AASHTO T-3 TRIAL DESIGN BRIDGE DESCRIPTION

State: Missouri

Trial Design Designation: MO-1

Bridge Name: Bridge Over Rte. 60

Superstructure Type: Continuous steel plate girder with composite concrete deck

Span Length(s): Four spans (ft.) 29.5-125.3-125.3-29.5 and reinforced concrete end
Slab approaches

Substructure Type: Three reinforced concrete columns @ Bent 2

Foundation: Cast-in-place reinforced concrete piles

Abutments: Seat type supported on a pile cap

Seismic Design Category (SDC): “B” however “D” assumed for trial design

Seismic Design Strategy (Type 1, 2 or 3): Type 1

Design Spectral Acceleration at 1-second Period (Sp1):0.25

Additional Description (Optional): Trial design has been completed and submitted
and is currently being reviewed.
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Push-over Analysis of 3-column bent in Transverse Direction
Assumption: pinned at bottom of column - fixed at bottom of beam
Equivalent cantilever analysis used ends of cantilever described above
Category D seismic zone
Liquefaction is not a concern
Self-weight of bent is ignored

Bridge was designed per LFD specifications. Pushover analysis is used to review bridge
per Recommended LRFD Guidelines for the Seismic Design of Highway Bridges (LRFD
Seismic)
kip
kef:= —  k:= 1000Ibf
ﬁ3
Definition of Variables (in order of appearance). Note: throughout this spreadsheet the subscripts L and R
appear representing the left and right column in the bent. The center column does not use an identifier.

B = beam width

Bm_Ht = design beam height

D = column diameter

Col_Ht = clear column height (top of footing to bottom of beam)
clear_cover = concrete cover to spiral reinforcement

Col_Bar = bar size for longitudinal column reinforcement
Spiral_Bar = bar size of spiral reinforcement

Bar_Num = number of longitudinal column bars

s, = spiral reinforcing pitch

f.= 28 day compressive strength

f..= expected concrete compressive strength

€.~ Unconfined concrete compressive strain at the maximum compressive stress
g,= unconfined concrete yield strain

Egp™ ultimate unconfined compressive (spalling) strain

¥;= unit weight of plain concrete

E.= plain concrete modulus of elasticity

fy= minimum yield strength of reinforcing steel

fye= expected yield strength of reinforcing steel

f o= expected tensile strength of reinforcing steel

egy= reinforcement strain at the onset of hardening

£g,~ Ultimate strain of longitudinal column reinforcement

L.,= equivalent column length for cantilever analysis

d,= bar diameter of longitudinal column reinforcement

L= plastic hinge length

DL_Super, = total dead load reaction applied to bent from superstructure
N, = number of columns at bent

Pinitiar= iNitial dead load reaction per column (evenly distributed)
Mp= effective yield moment of column

¢,= effective yield curvature of column

= ultimate curvature of column

Ko = effective stiffness of individual column normal to the bent.



S~ column spacing parallel to bent
Padj= tensile or compressive adjustment to column axial load from overturning

o = frequency of oscillations
Tyent= Period of bent in transverse direction

S, C¢= Spectral Acceleration in magnitude and as a coefficient of g, respectively
Ap= displacement demand for bent in transverse direction

V= Shear force when column cross section becomes plastic

A= displacement between top and bottom of column at first yield

up= ductility demand

0,= plastic rotational capacity of hinge

Ap= plastic displacement of column

A= ultimate displacement capacity of column

Ac= ultimate displacement capacity of bent

Class = Site class of soil per LRFD Seismic 3.4.2.1
Ag = gross area of concrete column

A, = effective area of column assuming spalling of cover occurs

dsp , Asp = diameter and area of spiral reinforcement bar, respectively
ps = volumetric ratio of spiral reinforcement for a circular column

V. = plain concrete shear stress capacity inside plastic hinge zone
V. = concrete column shear capacity

D'= core diameter of column
V, = shear reinforcement capacity

V,, = total shear capacity of reinforced concrete column

Vp = shear demand associated with factored plastic moment

I, = cracked moment of inertia used in CAPP analysis

Cant = beam cap cantilever measured from centerline of exterior column

Xqir Yni = X @nd y coordinates of it" joint in CAPP model

Wy, = dead load of superstructure distributed over beam cap length

P44, = Moment due to maximum DL column reaction and demand displacement

¢

B := 4ft (Beam Depth) Bm_Ht
Bm_Ht:= 4.5ft f ‘ ;

(@]
)
3
—

Cant := 6.5ft

D
Col_Ht Sl hi—
SCO] =101

D = 3.5t
Col_Ht:= 22.3125ft S
col

A

Reinforcement: clear cover:= 1.5in  (column and beam)

Col Bar:= 8 <====Please enter numerical bar size===> Spiral Bar:= 5



Bar Num:= 18 <== for information only sy = 3.5in (Spiral spacing)

I. Calculate input required for Mc1 Xtract run (Material properties and axial load)
Calculate Unconfined Concrete Properties required for XTRACT input. (LRFD Seismic 8.4.4)

f, = ksi flo = L3, R, = Sksi
foe = max(flcc,f‘Zce) foe = Sksi
Beo= 0002  £y:= 075 £, =0.0014
Esp = 0.005
Yo = 0.145kef Ee = 33000y, - [Toksikef ' B =4074x 10°ksi

Note: Set failure strain at 1.0 so that concrete spalling does not control the
termination of analysis. Set Tension and Post Crushing strengths to 0.

Confined Concrete properties are calculated by Xtract using Mander's model. feeand E; are
the same as for unconfined concrete.

Longitudinal Column Reinforcing Steel Properties required for XTRACT input. (LRFD Seismic 8.4.2)

Fy:= 60ksi fyc = l.Ify fye = 66 ksi
fue = l.4fyc fue = 92.4 ksi

ggp = |0.0150 if Col Bar=8

0.0125 if Col Bar=9

0.0115 if Col Bar=10 v Col Bar=11
0.0075 if Col Bar= 14

0.0050 if Col Bar=18

£gp = 0.015
£y = 0.06
Plastic Hinge Parameters (LRFD Seismic 4.11.6)
Lol = Col_Ht Equivalent cantilever height Lol =267.75in
dy = |lin if Col Bar=8
1.128in if Col Bar=9 fyc = 66 ksi

1.27in if Col Bar =10
1.41in otherwise

db=1iﬂ



d
b
Lp = 0.08-Legy + 015 Lp = 0.3-f—

LP=31.32m

Lp = max(Lp],Lpz)
Initial column reaction from dead load (same as final for center column in 3-column bent)
DL_Super .1 = 1440-k DL_Suby,. = Ok DLy a1 := DL_Super .| + DL_Sub ..

DL
N =3 total
ot Pinitial = = Pinitial = 480k
col
Il. Run Xtract Mc1 to retrieve effective yield moment and yield curvature
1
M, = 1830kft ¢, = 0.001368-3
= 0.02435 -1—
oy =0 ‘f <===value will be used in step 7
lll. Use M, to find adjusted axial forces for overturning.
Pinitial + Pagj
P[nltial Pinit}al PinitEaI Plnilia
Pinitial - Pagj l
M, e
i T i ]
L} ] 1 1
| ! { {
SCOI = l? ﬁ. : .‘} ‘J '.I
/ / ! !
1 | | i
J" .n" J' J’f
P i = Nccal'Mp
adj * (Ncol - 1)-Sco| Figure 1 - Graphical derivation of overtuming loads
Pad] = 161 [(
P, = Pinitial ~ Padj P; =319k (usein Mc2)
PR =641k (use in Mc3)

PR = Pinitial * Padj
Check max axial load allowed for ductile design (LRFD Seismic 8.7.2)

2
D i 2
Ag = R-T Ag— 1385in
3 " " H
Pmax = o'z'fcc'Ag Pmax =1385x 107k Poheck = |"OK. if 5y AL
"N.G." otherwise

[Pcheck ="OK." J




IV. Run Xtract Mc2 and Mc3 files for left and right columns respectively

1 1
MPL = 1649k ft ¢yL e 0.001338-3 MpR = 1989k ft ¢YR = 0.001388-;

1 . : 1
= 0.02383.— <=== value will be used in step 7 ==> = 0.02340-—
Pyl ﬁ Pur 5

V. Calculate displacement demand, Ap, of Bent.
Assume the substructure dead load is ignored in analysis.

3
DLyga1 = 144 x 10k

Left Column Center Column Right Column
M M M "
_ _pL _p VR LRFD Seismic
Elegp, = 0 Elegr := ¢_ Elofr = ¢— 56.2
yL y yR

Elog = 1232 10k Elygp = 1338 x 10°k f° Elyg = 1433 x 10°k£

EI EI EL
L ff ffR
KeffL = 3— Kefg = 3— KefiR = 37—
L. I L2
col col col
. k
Kiotal = Keffr, + Keff + Kefr Kiotal = 1081 7

o =4917 —l-

1Y
Tbcnl = 2:; Tbcnt =1.278s

S, values range from 1 to 1.5 ksf (15.7' - 75.9') & Ng, values range from 9 to 41.2. These values most
closely fit site class D. (LRFD Seismic 3.4.2.1)

ft
Sq= 1626 ",  <===see "Seismic Design Response Spectrum" spreadsheet

s

Sa
G
s C.=0.194
122 s
2
S
CS

AD = DLID(&’ AD =3.lin

otal



VI. Check ductility demand, up,, of Bent. Total displacement demand vs. yield displacements.

Calculate deflection at yield for each column. Assume hinge is located at top or bottom of column.

Left Column Center Column Right Column
_ My _Mp _ Mpr
VPL -— Vp e e va —
L(:ol Lt:ol Lcal
Vpr =739k V, =82k Vpr = 89.1k
VoL Vp VpR
Ayp, = Ayi= —— Ajg=——
KeffL Keff KeffR
AyL =2.7in Ay =2.7in AyR =2.8in
A
D A
MpL =" _ o —
AyL pD T A p'DR - A
y yR

Hmax = 8  <=== upper limit for multi-column bents (LRFD seismic 4.9)

HDcheck = |"O-K." if upp < KBmax A BD < Bmax A HDR < Fmax

"N.G." otherwise

MDcheck = "O-K."

VIl. Check displacement capacity, A, of Bent. (LRFD Seismic 4.8, 4.7.1)

Left Column Center Column Right Column
OpL. = (‘buL N "’yL)'Lp B (‘bu - ¢y)"‘p OpRr = ("’uR N ¢yR)'Lp
0,1, = 0.059 0, = 0.06 0,R = 0.057

Lp Lp Lp
ApL = Op| Lol = 5 Ap = 05| Lol — o Apr = OpR'| Lol — o
APL = 14.799in Ap =15.121in ApR = 14483 in
AUL = APL + AYL Au = Ap + Ay AUR = APR + AyR

Ay, = 17463 in A, =17.845in AyR = 17.247in



Ac = min{Ayr AL AR) Ac=172in

Accheck = |"OK." if Ap <Ac

"N.G." otherwise

ACcheck = "O-K."

Ductility Capacity check (LRFD Seismic 4.7.1a)

Left Column Center Column Right Column
e ‘é‘_uL_ — Ay Ayr
- B =, 0 - ks
Ayl Ay AyR
M, = 6.554 Mo = 6.551 HeR = 6.24

Femax = ma"(“cL’ Keo N(:R)

Hemin = min(ch, Heo “cR)

Hmin = 4 Kmax = 8
Kecheck = |"O-K" if Bomax < Hmax A Bemin > Fmin
"N.G." otherwise
BCcheck = "OK." <=== If O.K,, then considered a full ductility structure.

VIil. Check shear demand, V, to capacity, V,, ratio. (LRFD Seismic 4.11.2, 8.6.2 & 3)

Calculate shear capacity of each column, V,;

||_n 7 - = - A —qapeil A s (1 - -
Class:= "D D=35ft Ag—- 1385in A= O.BAg
Spiral Bar=35 sy =3.5in
dsp = |0.5in if Spiral Bar =4 d 2
a - . - o ﬂ N . 2
0.625in if Spiral Bar=5 Asp — n.( > ) ASP =0.307in
D':= D — 2-clear _cover D'=39in
Ag =
Py pe=899x 107"

D-SV



oy, = 15ps-fy if Class ="B"
10'ps'£y if Class ="C"

30-pgfy

if Class = "D"
HDL

aR = 15p$-fy if Class ="B"
1(]!-ps-!:'y if Class ="C"

30- ps.

if Class ="D"

HDR

Left Column

ap = 13.876ksi

P
1 L 05
v =—ay |1+ « [f..-1000-ksi
cL1*= Jo00 L[ 2-ksiAg}‘J ce '

Ver = 0.0035. [f_.-1000-ksi

VoL = 0 if P; <0

VcLl if PL 20 VCLI =< VCL2

VL2 otherwise

VL = VoL Ae VoL = 2743k

Center Column

o = 14.188 ksi

1
Vol = m‘a{l +

15ps-fy if Class="B"

IO-pS-fy if Class ="C"

30-ps-g,

if Class ="D"

initial ~ 0.5
AgJ ’fce- 1000-ksi

D

\l’cLl = 1.094 ksi

VCLZ = 0.247 ksi

Vor, = 0.247ksi

Ve = L177ksi

Vg = 0.0035- ffce-ll}ﬂﬂ-ksi Vg = 0.247ksi

Vc =

Ve2 otherwise

Ve = 0.247ksi

IZOAvclﬁvcz

V, =2743k



V= {s /f P' Ac,rcASpfysz

Left Column
an = VcL + Vs

V1 = 596.5k

= 0.85

Center Column

Vn = Vc + Vs

V, = 596.5k

Calculate shear demand, Vp, for each column:

My

VDL = L2
col

M
T
Vp =12

col

1
Vopi=——op |1+ ——m—
R1™ 1000 R[ 2-ks

Right Column

ag = 14,395 ksi

P

R —~0.5
1Ag] ffcc-IO{)O-km

Vch =1.254 kSl

VeR2 = 0.0035- ‘fce-lﬂﬂ{}»ksi

Vepo = 0.247ksi

Ve = |0 if Pp <0

VCRI if PR =20 A Vch =< VCRZ

VeR2 otherwise

VeR = 0.247 ksi
VCR = VC.AE VGR =2743k

Vg = 322.194 kip

Right Column

VDR = VCR. b = VS

Vg = 596.5k
R
VDR = 1.2

col



Check Vp/¢V, < 1 to ensure that flexure governs the frame displacement capacity. If shear governs
then the bent design is no good.

VoL _Vp R
VL ratio = oV Vratio = -V, VRratio = oV
VLratio = 01?5 Vratio = 0194 eratio - 0211

Veheck = |"OK" if VL atio <1 A Viatio <1 A VRyatio <1

"N.G." otherwise \% heck = "OK"
chec i

IX. Xtract Input for P-M interaction. (LRFD 5.10.11.4.1b)

Create P-M interaction load name "Lc1". Set to Half-diagram and accept limiting strains.
Then click on the Code Reduction button and enter the following:

For axial loads under 0 Agfce
Moment Reduction Factor 0.9
Axial Reduction Factor 0.9
For axial loads over 0.2 Afee
Moment Reduction Factor 0.5
Axial Reduction Factor 0.5
Set Max Axial Capacity to _0.56 Agf‘ca

P-M curve output is used in CAPP analysis for all columns.
Code Reduced curve may be used for elastic design.

X. Additional Input for CAPP analysis.
Column cracked moment of inertias

_ Elggy _
L R I, = 43559 in
c

Ier = T = 47280in]

. 4
IC‘I’R = 50647 (i1}




Beam cracked moment of inertia, |,

Definitions for this section:

Beam_Stirrup = Stirrup size used in beam

Beam_Bar = Size of longitudinal bars used for flexural reinforcement

Num_Bar = number of bars used in either the top or bottom of the beam (assumed symmetric)
dg, = diameter of stirrup

dym = diameter of flexural reinforcement
dog = effective depth of flexural reinforcement

n = modular ratio of expected concrete strength
A, = area of steel in either the top or bottom of the beam

X4, X5 = two possible solutions to the quadratic equation for x.

x = distance from the neutral axis to the extreme compression face
|, = moment of inertia of cracked beam section

Beam_Stirrup := 6

Beam Bar:= 10 Num bar:= 10

_ Beam_Stirrup-in

dgy = . dg =0.75in
dpm = [lin if Beam Bar =8 dpy, =127 in
1.128in if Beam Bar =9
1.27in if Beam Bar = 10
1.41in otherwise
. dbm .
degp = Bm_Ht — clear_cover —dg, — T dogr = 51.115in
29000-ksi
ni= ——— n=7.118
Eg
2
d
PR A, = 12.67in>

4
A d

Xq = —n-[—s}{l + |1+ 2B ol
B n-AS
A d

S —S]. o [ pdiBi—
B n-As

x; if ;>0  x=121lin

X:=

X9 otherwise

3
I := B{%J + A (degr - x)2 L, = 165593 n|




Node Point locations for symmetric 3-column bent

Xn1 = ~Scol Y1 =0
Lp
M= Nl WS,
LP
Xn3 = —S¢o Yn3 = Col Ht -~ 5
Xpd = ~Sgot Yng = Col_Ht
Bm_Ht

an = _“SCOI yns = CO]__Ht +

Xp6 =0 Yn6 =0
L
- - P
Xp7=10 7=
Lp
Xpg =0 ¥ng = Col_Ht - 5
Xpg =0 Yo := Col_Ht
Bm H
Xp10=0 Yn1p = Col_Ht + i
Xal1 = Scol  Yn11=0
LP
*ni2=Scol  Yn12=
LP
Xn13 = So Yn13 = Col_Ht - >
%14 = Scol  Yp14= Col Ht
Bm_Ht

Xn15 = Seol Yn15 = Col Ht+

B
Xn16 = —Sgop — Cant  y; 6= Col Ht+ __m;_lit

t
Xp17 = S¢op + Cant Yn17 = Col_Ht+ Bm;H




Find dead load to distribute to beam cap (beam cap load not included)

DL ta1

Ybm =
2-Cant + (N ~ 1))

Joint 1

Joint 2

Joint 3

Joint 4

Joint 5

Joint 6

Joint 7

Joint 8

Joint 9

Joint 10

Joint 11

Joint 12

Joint 13

Joint 14

Joint 15

Joint 16

Joint 17

Joint Locations

Xy =171t
X =-17ft
Xp3 =—17ft
Xpq =171
Xps =171t
Xpe =0 ft
Xy =01t
Xhg = 0ft
Xho =0ft
*n10 = O ft
%11 =171t
Xp12 = 171t
Xp13 =171t
Xn14 = 17ft
Xa15 =171t
Xnlg = —23.5ft
X7 =23.5ft

k

= 30.638 —

Find Rotation Capacity of each column from Xtract output

RotCapy := 0.05872

RotCap := 0.05999
RotCapR = 0.05746

Yn1 =0

Yoo = 1305t
Yp3 = 21008 f
Ypa = 22313t
Yns = 24.563 ft
Yo =0 ft

Yy7 = 1.305ft
Vg = 21.008 ft
Yoo = 22313 ft
Y10 = 24.563 ft
Yn11 =0Rt
Yp12 = 1.305ft
Yn13 = 21.008 ft
Ynla = 22313 ft
Ynls =24.563 ft
Yn16 = 24.563 ft



Check for P-4 effects? Right column will control. (LRFD Seismic 4.11.5)

Pd] — PR Ar = ﬂD Pdl-Ar= 166.1 kft

PAax = 025-Myp PA g = 4973k ft

m
PAcheck = |"Not Required" if Pdl-Ar < PAmax
"Required" otherwise

Note: If the PA check is not met than a PA analysis is required. According to the LRFD Seismic
specifications a nonlinear time history analysis is required for an accurate PA analysis. Since an
unreasonable deflection capacity is obtained from CAPP when PA effects are not considerred, PA
effects should be included in the CAPP analysis regardless of the statement below.

A P-A analysis is NotReauired”  Check View Options in CAPP program



Detailing Calculations

Definition of Variables

Spiral;,, = minimum size of spiral reinforcement allowed in the column
ax = Maximum spacing of spiral reinforcement in the column

Psmin = Minimum spiral reinforcement ratio allowed in the column

Ay = Area of a longitudinal bar in the column

A = total area of longitudinal steel in the column

Agemax = maximum area of longitudinal steel allowed in the column

Min_Ratio = minimum ratio of longitudinal steel area to column section area
A emin = Minimum area of longitudinal steel required in the column

PHR,, PHR,, PHR, = three values that define the limits of the Plastic Hinge Region
l,c & = anchorage length of column longitudinal steel into footing

Df;m = footing depth

Foot_CIl_Cover = clear concrete cover at bottom of footing for footing flexural steel

| = anchorage length of column longitudinal steel into beam

lac min = Minimum development length of column longitudinal steel into beam
LR:Max1, LR_Max, = maximum lateral reinforcement spacing values for the column
M, = overstrength moment required to be resisted by elastic members (i.e, beam and footing)
M, bm = Nominal flexural capacity of beam

T, = column tensile force resulting from overstrength moment

Ajv = effective vertical joint area (plane normal to longitudinal axis of beam)

V,, = shear stress of effective vertical joint area

P = column axial force including effects from overturning

Ay, = effective horizontal joint area

f, = vertical stress normal to horizontal plane

P, = principal compression force on stress block (figure 3)

p, = principal tension force on stress block (figure 3)

Pc_max = maximum allowable principal compression force in T-Joint

Pt max = Maximum allowable principal tension force in T-Joint

pt;in = minimum design principal tension for lateral reinforcement design

Asjy min = Minimum area of vertical stirrups in beam T-joint

N,, = number of vertical stirrups in beam within a core diameter on either side of column centerline
Jﬂ\m“t = Area of one leg of stirrup used for vertical stirrup requirement in T-joint

Asj = Area of vertical steel (stirrups) within core diameter from centerline of column
A = Area of flexural reinforcement in bottom of beam

A = Area of flexural reinforcement in top of beam

Agf min = Minimum area of longitudinal reinforcement required in sides of beam for T-Joint
st_= number of longitudinal bars present on one side of beam for T-Joint

A,f = area of a longitudinal bar in the side of the beam

A = total area of longitudinal reinforcement on one side of beam

= lower limit for spiral reinforcement ratio in column

Svm

ac_bm

s_bot

s_top

Ps_lim



Phoop = reinforcement ratio of hoop steel extended into beam

M, « = flexural capacity of footing in bent longitudinal direction

Lot = length of footing (measured in bent longitudinal direction)

Betr g = effective footing width for T-Joint design

A}v q = effective vertical joint area in footing (plane normal to bent centerline)
A, q = effective square horizontal joint area

Minimum spiral Reinforcement? (LRFD Seismic 8.4.1, 8.6.5)...Bundling bars not considered

Spiral ;= |3 if Col Bar<10 Spiralyip =3

5 otherwise

Spiral_Size Check := |"O.K." if Spiral Bar > Spiral ..

"N.G." otherwise

[Spiral Size Check = "O.K." |

Symax := min(D, 12in) Symax = 12in

Spiral_Spacing Check:= |"O.K." if s, <s .0

"N.G." otherwise

[Spiral Spacing Check = "O.K." |

Minimum Shear Reinforcement (LRFD Seismic 8.6.6)
pg = 0.00899 Psmin = 0004 <=== 0.004 for C & D, 0.002 for B
Reinf Ratio_Check := |"O.K." if pg> porin

"N.G." otherwise

|Rcinf_Ratio_Check ="QK." ]

Maximum Longitudinal Reinforcement (LRFD Seismic 8.8.1)

2
dy, 2
Abc = TIZ-T Abc =0.785in
Age = ApBar Num Ago = 14.137 in2
. 2
Ascmax = 0'04'Ag Ascmax =55418in
Max_Col Steel Check:= |"O.K." if N S A |Max_Col_Stccl_Chcck ="0K." |

"N.G." otherwise



Minimum Longitudinal Reinforcement (LRFD Seismic 8.8.2)

Min_Ratio := 0.01 Enter 0.007 for SDC B or C
0.01 for SDC D

.= Min_Ratio-A =13, in
cmin = Min_Rati g cmin 13854‘2

Min_Col_Steel Check = |"OK." if A= Agmin [Min_Col_Steel Check = "OK." |

"N.G." otherwise

Column Splicing Check (LRFD Seismic 8.8.3)...Not required for SBC B

Enter one of the following describing the location of the longitudinal steel column splice:
0 = No splice, Distance from top of column to beginning of 1st splice

Splice Location := 0

PHR,; = 1.5D
PHR2 = Lp
PHRy := 0.25-L,, PHRj=5.578ft <==== Distance from bottom of beam where M < 0.75"MFl

Sp Loc Check:= |"O.K." if Splice Location =0 v Splice Location > max(PHRl ,PHR, ,PHR3)

"N.G." otherwise

[Sp Loc Check ="OK." |
Minimum Development Length of Reinforcing Steel for SDC B, C, or D (LRFD Seismic 8.8.4)

lac_ﬁ = 50in Dot = 34in Foot Cl Cover := 4in
lac_bm = 48in

lac_min = 24dy 1 =24in  <=== applies to beams only

ac_min
Min_Dev_Check:= ["OK." if ;. g =Dg,o — Foot_Cl_Cover A Lo pm 2 lac min
"N.G." otherwise
[Min Dev Check = "O.K."
Maximum Column Bar Diamter for SDC B, C, or D (LRFD Seismic 8.8.6)
Lo — 05D
Rar Diamctor Max:= ZSIW-W Bar_Diameter Max = 5 in

db =1lin
Bar_Diameter_Check := |"O.K." if dy, < Bar_Diameter Max

"N.G." otherwise

[Bar Diameter Check = "O.K." |




Lateral Reinforcement inside the Plastic Hinge Region for SDC D (LRFD Seismic 8.8.7)

VID check satisfies this section with spirals provided in the plastic hinge region.

Minimum Stirrup outside plastic hinge region for SDC C and D (LRFD Seismic 8.8.8)

Check not required because same lateral reinforcement is used inside and outside plastic
hinge region.

Maximum Spacing for Lateral reinforcement for SDC C or D (LRFD Seismic 8.8.9)

LR _Max = 0.2.D LR Max; =84in
LR_Max, := 6-dy, LR_Max; = 6in
sy =3.5in

Spiral End Spacing Check := |"O.K." if s, <LR Max| A s, < LR Max,

"N.G." otherwise

[Spiral End Spacing Check = "O.K." |

Note: Lateral reinforcement shall extend to beginning of hook bend in footings.

T-Joint Connection Checks (LRFD Seismic 8.13.4)

VO h
Vi M,
Bm_ MD fh fh PC
v,
P* ;;o Figure 3 - Prinipal Stresses
M,
= D

Figure 2 - Joint shear stresses in beam cap T-joint
Note: Moment (M,) and shear (V) values are different in beam and column.

Assumptions: 1) vertical axial stress from column is distributed to center of beam through 45
degree angles in the beam longitudinal direction.
2) vertical axial stress from column is distributed to center of beam through an
effective joint width, 1.414D, in the beam transverse direction.
3) Horizontal shear stress is distributed over column diamter in beam longitudinal
direction and effective joint width, 1.414D, in beam transverse direction.
4) The right column T-Joint will control.



Right Column - Beam Joint

1. First check that the beam can carry column plastic moment elastically.
3
M, = 1'2MpR M, =2387x 10" k-ft

M = 3031k-ft <===negative moment flexural capacity

ne bm

Elastic Beam Check := |"OK." if M, < Mne_bm IElaslic,Bcam Check = "OK." l

"N.G" otherwise

2. Calculate principal forces

M

0
¢ 07D <===Approximation of distance between tensile and compression forces in column
T, =974k lac = lac_bm
Ay = lpB Ay, =2304 in”
Vi o= Tc
e jv = l
i Ajv Viv 0.423 ksi
P, = Pp P, =641k
Ajp = (D + Bm_Ht)-B Ajh = 4608 in2
g =S
v e = i
Ajh f, = 0.139ksi
fh = 0
P = 0.498ksi

Py = —0.359ksi




Joint Proportioning Check (LRFD Seismic 8.13.2)

Pc max = 0.25-f. Pc max = 1.25 ksi

siz
Pt max = 12 [foe 1000-"? Pt max = 0-849ksi
Stress_Check := |"O.K." if p, < Pc_max A |pl| < Pt max

"N.G." otherwise

[Stress Check = "O.K." |

If the principal tension stress is less than 3.5 times the square root of the effective compressive
strength of concrete the minimum joint shear requirements control the design. (LRFD Seismic
8.13.4.2) SDCCorD

2
- ’ pst - ;
Ptmin = 3.5 [fe'1000- = Ptmin = 0-247 ksi

Use Min Shear:= |"Yes" if py>—pyin

"No" otherwise

Use Min_Shear = "No"

Ptmin

if Use Min_ Shear = "Yes" 0

Ps min = Ps min =

ye

0 otherwise

Joint Shear Reinforcement SDC D? (LRFD Seismic 8.13.4.3)

i)
Asjv_min = 0.2-Ag, Asjv_min =2.827in

Apply within core diameter from centerline of column

2 e . .
va =4 Aij = 0.4418in <=== # and size of bar on one side of column
o _ i 2
ASjV = 2N_|VA|3_|V ASjV = 44[8 m
Vertical Steel Check:= |"O.K." if Asjv P2 Asjv_min

"Not Required" if Use Min Shear = "Yes"

"N.G." otherwise

[Vertical Steel Check = "OK." |

Ay pog = 12.656in" Ag top= 1139%in°



sl
Asf_min = 0'1'max(As_b0t, As_top) Asf_min = 1.2661in

Apply in side faces of beam with a
maximum spacing of 12 in.

Ngg=35 Apof = 0.3068i|:12 <=== # and size of bars on one side of cap (discluding flexural
steel)

vy
Asf = st-Abe ASf =1.534in

Side_Steel Check := ["OK." if Ay > Agf min

"Not Required" if Use Min_Shear = "Yes"
"N.G." otherwise

[Side_Steel Check ="O.K." |

Assume #4 @ 3" hoops are used for transverse reinforcement in beam cap T-joint

Age
Ps lim = 0.4-—2 if Use_Min_Shear = "No" »
la Ps lim = 2454 x 10
0 otherwise
. 2 D'—0.5in
Phoop = 4.0.1963in"- ——— P .
.'ain-D':Z Phoop

hoop check:= |"O.K." if Phoop > Ps_min ” Phoop > Ps lim

"N.G." otherwise

hoop_chcck ="QK." ]

Right Column - Footing Joint

1. First check that the beam can carry column plastic moment elastically.



3
Mai= 12Mp M, =2.387x 10" kft

M. g = 3325kft <===positive moment flexural capacity

Elastic_Foot Check := |"O.K." if M, < Mne_ft IElasticﬂBcam_Check=“O.K." |

"N.G" otherwise

2. Calculate principal forces

M

Jo= 2 <===Approximation of distance between tensile and compression forces in column

0.7-D

Te= 974k
Beff fig = V2-D Beff fig = 59:397in
Ajv_ft = Beff ftg Pfoot Ajy §=3207 i
[ — Tc

Ajv_ﬁ Vjv =0.304 ksi

Ko/~ PR P, =641k
o o (D e ) 2
Ajh ft = ( foot) Ajp_fi = 9216in
— Pc
A= it f, = 0.07 ksi
,Eh:= 0
2

fi +f fi, —f

R/~ hz "+j(h4") +Vjv2 Pe = 0341 kei
2

fi, + f, fi, —f,

o h2 “_ﬁh4“) vaz py = ~0.271ksi

Check principal stresses are within limits (LRFD 6.4.5)



Rowmans= 0-25Tce Pc max = 1.25ksi

” psi B .
Bivanan™ 12 fcc-IOOO--E Pt max = 0-849ksi

"O.K" if Pe <Pg max A |pl| < Pt_max

"N.G." otherwise

[Stress Check = "O.K." |

If the principal tension stress is less than 3.5 times the square root of the effective compressive
strength of concrete the minimum joint shear requirements control the design. (LRFD Seismic
8.13.4.2) SDC CorD

2

. psi B )
Rucmion= 35 [ foer1000-=— Pemin = 0-247ksi

ksi

Ps min = 0.00375

Assume #4 @ 3" hoops are used for transverse reinforcement in footing T-joint

2 D' - 0.5in -
Qo= 4-0.1963in" ———>1 Phoop = 6:625 10

3in- D'2

3

Ropasbssl= |"OK" if Phoop 2 Ps_min

"N.G." otherwise

lhoop check = "O.K." |

PILE DESIGN CHECKS



L;oot = footing dimension in bent longitudinal direction
W0t = footing dimenion in bent transverse direction
N_rows,,ng, S_Piley,,, N_rows,,, S_Pile,,,, = See figure below

Pile_Dia = C.I.P. pile diameter measured to outside face of steel casing
Ap"e st = Total area of longitudinal reinforcement in C.1.P. pile (not used)
Agnen = Cross-sectional area of steel casing (not used by this worksheet)
ngx, ngz = Pile group moment of inertia about X and Z axis respectively
DL_Sub = Total self weight of beam cap and columns

Pror L = Weight of super and sub at bottom of left column

Peor 1 Peor r = Weight of super, sub, and footing at bottom of left and right footing respectively
Rmin Rmax = Min and max reactions on outer piles assuming a plastic moment developed about

the Z or X axis.
TF|ile = Structural tensile capacity of pile

Radius = radius of bottom of shear cone failure surface

SC_V_ = Shear cone capacity

Tghear = Allowable tension in pile for footing shear (F.S. = 3)

Thiction = 9eotechnical friction capacity of pile in tension

T, = allowable tension force in pile for pushover analysis

Ag_pi‘e = Gross area of C.I.P. pile

Ciction = earing capacity of pile with 1.5 allowable overstress for seismic event

Vpile = Shear force per pile assuming even distribution between piles
ch, V, = Nominal and factored concrete shear capacity of C.1.P. pile respectively

oy = coefficient of thermal expansion for superstructure

Xq = distance from seat to point of thermal origin

Memp = displacement demand from temperature effects

Agmin = Minimum displacement demand from temperature effects

A, = Movement attributed to effects other than seismic

S, = skew of bent measured from a line normal to the centerline of bridge

Aeq = seimic displacement demand in the bridge longitudinal direction between expansion joints
Min_Seat_Width = minimum seat width required at expansion bents



Piles: Compression and Tension Checks (3x3 c.i.p. pile arrangement)

Ligor = 13.5f

Wioor = 13.5ft

N'_rmlw?.k_mg =3

S_Piley,, = 5ft

N_rowsg ., =3

S_Pilekmg =5h

Pile Dia := 20in

S_Pi Ielran

2.2
Apile_st = 3.:53in

L |
[
£y, 7N .
I ) ) I )
\‘\- -', \‘- -', “- -rl
£ P FTTEN
I ¥ ¥ I ]
p p e | R 4 WFOOt
Y A Flea TN
i ) y [ )
| NEE oo N
A

Aghel = 23.12in°

|

N_rowsn'an @ S_Pi Ie Iong

Assume Shell Fy = 45 ksi

Note: For pushover analysis 14" piles would have been adequate for tension, compression,
and shear. 20" piles were used to match the design for LFD.

Lpgx = 6-S_“Pi1clmn2

: 2
[pgz = 6'S—Pllelong

Left Footing
M. =1.649 103k ft
pL = 10X '

P =318.529k

DL Sub:= [B-(z-Cam +2:8

DL Sub

Neol

PToF L= + P

4.2
ngx—2.16>< 10 in

4.2
ng2—2.16>< 10 in

col

PBOF L = PTOF L * Pfoot Loot Wroot 0-15kef

PBoF R*= PR+ PBOF L~ PL

Use Linear Distribution of Forces?

Right Footing

3
Mg = 1989 10" kft

Pp =641471k

k
) Bm_Ht + Neoy-Col_HtAg]0.15—

DL _Sub = 223.502 k
3

ft

PRoF L = 516.049k



; » . Lfoot =D = -
ForceDistCheck := ["O.K." if ——— <25 [ForceDistCheck = "O.K." |

2Dgo0t
"N.G." otherwise

Note: Per LRFD Seismic 6.4.2 the linear distribution of forces may be considered when standard
size piles are used (Diameter <= 16"). Assume procedure is adequate for 20" piles.

R - PROF L Y S_Pilejgny
minl - Namwslong'N—mwstran pL lpgz ...Plastic Moment about Z-axis
Rl’l‘lll‘ll = 23721(
P S Pile
F R e Bl
Rmax1 = o t MpR"——Ong Rppaxq = 159-521k
N_rm'\»'skmg-I\l_row.*stl.an ngz
Rﬂllﬂz = N_rowSlong.N_rowslmn B Mpl". ngx .plaStIC Moment abOUt X-aXIS
R a=2.372k
PBOF R S_Pileiran e
R = = + M T L ey
X2 N rowsjong N 10WSin PN Loy Rppax2 = 159.521 k
Rpin = mi“(Rminl'RminZ) Rpax = max(Rmaxl ’Rmax2)
Tpile = |20k if Pile Dia = 14in Tpile =26.67k

26.67k if Pile Dia = 20in
32k if Pile Dia = 24in

Check whether shear cone failure requires overiap

Overlap tran:= |"Yes" if Pile Dia + 36in > S_Piley,, Overlap_tran = "No"

"No" otherwise
Overlap long := |"Yes" if Pile Dia + 36in > S»_F'ilck)ng Overlap_long = "No"

"No" otherwise




Pile Dia

Radiusl = + 18in if Overlap_tran = "No" Radiusl = 28in
S Pile
otherwise
\\%
Radius2 = ——2 — S Pileyy, Radius2 = 21 in
Radius3 := Eale Die + 18in if Overlap long = "No" Radius3 = 28in
S Pile
T ong otherwise
L
Radiusd = —o% _ S_Pilejong Radius4 = 21 in
Radius := min(Radiusl,Radius2, Radius3, Radius4) Radius = 21in
Slope Length := \/5 -Radius Slope_Length = 29.698 in

Pile Dia )
Asurface = rc-Slopc_Lcngth-( + Radms) Agurface = 2-892 x 103 in2
SC_V¢:= 0'0316'2'\‘ foe kst Agyrface SC_V, =408.741 k
SC_V,
o= —— Typear = 136247k

Tgriction = 40k Note: The friction capacity would normally be calculated by SPILE or LPILE.
Friction capacity was not determined for this example (placeholder value).

Tan = mi“(Tpilc’ Tsheal"Tﬁ‘iclion) Ty =26.67k

Uplift_Check = |"O.K." if R .. > Ty |Uplift_Check ="O.K." |

"N.G." otherwise

__ Pile Dia®
Ag pile = T 4



= 1.5-120k Assume pile has 60 ton capacity with a 50% overstress allowed for

Cericti
riction . :
instantaneous loading

Criction = 180k

Compression_Check := |"O.K." if R\ <Cqipinn [Compression Check = "0.K." |

"N.G." otherwise

Piles: Shear Check

Assume that right column always controls.

VpR =89.143k
VbR
Vpile = T Vpilc =9.905k

Calculate shear capacity of each pile, V,;

" " ] = s — H 2 —
Class ="D Pile Dia = 1.667 ft AgJJile =314in Ae_pile P O'SAg_piIe
Tie Bar:= 4 ch = 0'0632'k5i’Ag_pile ch =19.855k
V= ¢-ch V,=16.877k

Pile_Shear Check:= |"O.K." if Vpjjo <V, [Pile Shear Check ="O.K." |

"N.G." otherwise

Smaller piles may require added shear capacity from reinforcement (i.e., 14" piles are adequate,
but not for concrete capacity alone). For this example the concrete shear capacity is adequate
to resist the shear force induced with a plastic column moment.

Piles: Details

Pile Length is not considered for this example. A 1/2" thick steel casing is used throughout the pile
length. Piles require longitudinal reinforcement to extend half the pile length per LRFD Seismic
8.16.2. Piles are embedded 18" per office practice. Reinforcement includes 8 - #6 bars extended
into the footing with hooks clearing the top of footing by 1.5". #4 hoops at 3" centers are extended
to the top of hooks and a minimum of 4 ft below the bottom of footing. #4 hoops at 9" centers are
then used to extend to half the pile length.



Minimum Seat Length LRFD seismic 4.12

Note: Expansion joints are located at the abutments. The length between expansion
joints is 248'. Fixed joint located at center intermediate bent. Assume 248' expansion length with
total temperature range (150 deg. for steel superstructure)

in
oy = 0.0000065_—F Temp_ Range := 150F xTo = 248ft
m-
Alemp = ayTemp Range xpq Alemp =2.902in
. in .
Atﬂlil‘l — KTO 1 100ft Atmin =248in
Aop = max(Aemo Atmin) Aoy = 2:902in
Sy = 18.36
Aeq =Ac Acq =17.247 in
1+ Sk2

Min_Seat Width := max 12-in, (4-in + Ao + 1.65-Ag)- g

[Min_Seat Width = 12in

Aeq requires displacement demand in longitudinal direction of bridge. This value is unknown and
will be assumed to be equal to the bent longitudinal displacement capacity, A...
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File: J:\Kemnadl\Developement\Seismic LRFD Ex\DeadLoad.rpt 1/13/2006, 9:22:19AM
DC Loads
Self Weight Generation Disabled
Traffic Barrier Load Disabled
Span 1 W 8.747e+03 plf from 0.000 ft to 86.000 ft
Span 1 W 9.462e+03 plf from 86.000 ft to 124.000 ft
Span 2 W 9.462e+03 plf from 0.000 ft to 38.000 ft
Span 2 W 8.747e+03 plf from 38.000 ft to 124.000 ft
DW Loads
Utility Load Disabled
Wearing Surface Load Disabled
Live Load Data
Live Load Generation Parameters
Design Tandem Disabled
Design Truck Disabled
Dual Truck Train Disabled
Dual Tandem Train: Disabled
Fatigue Truck Disabled
Live Load Impact
Truck Loads 33.000%
Lane Loads 0.000%
Fatigue Truck 15.000%
Pedestrian Live Load 0.000e+00 plf
Load Factors
Strength I DC min 0.900 DC max 1.250 DW min 0.650 DW max 1.500 LL 1.750
Service I DC 1.000 DW 1.000 LL 1.000
Service II DC 1.000 DW 1.000 LL 1.300
Service III DC 1.000 DW 1.000 LL 0.800
Fatigue DC 0.000 DW 0.000 LL 0.750
Analysis Results
DC Dead Load
Span Point Shear (1bs) Moment (ft-1bs)
1 0 391.831e+03 0.000e+00
1 1 283.368e+03 4.186e+06
1 2 174 .906e+03 7.027e+06
1 3 66.443e+03 8.523e+06
1 4 -42.01%a+03 8.675e+06
1 5 -150.482e+03 7.481e+06 " !
1 6 -258.945e+03 4.943e+06 Ol KG’\Z:\C‘q Jelal
1 7 -367.980e+03 1.059e+06
1 8 -485,309e+03 -4 ,.230e+06 & % z{
1 -602.639e+03 -10.975e+06 -— —
C"i% —719.9652@6 -19.176e+06 = (730 /" ’“f{_fo
... B - 719.968e+03 7 -19.176e+06
2 T 602.639%9e+03 -10.975e+06
2 2 485.30%e+03 -4.230e+06
2 3 367.980e+03 1.05%e+06
2 4 258.945e+03 4.943e+06
2 5 150.482e+03 7.481le+06
2 6 42.019%e+03 8.675e+06
2 7 -66.443e+03 8.523e+06
2 8 -174.906e+03 7.027e+06




File: J:\Kemnadl\Developement\Seismic LRFD Ex\DeadLoad.rpt

1/13/2006,

9:22:19AM

2 9 -283.368e+03 4.186e+06
2 10 -391.831e+03 0.000e+00

Page: 3
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XTRACT Section Report

Section Name: Section6

D. Kemna
MoDOT
3/14/2006
Stoddard Co.
Bent2
Page __of

Section Details:

X Centroid: -9109E-16 ft
Y Centroid: -.1857E-16 ft
Section Area: 9.596 ftA2

I gross about X: 7.420 ftr4

I gross about Y; 7.420 fird
Reinforcing Bar Area: 08.17E-3 ft"2
Percent Longitudinal Steel:  1.023 %
Overall Width: 3.493 ft
Overall Height: 3.500 ft
Number of Fibers: 492

Number of Bars: 18

Number of Materials: 3
Material Types and Names:
Unconfined Concrete: B Unconfinedl
Strain Hardening Steel: B Steell
Confined Concrete: ] Confined?7




XTRACT Analysis Report

Section Name:  Section6
Loading Name: MCl1
Analysis Type: ~ Moment Curvature

D. Kemna
MoDOT
3/14/2006
Stoddard Co.
Bent2

Page __of __

Section Details:

X Centroid: -9109E-16 ft
Y Centroid: -.1857E-16 ft
Section Area: 9.596 ftr2
Loading Details:

Constant Load - P: 480.0 kips
Incrementing Loads: Mxx Only
Number of Points: 30

Analysis Strategy: Displacement Control
Analysis Results:

Failing Material: Steell

Failure Strain: 60.00E-3 Tension
Curvature at Initial Load: -2060E-21 1/ft
Curvature at First Yield: 1.083E-3 1/ft
Ultimate Curvature: _gﬁgE:g __lit;b
Monment at First Yield: 1449 kip-ft
Ultimate Moment: 2155 kip-ft
Centroid Strain at Yield: .6431E-3 Ten
Centroid Strain at Ultimate:  23.28E-3 Ten
N.A. at First Yield: 5940 fi

N.A. at Ultimate: 9559 ft
Energy per Length: 47.05 kips

Effective Yield Curvature: ¢ 1.368E-3 L/ft

Effective Yield Moment: 1830 kip-

Over Strength Factor: 1177

x z i 77 < __-_'\)
Plastic Rotation Capacity: ﬁ9.995-3 rad
EI Effective: “1.338E+6 kip-ftr2
Yield EI Effective: 14.13E43 kip-ft"2
Bilinear Harding Slope: 1.056 %
Curvature Ductility: 17.81

Moments about the X-Axis - kip-fi
25007

20007

15007

10001

500

B % yS b + + 4 + i
-0.010 0.000 0010 0020 0,030
Curvatures about the X-Axis - 1/ft

—i— Moment Curvature Relation
=== DMoment Curvature Bilineatization




D. Kemna

XTRACT Analysis Report S
[ . 3/14/2006
Section Name:  Section6 Stoddard Co.
Loading Name: = MC2 (Left Column) Bent2
Analysis Type: ~ Moment Curvature Page __of __
Section Details:
X Centroid: -9109E-16 ft
Y Centroid: -.1857E-16 ft
Section Area: 9.596 ft"2
Loading Details:
Constant Load - P: 319.0 kips
Incrementing Loads: Mxx Only
Number of Points: 30
Analysis Strategy: Displacement Control
Analysis Results:
Failing Material: Steell
Failure Strain: 60.00E-3 Tension

3438E-20 1/ft
1.042E-3 1/ft

Curvature at Initial Load:

Curvature at First Yield:

Ultimate Curvature: 23.83E-3 ﬁb
™
Moment at First Yield: 1285 kip-ft
Ultimate Moment: 2000 kip-ft
Centroid Strain at Yield: .7038E-3 Ten

Centroid Strain at Ultimate: 24.06E-3 Ten

N.A. at First Yield: 6751 ft

N.A. at Ultimate: 1.009 ft

Energy per Length: 42, lj__l(_l_gi

Effective Yield Curvature: ( 1.338E-3 1/ft
P B =

Effective Yield Moment: | 1649 kip-ft \

Over Strength Factor: 1.213

7 S872E3 rad>

Plastic Rotation Capacity:

EI Effective: 1.232E+6 kip-ft*2
Yield EI Effective: 15.60E+3 kip-ft*2
Bilinear Harding Slope: 1.266 %
Curvature Ductility: 17.81

Moments about the X-Axis - kip-ft
20001

15007

10001

500

0 D T "
0.000 0.005 0010 0015 0.020

Curvatures about the X-Axs- I/t

=—i— Moment Curvature Relation
—*— Moment Curvature Bilinearization

0025




. D. Kemna
XTRACT Analysis Report i
3/14/2006
i b :
Section Name Section6 Stixddiid Co.
Loading Name: ~ MC3 (Right Column) Bent2
Analysis Type:  Moment Curvature Page __of __
Section Details:
X Centroid: -.9109E-16 ft
Y Centroid: -.1857E-16 ft
Section Area: 9.596 ftr2
Loading Details:
Constant Load - P: 641.0 kips
Incrementing Loads: Mxx Only
Number of Points: 30
Analysis Strategy: Displacement Control
Analysis Results:
Failing Material: Confined7
Failure Strain: 15.42E-3 Compression

- 1174E-20 1/ft
1.122E-3 1/ft

Curvature at Initial Load:

Curvature at First Yield:

Ultimate Curvature: \H23':40E-3 e
Moment at First Yield: 1608 kip-ft
Ultimate Moment: 2290 kip-ft
Centroid Strain at Yield: .5843E-3 Ten

Centroid Strain at Ultimate:  20.81E-3 Ten

N.A. at First Yield: 5208 ft
N.A. at Ultimate: .8893 ft
Energy per Length: 48.49 kips

Effective Yield Curvature: ~ 1.388E-3 1/ft:
Effective Yield Moment: (" T‘j@_kil;ft
Over Strength Factor: 1L 151

Plastic Rotation Capacity: ~ 57.46E-3 rad >

EI Effective: 1.433E+6 kip-ftr2
Yield EI Effective: 13.67E+3 kip-ftr2
Bilinear Harding Slope: 9533 %
Curvature Ductility: 16.87

Moments about the X-Axs - kip-fi
2500

2000

1500

1000

500

i

-0010 0.000 0.010 0020 0030
Curvatures about the X-Axis - 1/t

—i— Moment Curvature Relation
—=— Noment Curvature Bilinearization




% Contribution to Hazard

Prob. Seismic Hazard Deaggregation

. Stoddard_Co 90.400° W, 36.800 N. S, = 06925 (2320 = 30 cp £
Ny SA period 0.20 sec, Accel.>=0.6423 g !
Mean Return Time of GM 975 yrs
Mean (R,M,g;) 58.4 km,7.20, 0.27 2
Modal (R,M.g,) = 73.9 km, 7.70, 0.32 (from pe4iil
Modal (R,M,e*) = 73.8 km, 7.70, 0 to 1 sigma (f1@
Binning: DeltaR=10. km, deltaM=0.2, Deltae=1.0

Z

4\

15

L

70

i F B

&

Prob. SA, PGA ¢
<median | R,M %‘g_
> "t
.E.O<-2 -w&" 0<EO<0 /&9
H & b '
-2<gy<-1 0.5<g,<1 =S5 s
S
.—1<So<-0.5 | 1<g,<15 . 2<gy<3

l -05<g,<0 . 1.5<¢g;<2 2003 update USGS PSHA

(e84l Feb 109:16 | Di (R}, magnitude (M}, epslion (E0,E) deaggregation for a site on ROCK avg Ve=760 m/s top 30 m USGS CGHT PSHA2002v3 UPDATE Bins with it 0.05% contrib. omitted




Prob. Seismic Hazard Deaggregation

Stoddard_Co 90.400° W, 36.800 N.

SA period 1.00 sec. Accel.>=0.1655 g

Mean Return Time of GM 975 yrs

Mean (R,M,g;) 69.9 km,7.47, 0.18

Modal (R,M,g) = 73.8 km, 7.70, 0.17 (from peak R,M bin)

Modal (R,M,e*) = 73.8 km, 7.70, O to 1 sigma (from peak R,M.,e bir
Binning: DeltaR=10. km, deltaM=0.2, Deltag=1.0

20

A i i

75

Sz Q1€55(32.2) =5 33 5%1

" L

% Contribution to Hazard
5 70

o,

Prob. SA, PGA

<median | R,M >median
e

.eo<-2 =] 0<gy<05

.'2<'°—o<'1 -0.5<£0<1
.-1<30<-0.5 . 1<g,<15 . 2<gy<3

.-0.5<eo<0 . 1.5<g;<2 2003 update USGS PSHA

[SIVRH Feb 10919 | Distanca (R), magnitude (M), epsilon (EO,E) deaggregation for & site an ROCK avg Vs=760 m/s top 30 m USGS CGHT PSHA2002v3 UPDATE Bins with It 0.05% contrib. omitted



Seismic Design Response Spectrum

A7029 - (pin-fix) clear height

Input Req'd

Design Seismic Event - 5% Probability of Occurrence in 50 years

Site Classification

Site class = D  Based on site condition
Bridge location _
Latitude=  '86.8  deg.
Longitude = -90.4  deg. (use -ive value)
As per bridge location & U_SGS_ map
Ss= 20.680 0.2-second period spectral acceleration
S,= 5.330  1-second period spectral acceleration
Fa= 1.00 Read from Table 3.4.2.3-1 based on site class & Ss value
Fv= 1.50 Read from Table 3.4.2.3-1 based on site class & S, value
Spg=Fa'Ss = 20.68
Spy =FV'§, = 8.00
SDC = D Based on LRFD Table 3.5-1
BESPONSE SPECTRUM DEVELOPMENT
fT<=To Sa= OS{SDS!TQ)'T + 0'4‘SDS
HTo<=T<=Ts Sa = Spg
fT>Ts Sa=5p/T
il Sa
0 827 = 0.4805
To=0.2"Ts=| 0.08 20.68 |=Sps
Ts =Spy/Sps=| 0.39 20.68 |=Sps
0.60 13.37
0.81 9.88 For a known "T":
1.02 7.83 T= 128
1.23 6.49 Sa= 6.26
1.44 5.54
1.65 4.83
1.87 4,28
2.08 3.85
2.29 3.49
2.50 3.20




Response Spectrum

25.00

20.00

—
[
o
o

Spectral Acceleration, Sa

—
o
o
o
*-—

5.00

0.00
0.0

0.5

1.0

Period, T (sec.)

1.5

2.0

2.5



Equation Fit to PM Data

—
*P/Pu)*2 + 14.19E+3*(P/Pu)*3
s D. Kemna
XTRACT Analysis Report MBSO
3/14/2006
Section Name:  Section6 Stoddard Co.
Loading Name: LCI Bent2
Analysis Type: ~ PM Interaction Page __of __
Section Details:
X Centroid: -9109E-16 ft
Y Centroid: -.1857E-16 ft
Section Area: 9.596 ftr2
Loading Details:
Angle of Loading: 0 deg
Number of Points: 20
Min. Unconfinedl Strain: ~ 3.000E-3 Comp
Max. Unconfined1 Strain: 1.0000 Ten
Min. Steell Strain: 15.00E-3 Comp
Max. Steell Strain: 15.00E-3 Ten
Min. Confined7 Strain: 5.220E-3 Comp
Max. Confined7 Strain: 1.0000 Ten
Analysis Results:
Max. Compression Load: 8985 kips
Max. Tension Load: -933.1 kips
Maximum Moment: 3121 kip-ft
P at Max. Moment: 2891 kips ) )
Minioiliom Momenit: -2678E-12 kip-ft AT;;?U““ ~Hae
P at Min. Moment: 8985 kips
Moment (Mxx) at P=0: 1317 kip-ft 3000
Max. Code Comp. Load: 4493 kips
Max. Code Ten. Load: -839.7 kips GIII
Maximum Code Moment: 1567 kip-ft 4000+
P at Max. Code Moment: 749.7 kips i
Minimum Code Moment:  -.1339E-12 kip-ft 20007
P at Min. Code Moment: 4493 kips : . ; :
PM Interaction Equation: Units in kip-ft -1000 1000 2000 3000 4000
-2000 Moments about the X-Axis - kip-ft
=+ PMData
—=— Code Reduced PM Data




XTRACT Analysis Report D. Kemna

MoDOT
3/14/2006
Secti ; tion6
ion Name Section Stoddard Co.
Loading Name: LCl Bent2
Analysis Type:  PM Interaction Page __of __

P Mxx
(kips) (kip-ft)

8985 -2678E-12

7903 656.1
5041 2666
2891 3121
1792 2832
1174 2453
772.6 2134
496.7 1869
299.4 1664
1332 1480
19.17 1342
-312.0 907.6
-809.2 182.0

-933.1 2898E-12
-933.1 .2898E-12
-933.1 .2898E-12
-933.1 .2898E-12
-933.1 .2898E-12
-933.1 .2898E-12
-933.1 .2898E-12
-933.1 .2898E-12



File: Editl 3/14/2006, 12:55:04PM

# CAPP Generated Input file
# Created = 3/14/2006

UNITS
FORCE=Kips
LENGTH=Feet

JOINT
NUM=1 X=-17 Y¥=0
NUM=2 ==-17 Y¥=1.385
NUM=3 X=-17 ¥=20.92
NOM=4 X=-17 Y¥=22,31
NiM=5 X=-17 ¥=24.56
NUM=€¢ X=0 Y=0
NUM=7 X=0 Y¥=1.,395
NUM=8 X=0 V¥=20.92
NOM=9% X=0 Y¥=22.31
NUM=10 X=0 Y=24,56
NUM=11 X=17 Y=0
NUM=12 X=17 7Y=1.395
NUM=13 X=17 7Y=20.92
NUM=14 X=17 Y¥=22.31
NUM=15 X=17 Y=24.56
NUM=16 X=-23.5 Y¥Y=24.56
NUOM=17 X=23.5 VY=24.56

RESTRAINT

NUM=1 DOF=U1,02
NUM=6 DOF=U1,U2
NUM=11 DOF=U1, U2

MATERIAL
NAME=Concrete TYPE=Concrete E=586.7E+3 W=0.15
SECTION
NAME=Coll TYPE=User_Defined MAT=Cconcrete I=2.101
NAME=Col2 TYPE=User Defined MAT=Concrete
NEME=Col3d TYPE=User_Defined MAT=Concrete
NAME=Beam TYPE=User Defined MAT=Concrete I=7.986
ELEMENT
WAME=LeftCol TYPE=Elastic Beam Column SEC=Coll

NAME=CentCol TYPE=Elastic_Beam_Column SEC=Col2
NAME=RtCol TYPE=Elastic_Beam Column SEC=Col3

NAME=CapBeam TYPE=Elastic_Beam Column SEC=Beam

NAME=Rigid TYPE-Rigid Link

HINGE
NAME=Hingel TYPE=Interaction_Hinge

DATA P=-933.1 M=.1lE-9
DATA P=-B09.2 M=182
DATA P=-312 M=907.6
DATA P=15.17 M=1342
DATA P=133.2 M=14B0
DATA P=299.4 M=1664
DATA P=496.7 M=1865
DRTA P=772.6 M=2134
DATA P=1174 M=2453
DATA P=1792 M=2832
DATA P=2891 M=3121
DATA FP=5041 M=2666
DATA P=7303 M=656.1
DATA P=B985 M=.1E-3

NAME=Hinge2 TYPE=Interaction_ Hinge

DATA P=-933.1 M=.1E-9
DATA P=-809.2 M=182
DATA P=-312 M=307.8
DATA P=19.7 M=1342
DATA P=133.2 M=14B80
DATA P=299.4 M=1664
DATA P=496.7 M=1869
DATA P=772.6 M=2134
DATA P=1174 M=2453
DATA P=1732 M=2832
DATA P=2891 M=3121
DATA FP=5041 M=2666
DATA P=7903 M=656.1
DATAR P=8985 M=.1E-9

NAME=Hinge3 TYPE=Interaction Hinge ROTCAP=57.46E-3

DATA P=-933.1 M=,1E-9
DATR P=-809.2 M=182
DATA P=-312 M=307.6
DATA P=19.17 M=1342
DATA P=133.2 M=1480
DATA P=299.4 M=1664
DATA P=496.7 M=186%
DATA P=772.6 M=2134
DATA P=1174 M=2453
DATA P=1792 M=2832
DATA F=2831 M=312Z1

I1=2.28 A=9.618

ROTCAP=59.99E-3

ROTCAF=58.72E-3 CLIMIT=89B5

A=3.618

A=18 DESCRIPTION=Cracked beam

CLIMIT=8385 TLIMIT=-%33.1 PU=85%85

TLIMIT=-333.1 PU=8985

CLIMIT=8%85 TLIMIT=-933.1 PU=8385

DESCRIPTION=Cracked left column
DESCRIPTION=Cracked center column
I=2.442 A=9%.618 DESCRIPTION=Cracked right cclumn

HINGE_MODE=2

HINGE_MODE=2

HINGE_MODE=2

Page: 1
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File: Editl 3/14/2006

. 12:55:04PM

DATA P=5041
DATA P=7303
DATA P=8%85

M=2666
M=656.1
M=_1E-9

MEMBER
NUM=1 ELEM=LeftCol INODE=1 JNCDE=2
NUM=2 ELEM=LeftCol INODE=2 JNCDE=3
NUM=3 ELEM=LeftCocl INODE=3 JNCDE=4 IHINGE=Hingel
NUM=4 ELEM=Rigid INODE=4 JNODE=5
NUM=5 ELEM=CentCol IMNODE=6 JNCDE=7
NUM=6 ELEM=CentCol INODE=7 JNODE=8
NUM=7 ELEM=CentCol INODE=8 JNODE=3 IHINGE=Hinge2
NUM=8 ELEM=Rigid INODE=9 JNODE=10
NUM=9 ELEM=RtCol INODE=11l JNODE=12
NUM=10 ELEM=RtCol INODE=12 JNODE=13
NUM=11 ELEM=RtCol INODE=13 JNODE=14 IHINGE=Hinge3
NUM=12 ELEM=Rigid IMODE=14 JNWODE=15
NUM=13 ELEM=CapBeam INCDE=16 JNODE=5
NUM=14 ELEM=CapBeam INODE=5 JMNODE=10
NUM=15 ELEM=CapBeam INODE=10 JNODE=15
NUM=16 ELEM=CapBeam INCDE=15 JNODE=17

NAME=Lcadl TYPE=Dead Load
MEMDATA NUM=13 IY=-30.64 JY¥=-30,64
MEMDATA NUM=14 IY¥=-30.64 JY=-30.64
MEMDATA NUM=15 IY=-30.64 JY¥=-30.64
MEMDATA NUM=16 IY=-30.64 JY=-30.64
NAME=Load2 TYPE=-Push_Load
NODEDATA NUM=16 X=10

COMBO
NAME=Combol
LOAD=Loadl SF=1
LORD=Load2 G&F=1
GRIDLINES

PROJECT_PROPERTIES
JOB_NAME=A7029

END

Page: 2



. D. Kemna
CAPP Analysis Report e
Loading Name: Combol 3/14/2006
Report Type: Push Over Analysis Summary AT029
Comments: Page _of
Model Details:
Nmber of Members/Nodes: 16 Members, 17 Nodes
Overall Width: 47 fi
Overall Height: 24.56 ft
Loading Details: 1!
Non-Push Load Combo: 1(Loadl)
Push Load Case: Load2
Num. Loads in Push Case: 1 in X Dir.,0in Y Dir.
P-Delta Effects Included: Yes
Termination Details:
Analysis Termination: Cap. Reached in Mem. 7
Member Element Type: CentCol - Beam Column
Termination Cause: Interact. Hinge - Hinge2
Hinge?2 : 58.72E-3 rad
Last Hinge Moment: 1878 kips-ft
Mem. Drift at Termination:  0.107%
Analysis Results:
Critical Node (Node Shown): 16 Total X Push Load - kips
Number of Events: 15 250
First X Yield Push Load: 227.3 kips 200
Max X Push Load: 244.6 kips
Last X Push Load: 163.6 kips 150
X First Yield Displacement: 0.2554 ft
X Ultimate Displacement:  (1.478 ft = A s 1m
Area Under Push-Disp Curve: 2§Q;j@%-ft ) -
Effective Yield Disp: Q2764 1t A,
Effective Yield Push Load: 246, kips 4
Bif System Ductility: 5.349 042 00 02 04 06 _ 08 10 12 14 146
Node 16 X Displacement - fi
Eff Elastic Stiffness: 889.6 kips/ft
Eff Plastic Stiffness: 68.57 kips/ft it PaghEondve. Noie 16
Bilinear Harding Slope: -1.709 % —=— Push Over Bilineatization
Over Strength Factor: 0.6649 I
\ 4 e W 3.1 B ._ o _ " ‘k
A =30 DM - s N A = J2F s




ATOR4

PLATE GIRDER

Line Girder : Rating Output

Case Data - PLATE GIRDER

AASHTO Specification

Case Data

Load and Resistance Factor Method
3rd Edition LRFD Bridge Design Specifications

2006 Interims

3rd Edition Append. A and B compactness and moment shifting

Dimensions (additiconal information available in Dimensions table)

Given dimensions-

Web Depth
Web Thickness

Bearing Stiff.
Bearing Stiff.

Execution Mode
Rate Mode
Geometry
Brace locations
0.00 ft
80.39 ft

164.39 ft
248.00 ft

Unbraced length of comp. flange at support 2 is

Cover plates

No cover plates

Curvature
No curvature

Flange splices

Top flange splice locations

86.00 ft

Width
Thickness

20.39 ft
100.39 ft
184.395 ft

162.00 ft

60.00 in
0.75 in
8.00 in
0.88 in

40.39 ft
124.00 ft
204.39 ft

Bottom flange splice locations

86.00 ft
Girder Type

Plate girder

Interior girder

Hinges

162.00 ft

No interior hinges

Span lengths
Spans

Stiffeners

Bearing stiffeners

124,00 ft

Single bearing stiffeners each side

60.00 in 60.00
D.75 4n 0.75
12.00 in 8.00
125 dn 0.88
60.39 ft
144 .39 ft
224.39 ft
23.61 ft.

124.00 ft

in
in
in
in



Longitudinal stiffeners
No longitudinal stiffener
Transverse stiffeners
No transverse stiffeners
Web haunches
No web haunches

Web splices

Web splice locations 86.00 ft 162.00 ft
Fatigue
Average Single Lane Daily Truck Traffic: 3200
AWS minimum welds
Fatigue life: 75
Fatigue stress category B flange splices
Loading
Composite region for compogite loading- 0. - 248.00 ft
Reaction skew from tangent in degrees
30.00 30.00 30.00
Lane fraction T6r Strength-limit-state——— e Efo g é // }é?
~Shear 1.0000 1.0000 1.0000 1.0000 1.0000 ™\ Cj ane .Q&\_Cé'ﬁam_{
{ 1.0000 1.0000 1.0000 1.0000 1.0000 -
\“xhh_ 1.0000 1.0000 1.0000 1.0000 1.000
1.0000 1.0000 1.0000 1.0000_.2<0000
o1
Moment 0.8000 0.8000 0.8000 0.8000 0.8000
0.8000 0.8000 0.8000 0.8000 0.8000
0.8000 0.8000 0.8000 0.8000 0.8000
0.8000 0.8000 0.8000 0.8000 0.8000
0.8000
Lane fraction for fatigue limit state
Shear 0.6000 0.6000 0.6000 0.6000 0.6000
0.6000 ©0.6000 0.6000 0.6000 0.6000
0.6000 0.6000 0.6000 0.6000 0.6000
0.6000 0.6000 0.6000 0.6000 0.6000
0.6000
Moment 0.6000 0.6000 0.6000 0.6000 0.6000
0.6000 0.6000 0.6000 0.6000 0.6000
0.6000 ©0.6000 0.6000 0.6000 0.6000
0.6000 0.6000 0.6000 0.6000 0.6000
0.6000
Lane fraction for live-load deflection
0.5000
Loaded lanes 4

Influence lines not displayed
Unshored construction
Tenth pt values of distributed dead load carried by steel alone
1.38 k/ft 1.38 k/ft 1.38 k/ft 1.38 k/ft 1.38 k/ft
1.38 k/ft 1.38 k/ft 1.54 k/ft 1.54 k/ft 1.54 k/ft
1.54 k/ft 1.54 k/ft 1.54 k/ft 1.54 k/ft 1.38 k/ft
1.38 k/ft 1.38 k/ft 1.38 k/ft 1.38 k/ft 1.38 k/ft
1.38 k/ft
Steel wt in addition to cross section included in dist dead load
0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft
0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft
0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft
0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft 0.100 k/ft
0.100 k/ft
Superimposed dead load

0.14 k/ft 0.14 k/ft 0.14 k/ft 0.14 k
0.14 k/ft 0.14 k/ft 0.14 k/ft 0.14 k
0.14 k/ft 0.14 k/ft 0.14 k/ft 0.14 k
0.14 k/ft 0.14 k/ft 0.14 k/ft 0.14 k
0.14 k/ft 0.14 k/ft 0.14 k/ft 0.14 k

0.14 k/ft



Wearing surface dead load

Load Factors

DC1,DC2 1.250
DW 1.500
HLS93 LL+I 127590
Load Modifiers
Ductility
Redundancy
Operational Importance
Reactions
Max unfactored live load:
120.73 k 40.40 k

<o
.31
.31
31
.31

k/ft
k/ft
k/ft
k/ft
k/ft
k/ft

k/ft
k/ft
k/ftc
k/ft
k/ft

[ofaReNo e
(= o Mo N =]

0.95
0.95
1.05

act reactions
120.69 k

Min unfactored live load+im reactions

-15.48 k 0.00 k

Max unfactored live actigns - No
99.26 k 03.36 99,
Min unfactored 11 gactions - No

-13.00 k 0.00 k
Total unfactored dea ad
66.14 k
Total unfactored ded
13.71 k 8.9
Bearing angle from tangent
90.00 S0.00
Material
Concrete

Concrete strength

Unit wt of concrete

Slab T for strength

Effective slab width

Neg mom rebar area
0.00 in2

-15.50 k
dynamic load allowance
23 k
dynamic load allowance
01 k
reactions
.14 k
W reactions
13.71 k
to web in degrees
90.00

=13

4.00 kei
150. lb/cu ft
8.00 in
97.00 in

8.00 in

Rebar placement from bottom of slab

4.00 in
Negative mom. slab used in
Fillet
Effective slab width
Self weight slab width

Steel
Web splice section 1
Steel grade
Web splice section 2
Steel grade
Web splice section 3

Steel grade
Rebar yield

Output

Standard resolution summary

Units

Input units: U.S. cust.
Output units: U.S. cust.

dead load 2 analysis
2.50 in
97.00 in

104.50 in

M270-50W
M270-50W

M270-50W
60.00 ksi

tables

.31 kKifE 0.31 k
0.31 k/ft 0.31 k
0.31 k/ft 0.31 k
0.31 k/ft 0.31 k
0.31 k/ft 0.31 k

Gf\/‘c]ew/ j,
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PROGRAM: RC-PIER® v4.1.0 LEAP Software Inc., Tampa, Florida | BY DATE Sept/19/2005
PHONE : TOLL-FREE 1-800-451-5327 TAMPA AREA: 813-985-8170 | CRD. DATE
PROJECT: Bent 2 (52-53' P/S-I)
ISOLATED FOOTING DESIGN
Code: AASHTO LRFD (3rd Edition) with 2005 Interims
Units: US
Geometry:
Name : PileFootl
Shape : Rectangular, Type : Pile/Shaft Cap
Bf(X) = 13.50 ft, Bf(Z) = 13.50 ft, Thickness(Y) = 54.00 in
Footing concentric.
Columns located on the footing:
Column No. 1 at x = 0.00 ft, Round D = 42.00 in
Ag = 182.25 ft*2, Ix = 150.00 ft*2, Iz = 150.00 £ft*2
Surcharge = 0.72 ksf
Plles: Circular Size: 14.00 in Capacity: 120.00 kips
Pile Pattern Name: 13 x 13 (9 piles)
Pile Pattern concentric.
Pile Pattern Type: General
Number of Piles: 9
Design Parameters:
EsEsECEEDEsSREEE SRS f'le = 3000.00 p!‘i fy = 60000.00 p’i
phl flex = 0.90 phi shear = 0.90
Ec = 3156.0 k=i Eg = 29000.0 ksi \
Crack check as per 2005 Interims % o\ 5
Crack control Exposure = 1.00 g :
Concrete Type : Normal Welght. (o

Pile Reactions, Service: O\gQ (
pile Loc(X) X A et LT Column Loads ----=--==-=a--a- | Pile Reac.
£t in in comb Oovs P, kips Mxx, kft Mzz, kft kips
1 -5.05 21.0 -60.0 824 1.000 -919.51 -571.30 230.30 155.60*
889  1.000  -497.37 571.30  -291.34 53.93 564 _1.5!
2 =-0.05 81.0 -60.0 798 1.000 -881.43 -795.38 -5p0.18 153. /0
852  1.000  -522.58 795.38 9.24 _ Ao
3 4.95 141.0 -60.0 798 1.000 -891.43 -795.38 -50.18 é.\
871 1.000 -527.25 785.38 30.07 .20
4 -5.05 21.0 0.0 824 1.000 -919.51 -571.30 230.30 136.56*
889 1.000 -497.37 571.30 -291.34 72.97
5 -0.05 81.0 0.0 824 1.000 -919.51 -571.30 230.30 130.42* SQ:JW* (
878 1.000 -494.51 571.30 -271.24 83.1%
6 4.95 141.0 0.0 668 1.000 -870.60 571.30 -258.79 135.06* 142 6-?
1053 1.000 -548.09 -571.30 238.68 82.10 — '
7 =5.05 21.0 60.0 642 1.000 -898.67 795.38 21.70 153.84* -—_—g_ho =0
1019 1.000 -518.21 -795.38 -82.73 55.69 1
8 =-0.05 81.0 60.0 642 1.000 -898.67 785.38 21.70 154.61* z ET /.1 :
1008  1.000  -515.34  -795.38 -62.63 59.00 [([PleSCic
abor & X J*Z,
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MoDOT PHONE : 573-526-4435 | SHEET 2 OF 4
105 W. Capital Jefferson City, MO 65102 | JOB NO. A5504
PROGRAM: RC-PIER® v4.1.0 LEAP Software Inc., Tampa, Florida | BY DATE Sept/19/2005
PHONE : TOLL-FREE 1-800-451-5327 TAMPA AREA: 813-985-9170 } CKD. DATE

PROJECT: Bent 2 (52-53' P/8-I)
L) 4.95 141.0 60.0 642 1.000 -898.67 785.38 21.70 155.39*
1027 1.000 -520.01 -795.38 -41.80 61.77

Pile Reactions, Factored:

Pile Loc(X) X A ettt Column Loads ---------m-eacno | Pile Reac.
ft in in comb ovs P, kips Mxx, kft  Mzz, kft kips

1 -5.05 21.0 -60.0 27 —— -1294.90 -880.34 119.49 211.82
170 -—— -450.41 880.34 -201.43 50.00

2 -0.05 81.0 -60.0 27 -—— ~-1294.90 -880.34 119.49 209.99
159 -—— -445.39 880.34 -166.27 56.91

3 4.95 141.0 -60.0 27 -——— ~-1294.90 -880.34 119.49 208.17
221 -— -507.68 660.12 300.17 62.01

4 -5.05 21.0 0.0 27 - -1294.90 -880.34 119.49 182.47
222 —— -434,.35 27.28 -436.09 69.77

5 -0.05 81.0 0.0 27 —— -1294.90 -880.34 119.49 180.65
222 -——— -434.35 27.28 -436.09 85.03

6 4.95 141.0 0.0 1 -——— -1267.80 880.34 -149.45 184.73
224 ——- -517.33 -27.28 404.47 81.63

7 =-5.05 21.0 60.0 x - -1267.80 880.34 -149.45 199.89
223 - -444.01 -660.12 -331.78 52.30

8 -0.05 81.0 60.0 1 -—— -1267.80 880.34 -149.45 206.98
185 -—— ~-472.49 -880.34 102.67 59.92

9 4.95 141.0 60.0 1 - -1267.80 880.34 -149.45 214.07
204 -——— -480.65 -880.34 139.12 56.99

Note:

#* Force in plle is greater than pile capacity.

Only max. force in pililes is considered for designm.

Pile coordinates X and Z are from the most left edge of the footing.
Max. Plle Reaction Used in Design: (without selfweight and surcharge)
EE R P P ]

Factored pile reaction = 177.31 kips

Service pile reaction = 128.72 kips

Fatigue pile reaction = 47.45 kips

Reinforcement Schedule:

Dir Quantity Size Bar dist. As total Spacing Hook

in in*2 in
X 15 # 8 4.50 11.85 10.93 None
X 9 # 8 49.50 7.11 19.13 None
Z 15 # 8 5.50 11.85 10.93 None
Z 9 ¥ 8 48.50 7.11 19.13 None
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PROJECT: Bent 2 (52-53' P/S-I)

Flexure:
Dir Loc d Mmax Comb Asb req Asb prv Asb eff Ast req Aast prv Ast eff
ft in kft in*2 in*2 in*2 in*2 in*2 in*2
X -1.55 49.50 1861.2 1 11.30 11.85 11.85 6.56 7.11 7.11
X 1.55 49.50 1808.0 1 10.97 11.85 11.85 6.56 7.11 7.11
Z -1.55 48.50 1834.6 1 11.37 11.85 11.85 6.56 7.11 7.11
z 1.55 48.50 1834.6 1 11.37 11.85 11.85 6.56 7.11 7.11

Cracking/Fatigue
Cracking check as per AASHTO LRFD 3rd Edition with Interims (2005)
€= - Cracking ----=------ > €-==-==-=--- Patigue ---=--=--- >
Dir Loc d Mmax  Comb fs Srqg Spr Mmax Comb fs ratio fs
ft in kft kai in in kft ksl
X -1.55 49.50 1351.2 798 29.16 12.2 10.6 498.1 1059 10.75 0.57
X 1.55 49.50 1312.6 798 28.32 12.9 10.6 483.8 1058 10.44 0.55
z -1.55 48.50 1331.9 798 29.37 9.5 10.6* 491.0 1059 10.82 0.57
Z 1.55 48.50 1331.9 798 29.37 9.5 10.6* 491.0 1059 10.82 0.57

Note:
* Provided rebar spacing is not adequate for crack control.

One Way Shear:

(Simplified Method)

Col Dir Dist Comb dv Vu phi*Ve
ft in kips kips

1 X -5.65 1 49.15 0.0 785.0
X 5.65 1 49.18 0.0 785.5

4 -5.56 1 48.14 0.0 768.9

Z 5.56 1 48.14 ag.0 768.9

Two Way Shear:

# Bo Ao Comb Avg. dv Vu phi*ve
ft ft*2 in kips kips

Columnsg:
1 23.73 44.82 1 48.65 1418.4 2721.7

Piles - max:

5 16.40 21.41 1 48.65 177.3 1881.0
Piles - min:
1 7.60 17.55 1 48.65 177.3 871.6
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PROJECT: Bent 2 (52-53' P/S-I)

Note:
TWO WAY SHEAR IN FOOTING IS NOT DESIGNED AND STIRRUPS ARE NOT CONSIDERED.
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