertical Pitch i  — D
g:=3 in Horizontal Pitch ! f oo oo
tspw'—OSin : : : :
Dspw—(n 1) S+2 (175 1n) * 8 o @
Dspw: 33.5in e o0 @
LN LN
LN ] LN ]
L ! . @ L N ]
I

Includes 1/4" gap between web
e (m—-1) g+ 3.75 .in=3.375 in between girders at splice
2

.4
. n; . (sz . (nz ES 1> +g2 . (mz — 1>) =2029.5 m—z €6.13.6.1.4b-3
in

MUV = VUW €= 68.97 ft'klp

From Previous Calculations for
Negative Flexure:

FCfneg =F = 37.5 ksi D=35in R,=1
1:ncfneg :=—F,y=—37.5 Kksi t,=0.44 in
ty-D’
Muwneg = W12 . (Rh . Fcfneg_ Fncfneg> =279.1341 ftklp
D |
Huwneg = * Fcfneg =+ Fncfneg) =0 kip

Horizontal load in web = zero as top & bottom flange stresses are the same at negative
moment condition (ie sum of flange stresses = 0)

From Previous Calculations for Positive Flexure:
:=0.75- F, =37.5 ksi

cfpos
F
Rcfpos = cipos =3.65
bfposex
Rcfpos ftfposex —2.12 ksi
t 2
MUWPOS W12 ° <Rh ° Fcfpos = Rcfpos s ftfposex) =147.47 ft-kip
t,*D .
HUWPOS = W2 ° <Rh ° Fcfpos + Rcfpos . ftfposex) =270.86 klp
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Nyw:=men=22
xi=e+g=6.38 in y::(n—l)-%:15 in

Mtotl $= Muwneg + MUV = 348.1 ft'klp

\% H
Py i=—Y =1115kip P, := ;W“eg =0 kip

bw bw

M, X
Prvi ::“’I;l=13.12 kip
p

Y PO
Pioh1 = m%y =30.87 kip

p

2 2
Pmaxl = \/<va1 + P51> + (thl + Phl) =39.27 klp

Mtotz = Muwpos + MUV = 216.43 ft'klp

H
Py, :=Py; =11.15 kip Py i=——2% =12.31 kip
wa
M,y X \Y/
P, ., :=“’I;2=8.16 kip P :=“’I;2y= 19.2 kip
p p

2 2
PmaxZ = \/<va2 + P52> + (thz + Ph2> =36.95 klp
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Check Bearing capacity at bolt
holes from bolt to web material

=175 in— (phz"les =1.25 in ©pp=0.80
Riprgz i= 1.2+ Ly, » g0« Fy =52.5 Kkip per extreme bolt location in web to end of
web plate
Riprgsi=2.4-d-t, - F,=64.31 kip per interior bolt locations in web

Riprg := @Qpp » min (RnbrgB , Rnbrg4> =42 kip Maximum Bearing on web thickness at
extreme bolt locations

Maximum bearing at web locations is less than the factored bearing
resistance on the web thickness therefore bolts are okay in bearing because

all remaining bolts will have less load on them than the extreme bolt
locations.
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Check slip resistance at extreme bolt location (Service Il) flange stresses at mid thickness of flanges from
previous computations exterior girder controls for positive moment & interior for negative moment:

ftfposinsch =—0.12 ksi 1:tfposexsvcz =—0.43 ksi 1:tfnegexsvcz =9.71 ksi ftfnegmsvcz =9.72 ksi
fbfposmsch =6.82 ksi fbfposexsch =7.61 ksi fbfnegexsvcz =—9.71 ksi 1:bfneglnsvcz =—9.72 ksi
2
[ D . twe D !
Mg, := - ftfposexsch) | =29.93 ftkip Hg = 2 T <fbfposexsvc2 + ftfposexsvc2> =55.02 kip
[ D i . twe D .
MSZ = — I:tfneginsvc2> | =72.37 ft'klp HsZ = 2 1 <fbfneginsv02 + ftfneginsvc2> =0 klp

Vs=130.66 kip

M, :=Vs-e=36.75 ft-kip

Myye1 := Mgy + Mg, = 66.68 ft-kip Mgy := Mg, + Mg, = 109.11 ft-kip
M X \Y
Py i=—2 ~ =251 kip Py:=—> =5.94 kip
1, Npw
M., .- H
Pont :Sv%yzsm kip Poy=——L=25 kip
p bw

2 2
Pisvea = \/<Psv1 +Pg) + (P +Pyy) =11.93 kip

M., X V.
Pypi=—22 ~ =411 kip Py:=—> =5.94 kip
Ip wa
M. .. H
P, =—2Y _ 968 kip Pyi=—2 =0 kip
1, Npw

2 2
Posve2 = \/<Psv2 + Ps> + <Psh2 + th) =13.95 kip

K,=1 Bolts are standard sized
K,=0.5 Class B Slip Condition
Ngp:=2 2 Plane between web & web plates

=39 kip  For A325 Bolts

Rigtipweb 3= Kn * K+ Ngp « P = 39 kip per bolt >> Maximum Svc Il slip load therefor
web splice is okay for slip resistance at Svc Il
load case
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Check Flexural Yielding of Gross
Section of web splice plates at

strength limit state:

M,y = 348.1 ft-kip

Spi:= 2o
pli=
Ap]g =2 tSpW
£ i Mtotl Huwneg
flex1 "=~
Spl plg
£ i MtotZ Huwpos
flex2 "=~
Spl plg

@¢+ F, =50 ksi

spw

Mo, = 216.43 ft-kip

—187.04 in’

Dgpw=33.5 in’

=22.33 ksi

=21.97 ksi

>> flexural stress at strength | for both
maximum positive & negative moments
expected at splice plates therefor okay

Check Shear yielding of the gross
section of the splice plates:

Vyw = 245.22 Kip

0.58- @, -F, =29 ksi

W —7.32 ksi
plg

>> Shear stress at web splice plates
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Fatigue stresses at the bolted field splice: Stress at Net section

Yeau = 1.5

AFB = AthB =16 kSl

Calculation of section modulus through Net section of Splice
plates only without regard for concrete deck Actual stresses
are expected to be less than those calculated here - Fatigue
Cat B for Slip Critical Bolted Joints

3

3

t «(by,, — «Rows to,i *(bg,i— «Rows
Lygp = —22 (bopo 1;"‘“"“ ) —0.13 in’ Lgpi=2 -2 (bop 1‘2“"1‘“ ) 0,06 in*
tipw* (Dop)”
Lyepgi=2 P V5P 313295 in*
wspg
12
—2+n-t ® }
Lgeduct = S;;v hole; —Z-tspw°<pholes-2 . (32 in2 ~l—62 in2 +92 ir12 +122 in2 ~l—152 in
Luspn = Luspg + laeduet = 2142.03 in”
( ( 2\
dy Too | 4
I . \ ospt <bspo —Rows (-pholes> “tpo* |\ ;am + SZPO}I }| =4247.17 in
( (dbeam 1\2\ .4
Ilspnet =2 \Iisp + <2 ° bspi —Rows. (pholes) ° tspi * |\ —te—tpr— }I }l =2620.48 in
. 4
Ispnet = stpn + Iospnet + Iispnet = 9009.68 n
S. et 47809 in
e .
il I( dbeam + tspo \I
100% + IMg,,) M _ T o
Fortmae = Yot * < at) spfatmax sostatm = 9-61 Ksi \ 2 )
Sspnet
100% + IM¢,,) * Mg fatmi _
1:fatmin =Yfau * < at) splammn negfatm — —6.87 ksi
Sspnet

Stresses are less than the fatigue stress threshold for detail
category B and therefor infinite life is expected
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Calculation of section modulus through Net section of
Girder only without regard for concrete deck Actual stresses
are expected to be less than those calculated here - Fatigue
Cat B for Slip Critical Bolted Joints

3
byt — ROWS « @popes) * ti
nfi= < k P ° es> =1.2in Calculated for Top flange (btm flange the same)

Ioxw=1563.15 in*

3
—Net, o
IwededuCt::$_tW'q)holes'2'<32 in®+6° in’ +9° in® +12° in’ +15° in’) =—433.53 in*

. 4
Livebnet *= Loxw + Lwebdeduct = 1129.63 in

. 2
Anetﬂange = <btf_ (Ph01e5> = 15.94 in

1 2\
d, tir ) . 4
Inetgirder = Iwebnet+ 2. Inf+ 2. netflange * k%_7}| )l =11495.41 in
I tgirder 3
Snetgirder i= T = 619.28 in
I{dbeam\I
\ 2 )
100% + M) Mgy _
fgfatmax =Yfat * < at> spammax , 8posfatm = 7.43 ksi
Snetgirder
100% + IMg,,) * Mg patmi _
fgfatmin *=Yfau * ( at> splammn 8negfatm = —5-31 ksi
Snetgirder

Stresses are less than the fatigue stress threshold for detail
category B and therefor infinite life is expected
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