AASHTO T-3 TRIAL DESIGN BRIDGE DESCRIPTION

State: Arkansas

Trial Design Designation: AR-2 (100566 Arkansas #2)

Bridge Name: Mud Slough Ditch

Superstructure Type: 90’ Continuous Composite W-Beam Unit

Span Length(s): 28— 34’ 28’

Substructure Type: Trestle Pile Bent

Foundation: Steel Shell Friction Piles

Abutments: Integral Pile Bent

Seismic Design Category (SDC): “D”

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

Design Spectral Acceleration at 1-second Period (Sp1): 0.533g

Additional Description (Optional):




P. TERRY E.L
9/22/2006

Arkansas Highway and Transportation Department

MUD SLOUGH DITCH
Seismic Design
with
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Analysis Summary: Mud Slough Ditch

Comparison of Design Parameters - Mud Slough Ditch

Parameter Current LRFD Specification Proposed LRFD Guidelines
Seismic Classification Zone 3 SDCD
Importance Category Other Life Safety

Expected yield stress of . .

reinforcing 75 ksi 66 ksi (8.4.2)

Expected compressive 4.5 ksi 5 ksi (8.4.4)

concrete strength

R-factor for columns

3.5 (multi-column bent)

1.8 forSDCD (4.3.3) *

Comparison of Results - Mud Slough Ditch

Result Current LRFD Specification Proposed LRFD Guidelines
Elastic bent force . :
(transverse) 141 kips 302 kips
Elastic bent force . .
(longitudinal) 134 kips 281 kips

Bent displacement
demand (transverse)

1.72inches (R=3.5)

1.88 inches (R=1.8%*)

Bent displacement
demand (longitudinal)

1.81inches (R=3.5)

2.01inches (R=1.8%*)

Bent displacement

4.53 inches (implicit)

reinforcement

capacity (transverse) N/A 18.45 inches (pushover)
Bent displacement N/A 7.42 inches (implicit)

capacity (longitudinal) 44.61 inches (pushover)

Elastic abutment force . .
(transverse) 404 kips 866 Kips

Elastic abutment force . .
(longitudinal) 546 kips 1136 kips
Column spiral Steel Shell Pile Steel Shell Pile

Superstructure to bent
connection force

* Ry based on R from "SDC C", since the "SDC D" R is less stringent.

No change in reinforcement. The current bridge was conservatively designed.
Reinforcement hooks do not count for development length. This may change some details.
Assuming no liquefaction, steel shell piles are at plastic capacity limit. See page 90.
Increased earthquake magnitude causes serious liquefaction concerns. See page 59.
Approach slabs are required by the new guidelines for this bridge. See page 94.
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Step :ﬁ“

Introduction - START.
¢

—_ o . "
The seismic clesign of "Mud SDC';C’D J /
“ . . o “
Slauah. Ditch s _divided into SEISMIC DESIGN PROPORTIONING
~ AND ARTICULATION

I _steps. .. Jhich_are. 5}10%&)!\ G ; RECOMMENDATIONS
¥ 4 SECTION 4.1

_this and the ’f’b&w}in% sheets,, 1 2

DETERMINE ANALYSIS PROCEDURE
SECTION 4.2

SDC D 3 3
CONSIDER VERTICAL
GROUND MOTION EFFECTS
SECTION 4.7.2

SELECT HORIZONTAL AXES I
FOR GROUND MOTIONS
SECTION 4.3.1
v 5
DAMPING CONSIDERATION,
SECTION 4.3.2
SHORT PERIOD STRUCTURES

CONSIDERATION
SECTION 433

v o

DETERMINE SEISMIC DISPLACEMENT See next She@t
DEMANDS

COMBINE ORTHOGONAL DISPLACEMENTS
(i.e., LOADS CASES 1 & 2)
SECTION 4.4

NO

7

SDC B OR C DETERMINE A,. YES
(See Figure 1.3D) . SDCBorC

NO 8

SDC D, DETERMINE A, - PUSHOVER
SECTION 4.8
GLOBAL STRUCTURE
DISPLACEMENT REQUIREMENT
A.>A,

SECTION 4.3
v /0

P—-A CAPACITY REQUIREMENT
SECTION 4.11.5

T 1/

MEMBER/COMPONENT

‘ ‘ PERFORMA REQUIREMENT
i Sef Figures 1.3F & 1.3G

FIGURE 1.3C: Design Procedure Flow Chart C J

i
|

NCHRP 20-7(193) Task 12 1-9
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From Chart (. 5‘@@ b
¥

DETERMINE SEISMIC DISPLACEMENT
DEMANDS FOR SDCB, C, D

DEFINE BRIDGE ERS

SECTION 5.1.1
SECTION 3.3

<

y
SELECT ANALYSIS PROCEDURE 1
SECTION 5.4.2
SELECT ANALYSIS PROCEDURE 2

5 SECTION 5.4.3

SELECT ANALYSIS PROCEDURE 3
SECTION 5.44

v

SATISFY MODELING REQUIREMENTS
SECTION 5.1

f’f(r

i ) SATISFY MATHEMATICAL MODELING
! REQUIREMENTS FOR PROCEDURE 2
I SECTION 5.5

ABUTMENT MODELING
SECTION 5.2

v

FOUNDATION MODELING
SECTION 5.3

EFFECTIVE SECTION PROPERTIES
SECTION 5.6

¥

CONDUCT DEMAND ANALYSIS
SECTION 5.1.2

A 4
DETERMINE DISPLACEMENT

DEMANDS ALONG
MEMBER LOCAL AXIS

RETURN TO

To Chat C, Sﬁep 7

COMBINE OTHOGONAL
DISPLACEMENTS
See Figure 1.3C

FIGURE 1.3E: Design Procedure Flow Chart E

! NCHRP 20-7(193) Task 12 111
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Mud Slough Ditch

From Chart C . Step 1]

Note:
1) Type 1 considers concrete substructure

2) Type 1* considers steel substructure

TYPE1 3) Type 1** considers concrete filled steel pipes
substructure
| J - ! } |
TYPE 1* TYPE 1 S
DUCTILE MOMENT RESISTING * DUCTILE SUBSTRUCTURE
FRAMES AND SINGLE COLUMN + ESSENTIALLY ELASTIC CONC‘;S?S:;‘C”C‘E&%TI‘;:EL PIPES
' STRUCTURES FOR SDC C AND D SUPERSTRUCTURE ‘
COLUMN REQUIREMNTS SATISFY MEMBER DUCTILITY COMBINED AXIAL COMPRESSION
FOR SDC C AND D REQUIREMENTS FOR SDC D AND FLEXURE
] SECTION 7.5.1 SECTION 4.9 SECTION 7.6.1
BEAM REQUIREMNTS DETERMINE FLEXURE AND
; FOR SDC C AND D SHEAR DEMANDS FLEXURAL STRENGTH
" SECTION 7.5.2 SECTION 8.3 SECTION 7.6.2
SATISFY REQUIREMENTS FOR Y
PANEL ZONES AND CONNECTIONS | | - \pAcrTY PROTECTED MEMBERS BEAMS AND CONNECTIONS
FORSDCCANDD
FOR SDC C AND D SECTION7.63
ks SECTION 7.53 SECTION 8.9 o

y
SATISFY REQUIREMENTS FOR
- DUCTILE MEMBERS DESIGN

FOR SDC CAND D
SECTIONS.7

Y.

SATISFY LONGITUDINAL AND
LATERAL REINFORCEMENT
REQUIREMENTS
SECTIONS.8

’

SUPERSTRUCTURE DESIGN FOR
LONGITUDINAL DIRECTION
FORSDC CAND D
SECTION 8.10

i’

A
SUPERSTRUCTURE DESIGN FOR
TRANSVERSE DIRECTION
INTEGRAL BENT CAPS
FOR SDC CANDD
SECTION 8.11
NON-INTEGRAL BENT CAP
FORSDC CANDD
SECTION 8.12

i

SUPERSTRUCTURE JOINT DESIGN
FORSDC C ANDD
SECTION 8.13

¥
COLUMN FLARES FOR SDC C AND D
SECTION 8.14
COLUMN SHEAR KEY DESIGN

FOR SDC CANDD
SECTION 8.15

CONCRETE PILES

FOR SDC C AND D
SECTION 8.16

SATISFY SUPPORT SEAT WIDTH
REQUIREMENTS

S Fig‘ure 1.3D

\ 4

A

FIGURE 1.3F: Design Procedure Flow Chart F

NCHRP 20-7(193) Task 12 1-12
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From Chack F (Dt of Chark €, Step ).

¥

SDCBorC
DETERMINE AC

SECTION 4.8

Y

RETURN TO SDCD
DETERMINE A c - PUSHOVER
See Figure 1.3C

A

SEAT WIDTH
SECTION 4.12

SHEARKEY
SECTION 4.14

SATISFY SUPPORT REQUIREMENTS

v

FOUNDATION INVESTIGATION

SECTION 6.2

v

SPREAD FOOTING DESIGN

SECTION 6.3

v

PILE CAP FOUNDATION DESIGN

SECTION 6.4

¥

DRILLED SHAFT
SECTION 6.5

v

ABUTMENT DESIGN
SECTION 6.7

v

DESIGN COMPLETE

FIGURE 1.3D: Design Procedure Flow Chart D

NCHRP 20-7(193) Task 12



Seismic Evaluation of 100566

Eeatures

90' Three Span Continuous Spans (28' - 34' - 28)

No Skew

Composite W-Beam

Trestle Pile Bent (9 Columns)

Integral Pile Abutment

Steel Shell Piles

Jointless w/ Elasto Bearings @ Int. Bents

Existing Bridge located at Lat. = 36.0503 Long. =-90.3689

Old plans (2003 AASHTO) used A=0.226 which is Seismic Zone 3.

New Seismic Guidelines

Soil borings indicate the average blowcount for the top 100' of soil is 22, which is Site Class D
(Guidelines Table 3.4.2-1).

With location and site class D known, the new guidelines software gives:

Spg = 1.204 Spj := 0.533

Since S, > 0.5, the bridge is SDC D (Table 3.5.1). The design requirements are as follows:

SDCG D
a. ldentification of ERS

b. Demand Analysis

c. Displacement Capacity required using Pushover Analysis (check P-A and seat width)
d. Capacity Design required including column shear requirement

e. SDC D level of detailing

Extreme Event 1 allows the designer to pick the gravity live load associated with an earthquake.
For this project no live load will be assumed present during an earthquake.

See next page for a spectral analysis.

19



Design Spectrum for Savs. T
5% Damping '

Conterminous 48 States G40 #4504
Latitude = 36.0503 deg Longitude = -90.368900 deg 6,00 1.204
Site Class D Fa=1.04 Fv=1.81 : .28 1203
1.4 #44 4,208
1.2 080 B.66¢
1440 #53%
] 120 d44
g 10 140] .58
= 1400 0338

E P
o 0.8 1480 $.28¢
§ 200]  0.26¢
< 06| 220 824
LA 240) o2x
2 0.4 2468 §.204
o 240 Gt
146 #A71
0.2 1.20] . 0.16¢
140 #4584
0.0 340 G448
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 350 FRE
Period, sec 406] 8431

Spechum A= A-o43

Mae wlomalion. and de hniReny e *W,Qmﬂﬁ mechanisn_

1 " ’T;:

" n MW
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Sectional Property Input for Seisab .
kip := 10001b

Ki
ksi 1= ~2
.2
n
MATERIALS we = 0.145 weight of concrete in kip/ft3
. S, ki
£, span:= 4 Ee_span = 33000-we £ span "~ -ksi Be_span = 5248 x 10° <2
&2
i
fo subi= 3.5 Be_sub i= 33000-wg ;g -ksi Ee_sub = 4909 % 10° ~2
&2
1.5 0.5, . 5 kip
fc_pﬂes = 3.5 Ec_piles = 33000‘Wc 'fC__pileS 'kSI Ec—pﬂes = 4.909X 10 —é'
ft
. . 6 kip
fs := 60ksi Eg := 29000ksi Eg=4.176 x 10 ——5
ft
vi=02 Poisson's ratio for steel is about 0.3 and for concrete 0.15. For concrete

and steel compositely | will use 0.2.

21



Sectional Properties of SPAN for Seisab

l l- } it
' a2 I
T [ [ I [ [ [ I T~
| girder spacing =9'
ES . . . .
n:= n = 7.958 n is about 8. For calculating sectional poperties, the
E¢ span concrete will be converted into steel by dividing its area
by 8. The concrete centroid is still in the same position.
Steel Beam (W24x68): Ap = 20.1in2 To find the composite properties of the
span, most properties must be multiplied
dp := 23.75in by the number of beams, 9.
. 4
Ixop := 1830in
Iyop = 7().4in4
Concrete Deck: dq:= 8in Aq:= (78ft + 2in)8in
n
Element Area Moment Arm:(y) Ay. , Ay2 Ixo.
dp 2
Deck Agq MAyq := Y + 4in Ayyq = Ag-MAyq
(78ft + 2in)-dg°
Ayq = Ag-MAyy Ixoq = ——————
12n
Beams 9-Ap MAyyp, := 0in Ayp = Oin’ Ayyp = oin” 9-Ixoy,
Total A= Ag + 9-Ayp Ayi = Ayq + Ayp Ixo; := Ixoq + 9-Ixoy,
MAy; := MAyy + MAyy Ayyi = Ayyq + Ayyp

22



Iy := Ixof + Ayyy Iys = 2.591 x 105 in4 About centroid of the steel section.
. ) . _ Ayt .
Distance to centroid of composite section: Ay = — Ay = 13.32in
Agx
The centroid is in the concrete dp

deck since Ay > d /2. Yoot = 77+ Ay Ybot =25.195in

Yiop 18 the distance from the top . Yiop = dp + dd = Yoot ¥t = 6555 in
of the concrete deck to the centroid. o
2 4. 4 e st
Iy == Lk — A Ay Ix=5975x 10 in Be= Ik T33s =2:881 1t
Element  Area MomentArm Ax Ax2 ' Iyo
Deck Ad MAxq := Oin Axxq = AgMAxs
dg- (781t + 2in)°
Axq = Ag-MAxq Iyoq i= —mm
12n
. .3 . 4
Beam Ap MAXxp := Oin Axp, = Oin Axxp := 0in Iyop
Beam A 24 MAxpa = 9ft Axpp = Oin3 AxxpA = 2-Ab-MAXbA2 2-Iyoy,
Beam B 2Ay MAxpp := 18ft AXpp = 0in’ Axxpp = 2-Ab-MAxb32 2-Tyop,
Beam C 24y MAxpc = 271t Axpe = Oin3 Axxpc = 2-Ab-MAbe2 2-Iyop
Beam D 2Ay MAxpp = 36ft Axpp = Oin3 AXxXpp = Z’Ab‘MAXsz 2-Tyop
Total Aty = Ag + 9-Ap

MAx¢ == MAx4 + MAxp + MAxpA + MAxpB + MAxpc + MAXpD

23



Axpi= Axg+ Axp + AxpA + AXpp + Axpc + AXpD Axg=0in>

Axxi:= Axxqd + AXXp + AXXpA + AXXpB + AXXpC + AXxpp  Axxg = 1.407 x 107 in4

Iyot := Iyoq + 9lyop Iyot = 6.914 x 107 in4
7.4 3.4
Iy = Iyog + Axxq Iy =8.321x 10 in bhos=1y Tons :4;013»( 100 #
(78ft + 2in)-dg° o
Jim e J=1601x 10°in* Tsi=T I = 7728
SPAN WEIGHT
e Ib
parapetpp, := 5.2-—:| 150-— |-90ft parapetpy, = 70.2kip
ft 3
ft
. 1b . ’
diaphragmpy, = 9-(9-t-8)-20.7 -E diaphragmpy, = 13.414 kip
labpy, == (78ft + 2in)-(8i 150£ 90ft
siabpy, == ( + ln)'( ln) ﬁ3 : SlabDL - 703.5kip
. kip .
fwspy, = 2m-75ft~90ﬁ-0.144—3— fwspr, = 162 kip
ft
kip .
steelpy, = 0.068—ﬁ--9~90ft steelpy, = 55.08kip
totalpy, ;= parapetpy, + diaphragmpy, + slabpy, + fwspp, + steelpy, totalpy, = 1.004 x 103 kip

The load input in seisab is most logical if a deck cross section area is entered and then misc loads
are accounted for in the density of the deck.

Adeck := Ad + 9-Ap Adeck = 7.805 2 Area of the deck and beams, with material
stiffness transformed to steel.
totalpy, kip )
Densityspan := ————— Densityspan = 1.43 — Replaces concrete weight of 0.15kcf

24



Elastic Section Properties of an 18" Pipe (Use for Seisab)

t=0375"
i Assume a 1/16" reduction in wall
S thickness for corrosion.
. 1, .
d:= 18in - 2(—111) d=17.875in
18" 16
1
t = 0.4375in — Ein t=0.375in
dip:=d -2t djp = 17.125in
4
d 4 din
"z "7 3.4
Isteel := - ‘n Istee] = 6.284 x 107 in
4 4
4
%)
n. o———
2 3.4
Iconc = _—"'Z"— Iconc = 4.222 X 10 m

See Guidelines C7.6 for the combined moment of inertia formula, p. 7-18. Also LRFD 6.9.5.

' , ok

Itotal := Isteel + 0-4lconc Ipop = Itotal I33p = Ifotal Ipop =10.384 ft
Apipe =T 4n Apipe = 164.067 in Modified by n to change steel

2 properties to concrete.

2
din 2

Aconc = T ’2— : Aconc =230.33in
Atotal == Apipe + Aconc Atotal = 27397 With concrete stiffness.
J = 2-Trotal Itip=17 I11p = 0.7691t

25



Elevation of Bridge Components

Elevgyp = 245.26ft See Dwg. #47494
9.

Elevpearing = 245.26-ft + (5 + -l-g)-m Elevpearing = 245.724 ft

Elevpot == Eleveap — 3ft — 15ft Elevpot = 227.26 ft This is to the point of fixity, in
actuality the piles end at elevation
188ft.

Jointgoy = 1.5ft Top end joint size: ¢.g. of cap to start of column.

Elevapyt = Eleviop  Elevapyt = 248.454 ft The bridge is flat, so the abutment c.g. is the

same as a bent.
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Seisab Summary for Cross Section Properties

Span Adeck = 7.805 f2 Pile Atotal = 2.739 £
Axp:=0 Axp:=0
A33:=0 A33:=0

Torsion Ii1s=7.72 gt Torsion Iip = 0.769 "

4

Ios = 4.013 x 10° ft Ipgp = 03848

Iys = 2.881 I3z, = 03841t

Cracked Adeck = 7.805 ﬁz The new guidelines (section 5.6) specify that cracked section

Span properties should be used in a Seisab analysis. A simple
A= 0 recommendation is that 20% of torsional stiffness and 75% of
flexural stiffness can be relied upon. Since the pile is steel it
A33:=0 will not crack, and an analysis shows the cap uncracked.
Torsion It1s:= 0.2-1115 I11s=1.544 ft4
3.4
Inpg == 0.75-Ipog Ippg =3.009x 107 ft
s = 0.75L33¢ T3 = 2.161 i
2 ; 2
Cap Acap = 9ft SpeC|al Acap = 9ft
Cap
Azp:=0 App =0
A33:=0 A3z3:=0
Torsion I{1c:= 11.408ft" Torsion l1c=0
e = 6.75-10° 8" boei= 0
I33¢:= 6.75-1()3?[4 I33c:= 6.75ft4

Note on span. Since it is composite (steel beams with concrete deck) its area has been modified
so that it represents steel.

Note on pile. Since it is a steel tube filled with concrete, the steel tube area has been converted to
concrete.
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Abutment Stiffness and 16" Steel Shaft Pile Properties

The 16" steel shell pile properties and stiffness will be determined first. Then the geometry of the
abutment, its nine (9) piles and backwall will be combined to find total stiffness.

kip := 1000lb ksi = Kip N:=9 Number of Piles
in2

Eg

E; = 3372ksi Eg := 29000ksi n:= E— n=_856
C
ds
dg := 16in Ig = Py tg := 0.5in
g n-(rs — t )4

Lyfee] = 45 - 84 > Tytee] = 731.942in” I = oot Ts=6295x 10°in"

The steel moment of inertia is converted into an equivalent concrete moment of intertia so it can be
combined with the concrete that will fill the pipe.

4
T{rg—t
Iconc = (_84'_5)" Iconc = 2.485 X 103 in4
Liotal 1= Isc + 0.4-Ieonc Liotal = (’)_‘352»&4 See C7.6 for this type of formula, pg. 7-18
' Similar language also found in LRFD 6.9.5.
I3 = Tiotal 133 := Ttotal
Apipe = “‘rsz - 7"("s = ts)2 Apc = H'Apipe Apc = 209.393 in2
Aconc = 7 (15 ~ t5)’ Aconc = 176.715 in”
Atotal = Apc + Aconc Atotal = 386.108 in Aiqtal':‘z-»?‘slﬁ'
I:= Z‘Itotal J= 0703ft
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LATERAL STIFFNESS

The soil around the pile will be assumed to be a medium dense sand, with a soil reaction modulus
of 15 Ib/in3.

EI:= Egkotal  [EI=2458x 10" lbrin’

The value of El shown above is used in the chart for translational stiffness which yields:

Ib ki
kyp:= 751012 ks3 = Ky kg3 = 900 —ég
m .

The value of El shown above is used in the chart for rotation stiffness which yields:

Ibi kip-ft
Kmimi = 6.2-10%. ra;" Kinim] = 5.167 x 104—%5—

The value of El shown above is used in the chart for cross-coupling stiffness which yields:

1.2:10"-1b Km3m3 = 1.2 10" kip

Il

km3m3

[
=]

Kmom2 =

To find axial stiffness:

A = lin L:= 18.6ft The length is found during seismic step 1.
A-Agotal'E
prm —o ¢ P = 5.833 x 10° kip Poyi= —
L in

koo == Py Axial stiffness for one pile.
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Step 1 (vertical translation - group effect)

. 5kip
k2 1= kpo'N ks = 6.3 x 10‘5 ﬁ

Step 2 (lateral stiffness)

Determine Elastic Seismic Forces and Displacements

£ 15 ton 17361 1b The medium dense soil strength comes from the blue
e 3 fe=17. 3 example books no. 5, on page 3-43.
ft in
fo:= 15 L Use this conservative value of fe.
in3
1
5
Ec - Itotal
Tp:= ( : “’ta) T, = 69.645in
fe
Lp = 30ft Length of pile at the abutments.

L
L _5169 This value is needed for a chart on page 3-45 of the blue example book no. 5.
p

Fp = 225 The deflection coefficient is the same for L/T values between 5 and 10.
A = lin Set deflection at 1 inch

A'E 'It tal
pi= — % P = 32.336 kip

FA-Tp3

Therefore the translational stiffness for a single pile is:

kp = P Translational stiffness for one pile.
A

k) = kN kyq = 3.492% 10°
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Step 3 ( lateral stiffness - z translation )

| kip
k33 = kN ks3 = 3.492 x 103—;13

Step 4 (Torsional Resistance)

Torsional Resistance is dependant on pile layout. The torsional resistance of a single pile is
considered equal to zero.

n X lnng

O @ © O SO

s:= Oft beam spacing

2 2 2 2 2 2
kss = ka-zi + ko Xi kss = 2+ ky + 2:(28) ko + 2(39) kp + 2:(49) kg

n
Kip-ft
kss = 1.886 x 10° 2=
rad

Step 5 (rocking rotational stiffness - about x axis)

The rocking rotational resistance is the axial stiffness times the distance of each pile squared from
the center of rotation.

kp2
kpy = —
N
kip-ft
kaq = 2~kpv-[52 + (25)2 + (35)2 + (4s)2] kqq = 3.402 % 108"1%;‘
ra

Step 6 (rocking rotational stiffness - about z axis)

ke = 0
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Step 7 (Summary for the abutment bent, due to piles alone)
3 kip . .
k11 =3.492x 10 ry Translation, x-axis

kpoy = 6.3 x 1()5 —l—(flt?- Translation, y (vertical)

k33 = 3.492 x 10° kip Translation, z-axis

kqq = 3.402 x 108 kip-ft Rocking about x-axis
ra

kss = 1.886x 10° X2 Torsion
rad

kg =0 Rocking about z axis

Seisab gives an error if a value of zero is used for k66. Use ix +1ly =1Ip

g
keg = ki1 + k33 keg = 6.985 x 10° —;fl
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Find the soil stiffness, ks:

On page 4-15 of "Seismic Design of Bridges - Design Example No. 1", a stiffness per foot of wall is
used, which assumes an 8’ backwall with well-compacted backfill.

kp := 200 Kip Stiffness per foot of wall
in-ft
wall := 6ft The backwall is 6'-0" tall.
kg == —Wil-lkb kg = 150 -3(—‘2- For a 6' wall, assuming an even distribution of stress,
8ft in-ft the stiffness would be 150 kip/in.ft.
kp + kg kip . . .
Kps = kps = 175 —— However, the design guide recommends averaging the
2 in-ft above number with the 8' backwall number.

Longitudinal (k11)

g
ko= kpg(78ft + 2in) kg = 1.641x 10° ——f‘tp

3 kip
Kpiles == 9-kp Kpiles = 3.492x 10 -f-;-

The total abutment stiffness, realize that only one backwall can be in effect at a time due to the soil
being in compression on one side, but being in tension (no help) on the other.

kg + 2-kpi i
kip = Ss T “piles ki1 = 8557 % 10,45;13 Stiffness considering soil
' ft

2

Transverse (k33)

The wingwall is only three (3) feet tall, and so its soil stiffness should be about half of the backwall.

k .
ky = —§S~10ﬁ kg = 1.05 x 104%E Stiffness from one wingwall, 10' long.

Assume each wingwall is 50% effective, so just use one wingwall stiffness.

ky + 2kpiles 3:-kip

k33 = - 5 k3= 8.742x 10° Y Stiffness considering soil
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Cap Section Properties
w:= 3ft h:=3ft
i
Area:= w-h Area=91t

SMALLEST := |x<«w if w<h

X < h otherwise

return x
SMALLEST Area
b= —— q= —
2 2-SMALLEST a=15ft
b=15f
3| 16 b b 4
Ji=ab | —-336—]|1- Ijp:=1 Typ = 114081t
3 a 4 o
12-a
I wh’ L= hw’
T 12 YT 12
Ipp := I;-1000 I3 := 1,-1000
Ly =675% 100 £ By =675x 100 &

You should use a regular cap (as shown above) in cases where the cap can physically vibrate
independently of the superstructure. Use a special cap for all other cases.

For this case, use the special cap... which is the same as a normal cap but with 122 and 133 set to
large values (multiplied by 1000 above).
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kip := 1000-1b Ig=Ix
Cracked Cap Section Properties

The stiffness of a concrete beam is not elastic. Instead after a certain amount of moment is applied
to the beam, the concrete cracks. This moment level is called the Cracking Moment, and after this
point is reached, the beam continues to crack and the stiffness continues to drop.

f, := 3500 V= E -~ 3in Distance from centroid to extreme tension fiber
2
£, = 7.5.\/?0.-1})- The modulus of rupture, or flexural tensile strength of concrete (p.48 macgregor)
L2

m

£1 29000
£ Mgy = 345.026 kip-ft ni= 222 n=8286
vt

cr =

Determine the cracked moment of inertia

Area of #6 bar : ri= —6-1—2- A= n.rz A =0.442 in2
8-

centroid of the section will be approximately in the middie.

h h 5.4
Ytop = —2- Ybot == —2- Ig=14x10"in
.2
Asbot = 6'A Asn = Asbot'n Asn = 2].963 mn
Asp
= = (0.017
P Area P

k:= \} 2p-n + (p-n)2 - pn k = 0.408

d:=h - 3in c:=kd ¢ =13.458in
c w-c4 2
Compression Zone Acer = CW Yeer == -2- Ieer = T Ayc = Acer Yeer
Reinforcement Agn ysor:= d = 3in—¢ Ayg = Asn'Yscr2
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Icr = Aye + Ayg Iy =2.795 x 104 in4

Since the beams of the bridge are placed directly over the piers, there is no live load or even
superstructure dead load that is supported by the cap. The only moment in the cap is therefore its
own self weight.

The cap is basicly a continuous beam with 8 spans of 9 feet each.

ki ki
wyl = Area-0.150 ~& wql = 1352
3 ft
fi
M, := 0.1-wgp(9f)° M, = 10.935 kip-ft

Since Ma < Mcr, the effective moment of inertia is uncracked, the full value.

M 3
Ccr
= 1) — Greater than uncracked, not
lei= Tor + (Ig = Tor) [ MJ I,=3.519% 107 in" V;ﬁ: o
Lk =1.4x ~105 in4 Use Uncracked moment of inertia.
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Seismic Design Proportioning and Articulation Recommendations - Step 1

Balanced Stiffness (4.1.1)

It is recommended that the ratio of stiffness between any two bents in a bridge be less than a
factor of two. If a particular bent is much stiffer than the others, it will attract load and tend to get

damaged in an earthquake.

For the bridge across Mud Slough Ditch, the two interior bents are the same, and the two end
bents are the same. But piles of the interior and end bents differ in diameter and length to fixity,

which will affect stiffness.

K
kip := 1000-1b ksi = —2
in2
Interior Bents
Eg := 29000-ksi E¢:= 3372ksi
. 1,
radjp; := 9-in tint := -2-m

4
m-radipg 7t‘(mdint - tint)

Liteeli ==

Iconci = 1

Lint = Isteeli + 0-4-Tconci

“'(radint - tint)4

4
n
4

Eg
Ec

(assume 0.5" wall thickness )

Isteeli =9.058 x 103 in4

Teonci = 4.1 x 10°in*

Ly = 1.07 x 10%in*

With the value of | found, the concrete modulus must be used for stiffness calculations.

Equivalent Length of Piles (Davisson and Robinson's Procedure, 1965)

Lyi= 5.7/

0.2
T o= Ec Iint
np

Legi = Lyi + 1.8T

A-3-EcIint

3
Leqi

Pint :=

Length of pile above ground.

T=5.15ft
Legi = 14971t

Py = 1.866 x 10*1b

1b
ny = 40'—; A= lin

in

It takes 19,000 Ibs to move an interior
pile one inch laterally.



End Bents

Eg := 29000-ksi E¢ = 3372ksi

1

diagpd := 8-in tend == -2— in

. 4 . 4
n-diagnd n.(dlaend — ten )
Lsteele = 4 - 4 ‘n

“‘(diaend - tend)4
4

Lconce =

Tend = Isteele + 0-4-Iconce

( assume 0.5" wall thickness )

Tyteele = 6.295 x 10°in”

Iend = 7.289 x 103 in4

With the value of | found, the concrete modulus must be used for stiffness calculations.

Equivalent Length of Piles (Davisson and Robinson's Procedure, 1965)

Lye = 10 Length of pile above ground.

0.2
Eclend
T:=
np

Leqe = Lue + 1.8T

T=4771

A-3 'Ec’ Iend

3 Pepd = 6.646 x 10° Ib
Lege

Pend =

Compare Stiffness of End and Interior Bents

Tributary Mass

b

np = 40'—5 A = lin

in

It takes 6650 Ibs to move an end
pile one inch laterally.

Each bent does not support the same amount of load. The difference in the load
supported is part of the stiffness equation. Span lengths are 28' - 34'- 28' and the

supports are fixed.

From winbeam, 11.7% of the load went into each end support. 38.3% of the load goes info

each interior support.



Peng-38.3

——  Katio = 1.166
P 11.7 ratio

Kratio =

RESULT := |x « "Low End Bent stiffness ( Fail )" if kptjo < 0.5
X < "Low Interior Bent stiffness ( Fail )" if kpatio > 2

X ¢ "PASS" otherwise

return x

This bridge has a balanced stiffness.

Balanced Frame Geometry (4.1.2)

It is recommended that the ratio of fundamental periods of vibration for adjacent frames in the
longitudinal and transverse directions satisfy the equation below. If the vibrational frequencies are
significantly different, during vibration they will get out of sync which will lead to large relative
displacements. This will increase the probability of longitudinal unseating and pounding between
frames. It will also pass on extra seismic load to frames not designed for it.

Tint

>0.7
Tend

In this bridge, the interior bents are the same, as are the end bents. Thus the "adjacent frames" to
consider are the interior bents vs. the end bents.

On a failed check, it is recommended to limit the bridge to five (5) frames. Since this bridge only
has four (4) bents, this check is not needed.

PASS

Minimum Seat Width (C4.1.2)

The current AASHTO Division I-A requirement for minimum seat width is:

L = 34ft Length of span
H:= 55ft Height of drilled shafts
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N:= 1.5(0.2ft + .0017L + 0.0067H) N=0939f < 1-10"

The above formula accounts for relative displacement due to motion of the piers, rotation of pier
footings (where used), and deformation of the pier. A new minimum seat width equation is used in
step 11.

PASS

Adijusting Dynamic Characteristics (4.1.3)

If either of the two cases above did not pass, here is a list of techniques to consider.

Use of oversized pile shafts.

Adjust effective column lengths (ie lower footings, isolation casing).

Use of modified end fixities.

Reduce and/or redistribute superstructure mass.

Vary the column cross section and longitudinal reinforcement ratios.

Add or relocate columns.

Modify the hinge/expansion joint layout.

Incorporate isolation bearings or dampers (ie response modification devices).
Rearticulation

Bridges in seimic category D must be carefully evaluated for individual member ductilities and
capacity if they do not meet the requirements of 4.1.1, 4.1.2, and 4.1.3.

PASS

End Span Considerations (4.1.4)

If using single column bents, the superstructure rigidity can influence transverse stiffness. Be sure
to consider this when calculating shear.

However, each bent on this bridge has nine piles.

PASS
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Select Analysis Procedure for Seismic Demands - Step 2

Overall Guidelines (4.2)

Selection of an analysis method is determined by the regutarity of the bridge - a function of the
number of spans, and the distribution of weight and stiffness. Regular bridges have less than 7
spans, and no abrupt changes in weight, stiffness, or geometry. A regular bridge should also have
balanced stiffness as computed in Step 1 (abutments excluded).

The definition of regular is presented in Table 4.2. For a four (4) span bridge such as this, it can be

curved up to 90 degrees, have maximum spans twice as long as short, and have a maximum
bent/pier stiffness ratio of 4.

SPANRATIO = |s « "PASS" if 0.5 < spang,tjp < 2

s < "FAIL" otherwise

return s

CURVE := |c « "PASS" if -90 < curve <90

¢ < "FAIL" otherwise

return ¢

spanatip = 1.214

Since both interior bents are the same:

stiffness atiq == 1

STIFFNESSRATIO := |x < "PASS" if 0.25 < stiffnesspatio < 4

x < "FAIL" otherwise

return x

Our bridge over Mud Slough Ditch is not curved, has a max span of 34' with a min of 28, and the
interior bents have the same stiffness. Thus it is a "regular" bridge.



Now that the bridge is classified as "regular”, an analysis procedure can be read from Table 4.1.
This results in a choice, either use Procedure 1 or 2. |t is probably better to use procedure 1, since
procedure 2 is used for the most complicated bridges. Procedure 1 is an Equivalent Static
Analysis which is covered in section 5.4.2.

Special Requirements for Curved Bridges (4.2.1)

Not applicable.

Limitations and Special Requirements (4.2.2)

For important bridges, essential bridges, bridges near earthquake faults, or when using seismic
isolation, a nonlinear time history is required. A nonlinear time history is not required for this bridge.



Consider Vertical Ground Motion Effects (4.7.2) - Step 3

This section is for bridges in Seismic Design Category D AND located within six (6) miles of a fault.
These bridges are required to have 25% of their superstructure steel continuous over the whole
length. This can be accomplished using service couplers capable of handling 125% of the rebar
yield strength. Lapping of rebar to fill this requirement is not allowed.

Vertical ground motion design requirements DO NOT apply for steel girders. So we are OK.

PASS



Select Horizontal Axes for Ground Motions (4.3.1) - Step 4

Global seismic displacement demands are determined independantly along two perpendicular axes,
using the procedure found in section 4.2 (Equivalent Static Analysis). These perpendicular axes
are typically the longitudinal and transverse axes. The axes for a curved bridge are generally
aligned on a chord between two abutments.

We will use the longitudinal and transverse axes.
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Damping Consideration (4.3.2) - Step 5

Up to 10% damping can be used for bridges that have substantial energy dissipation at the
abutments. The following characteristics are typically good indicators that higher damping is
justified.

Total bridge length is less than 300 feet.

Abutments are designed for sustained soil mobilization.

Supports are normal or slight skew.

The superstructure is continuous without hinges or expansion joints.

The bridge over Mud Slough Ditch has all the above qualities except for number 2. The abutment
piles on our bridge are surrounded by sand to let it deflect during an earthquake. Also the approach
slabs are not connected to the backwall. These two items were intentionally provided so that the
bridge could easily deflect and therefore bring less force into the foundations.

But to mobilize the soil (4.3.2), the frame should be RIGID and NOT respond in a FLEXIBLE
manner. If the abutments were rigid, they would mobilize the soil and allow up to 10% damping

which would lower the earthquake loads. And so our bridge, with flexible methods in place to
reduce earthquake loads, does not qualify for the increased damping.

USE 5% Damping.

Short Period Structures Consideration (4.3.3)

To obtain a design displacement, elastic analysis displacements are multiplied by a factor, Ry. A
unique magnification factor is applied to each orthogonal direction. R is found in SDC D by dividing
spectral force by the plastic capacity.

Table 4.3 provides seismic period times if given soil site class and earthquake strength.

Sg:= 1.157 0.4-Sg = 0.463 Short period (0.2 second) mapped design spectral
acceleration. Use 0.45 on Table 4.3

Mw := 8 From the USGS earthquake probability mapping website. There is a 6.75%
chance of a 7.5 magnitude quake. Perhaps there is a 5% chance of 7.75
magnitude quake. Conservatively use highest column.

From Table 4.3, the characteristic ground motion period is: T := 0.68
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Frequency of the structure:

From WinSeisab, the mode 1 frequency for the structure, ignoring the abutment wall stifiness as it
might not be there in a massive earthquake is:

T:= 0.308
T N\ Te 1 T

f =51 Rg=|1-=|=+=>1 = 22208
T R) T R T

R is determined from spectral force divided by plastic capacity, so it can not be calculated until
after the Seisab analysis has been completed.

y
kip:= 1000lb  ksi:= —2
Mp =Fy-Z < 1.5My, in?

M = 402kip-ft Plastic moment for one pile, calculated on
the next sheet. Perhaps this value should
be multiplied by 9 piles?

Fspectral = (568.2 + 129.8)kip The largest force from Seisab,
from abutments.

Fspectral := (335 + 97)kip-ft The largest seismic moment
induced in a column. Assume
this is the "spectral force".

Fspectral L

Ri= ——— R =1.075 The R factor seems low. In SDC B, R is given at

M, 2. For SDC C, Ris 3. | will use at least the value

used for SDC C.
R:i=3
Te 1
Rq:= (1 - l}—f + = ‘Rq = 1.805
R/ T R ) )
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Plastic Section Properties of an 18" Pipe

t=0375"

of top hah‘k ,_

d + djp

r.=

22

2r
Y=

T
Apglf = ©ert
Z:= Apaif-2yc
kip := 10001b
Mp = Z-Fy

r=_8.75in

ye=5.57in
.2
Apaif = 10.308 in

Z=114.844in°

kip

M = 401:953 kip-ft

——— Assume a 1/16" reduction in wall

thickness for corrosion.

d:= 18in-2 -l—in
16

t:= 0.4375in — ——l-in
16

d=17875in
18“

t=0.375in

dip:=d -2t dip = 17.125in

|’,&

This radius is to the center of wall thickness.

Formula for distance to the centroid of the top
half (or bottom half) is typically found in a statics
book.

When the whole section is yielding, the plastic
modulus is used. The force of the top half will be in
tension and act at the centroid of the upper half.
The bottom force will be in compression and act at
its centroid. The moment arm between them is 2y ..

Tn____

Ye

Iy

Fy = 42ksi

5]



4
d 4 din
"z) "7 4
= I=789.596in

4 4

c:i= d ¢ = 8.938in Surface farthest from the neutral axis, outside of shape.

2

1 05 2
rg = ) rg = 6.189in FA=] Area times a distance? = Moment of Inertia
2-Apalf This distance is radius of gyration.

S:= -I- S = 88.346 in3

C
My = S-Fy My = 309.212 kip-ft

Mp:= S-1.1Fy, My =340.133kip-ft
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Determine Seismic Displacement Demands (Figure 1.3E) - Step 6

Define Bridge ERS (Section 5.1.1 and Section 3.3)

From Figure 3.3.1a the most likely ERS is: Transverse or Longitudinal Response

Abutment required to resist the design earthquake elastically.

Longitudinal passive pressure must be less than 0.70 of the value obtained using the procedure
given in Article 5.2.3. Considered later in step.

Earthquake Resisting Components that Require Owner's Approval (Figure 3.3.2)

|

Plumb piles that are not capacity protected (e.g., integral abutment piles or pile-supported seat
abutments that are not fused transversely.

Ensure limited ductility response in piles according to Article 4.7.1
Conventional Ductile Response: 4.0 <y <8.0 is checked in step 9.

Select Analysis Procedure (Section 5.4.2)

Choose Uniform Load Method - Analysis Procedure 1

Mathematical Modeling Requirements (Section 5.5)

Must be modeled in Seisab with nodes at span quarter points (3 int nodes) and at column third
points (2 int nodes).



Abutment Modeling (Section 5.2) kip := 10001b

Cracked section properties should be used for the abutment when conducting an Equivalent Static
Analysis.

The cap applied moment does not exceed the cracking moment - so it has full moment of inertia
(see cap sectional properties from old LRFD design).

The steel shell pile innards are concrete, but were reduced by 0.4 during initial sectional
property calculations, so the model is good.

Temperature elongation/contraction (needed for soil properties
Procedure B Trax = 115 Tmin = 15

Procedure A Tmax := 120 Tmin = 0 USE procedure A

o = 0.0000066 Coefficient of thermal expansion, see LRFD 5.4.2.2

L= 90ft Length of bridge

A= OC'L'(Tmax - Tmin) Elongation range due to uniform thermal expansion, LRFD 3.12.2
A =0.855in

Tget := 70 Assume the bridge is built at about this temperature.

TA1 = Tmax — Tset Tar =50 Ta2 = Tmin — Tset Ta2=-70

T:= |x« |Ta| if ITAll < |TA2| This temperature is the extreme temperéture variation

. from when the bridge is set up.
X ¢ ]TM] otherwise

return x

AT:= LT AT = 0.499in
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The foundation of this bridge is steel sheel piles which are fairly flexible. Their movement is
required for determining passive and active pressures. One abutment supposedly takes 2/3 of the
soil pressure and the other takes 1/3. But since the bridge is short and tied together, both
supports should move the same distance - half of the total movement.

AT

Asupports ==

A « =:0.2491in
5 supports =V

During an earthquake, the bridge will move:

AgQ = 0.093ft AgQ = 1.116in Longitudinal Movement from Seisab. Calculated
many steps later and brought back to this point.
A
AgQs = —E—Q AgQs = 0.558in Distribute half of the movement to each support.

To Find Soil Properties

I need to know the density of the soil and its angle of friction.

N:=21.8 The average standard penetration for the left side (significantly lower than the right
side).
i 20 _ Corrected N value. Since | don't know
Ne:= 0.77-N-log 0.0105-95.6 Ne=21811 what the english units are for N besides

blows per foot, assuming this is ok.
Mostly medium dense sand is wet or moist over the entire length of borehole.
From Table 2.4 in Principles of Foundation Engineering (1984, Das) the density

and angle of soil friction can be approximately correlated to N.
D, := 0.48 b = 39.2

From an SPILE chart, wet medium dense sand weighs...

1b
=110 —
! 3

ft



Determine amount of active and passive pressure.

The abutment wall is about 6' tall. Even though the bridge has integral abutments, the piles are
surrounded with sand to allow them to deflect easily. Hopefully since the abutments are less stiff,
a lower force will be transmitted into the substructure from the abutments. How much passive
pressure is activated?

H:= 6ft

A t 3 Normal movement due to temperature. From Figure 4.4 in the

SUPPOTES 5 465 x 107 "Manual for the Design of Bridge Foundations" and using the
compacted medium dense sand graph line, some active
pressure and a good amount of passive pressure is created.

Ka = 0.30 Kp = 2.8
AEQS + Asupports - 0011 Earthquake. Fully activates passive pressure.
q .

Any form of passive pressure offers far more resistance than active pressure. See figure 4.4 in
the same book.

The natural soil around the abutments is a medium stiff clay. | am assuming in these calculations
that the poor soil around the abutments will be taken out and backfilled with a medium dense
sand (select fill). This is the only material for which there is a compacted soil pressures.

kp:=4 The extreme case will have the highest passive pressure.
Ib L
¥s:= 110 — Backfill unit weight
3
ft
Hy = 6ft Height of Backwall
kip
pp = kp”Ys‘Hw pp = 2.64 -
2
ft
Ppi= ppHy P, = 15.84%‘—’ See Article 5.2.3.3 in New Guidelines
K
P , e
= P Kooy = 11 —2
Keffl = 0.02-H, Kefr1 = 11 # Equation 5.2
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The new "Recommended LRFD Guidelines for the Seismic Design of Highway Bridges" in section
5.2.3.3 gives a procedure for estimating the passive pressure force. The passive pressure may also
be assumed equal to:
Pp:= 0,70.-2-25.92 P, = z,sm 70% because integral abutment. See
e ft beginning of step.
kip
_ - 1.944 in Stiffness of Abutment, much lower than the
Keff1 = 7 Keffl = 1944 — value calculated by a better analysis. Do not
use uniess no other option.

Other Specifications in Section 5.2
Shear keys should be designed to resist a lateral force of 0.2 times the abutment dead load.

Either elastic resistance or fusing (need more information on how fusing works) should be used to
accomodate transverse abutment loading.

The stiffness of the piles should be ignored if deflection is more than 4 inches. Generally, the pile

resistance is very small compared to passive resistance of an abutment. This provision is to make
calculations easier for the engineer - he does not need the pile stiffness.

Foundations (section 5.3)

For seismic category D, the foundation modeling method 2 must be used. From Table 5.1 on page
5-12, pile bents must be modeled using soil springs based on P-y curves or with an estimated
depth to fixity.

Graphs for calculating spring constants are in Appendix C. An example on how to apply them was
provided to me by a coworker. The spring constants are calculated for the abutments in another
mathcad sheet appended to the end of the calculations. 1 also calculated the depth to fixity for the

interior bents, which was not covered in Appendix C, in another mathcad sheet.

The bridge was modeled in Seisab with soil springs on the abutments (since you don't even enter
the piles on Seisab with them), but fixed interior bent piles at their estimated depth of fixity.

Liquefaction for seismic zone D shall be considered, see Article 6.8. Many details are in Appendix
D and E. But the empirical method is not given in the new guide. This analysis was accomplished
in another mathcad sheet using older equations, and the soil found strong.

If liquefaction would have been a problem, the solution is generally adding reinforcement to the piles
to make sure they do not buckle when the soil loses its bracing capability.

There are no liquefaction problems with this bridge (See liquefaction sheet).
The soil springs and depths to fixity are calculated.
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Effective Section Properties (section 5.6)

When calculating the section properties which were input for the steel shell piles into Seisab, the
concrete contribution was mulitiplied by 0.4 to account for cracking. | think that is a reasonable
value, but for more accuracy, the axial load and percent steel on the piles can be plotted on Figure
5.4 of the new guidelines to recieve in most cases a higher number.

Flexural stiffness (I), shear stiffness (G), and torsional stiffness (J), all must be reduced to account
for the concrete cracking. The deck stiffness should be between 0.5 and 0.75 the full stiffness, |
will use 0.75. The Torsional Moment should be 0.2 times the normal stiffness. The reduced values
should be used in the Seisab model. Pile Caps should be assumed rigid (with full stiffness).

My Seisab run, previously completed will be modified by these stiffness parameters.

The change in period from full section properties is about 1%.

Conduct a Demand Analysis (section 5.1.2)

The model may need to be run serveral times for different conditions. For Mud Slough Ditch,
Seisab was run once with abutment soil, and once ignoring the soil stiffness behind the abutments.

Determine Displacement Demands along Member Local Axis

1.12" at the abutments longitudinally, and about the same transversely. The piles are modeled
individually in Com624p with a displacement of about 3" at the top. But the piles in Com624p had a
free head, where in Seisab they are fixed at the top.

After this step, show spring constant calcs and liquefaction.
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Liquefaction of Soils at Big Slough Ditch - Recommended LRFD Guidelines Appendix D

D.2.1 Preliminary Screening for Liquefaction
An evaluation of liquefaction hazard potential is not required if:

Groundwater is deeper than 15m.

Bedrock is under the site.

Blowcounts are above 30 for all soil samples.
Soil is clayey (see D-4 for restrictions).

Mud Slouch Ditch does not meet any of these conditions and therefore a ligefaction analysis should
be performed. FHWA SA-97-076 Chapter 8 pg 111, states that if N > 30 for a soil layer,
liquefaction will not occur. This is obvious from the guidelines chart on D-9 - and so any layer with
N > 30 will not be checked.

The "simplified procedure" is mentioned on guidelines page D-6, and the depth to which it gives
reasonable estimates is 12m. According to FHWA October 1996 book, "Seismic Design of
Bridges - Design Example No. 3" p. A7, the max depth below ground surface for which liquefaction
can occur is 50'. However the recommended depth to consider is 25m. This analysis will consider
depths to 100ft, but it should be noted that beyond 40’ the results will just be guidelines.

Simplified Method, previously known as Empirical Method

The water level shown on the boring log sheet is at a depth of 27.8'. Another boring log in the area,
when the surface elevation is matched up, has water at a depth of 26.7'. Since there is a slight
change of soil strength at 25', | will add the water table in at 25'.

A normalized SPT blowcount value is the base parameter which can be correlated with a graph to
find the cyclic resistance ratio. This graph is on page D-9 for 7.5 magnitude earthquakes and on
page D-10 there is a graph which shows correction factors to move the earthquake to different
magnitudes.

Assume the design earthquake magnitude is 8 (page 48). Figure D.2.4-2 shows a range of
correction factors from about 0.6 to 0.9. Use a middle value of 0.75.

A:= 048 Estimated acceleration at ground surface (SDC D) - The new guidelines give
an SD1 of 0.53. Does this correlate to the A of the old code?

M:=8 EarthQuake Magnitude from 1975 AASHTO Interim Specifications Bridges p.
12. The M=8 maximum acceleration is 0.50, so A=0.48 puts us close.
This chart is photocopied; see the next page.

MSF := 0.75 Magnitude Scaling Factor, to reduce stress resistance from the default M = 7.5
value to M = 8.
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Layer1 (0'to 4.5")

Moist, Medium Dense, Gray Sand and Gravel

Ib

Np:= 10 ¥1:= 110-—; ¢ =30
ft
Ib
o1:=v1-4.5f o1= 495—-2-

ft

Layer 3 (15.5'to 25')

Wet, Medium Dense, Gray Sand

Ib
N3:= 16 Y3 = 116—3
ft
Ib
63:=173-95ft o©3=1102x 103-——
ft2

Layer 4 ( 25' to 35') - Beginning of Water Table

Wet, Medium Dense, Gray Sand

Ib
Ny := 18 Y4 = 60—
ﬂ3
1b
4= Y4t o4 =600—
ﬁz
o4

Cg = 0‘1+62+G3+7

0.015z
3.281ft

rg=1 14 = 0.863

oy =4228x 10022 Stress Ratio:
2

m

k
Go=1.571x 107 -2
2

Layer2 (4.5'to 15.5')

Moist, Medium Stiff to Stiff, Gray and Brown
Clay with Sand Seams

Ib
Ny:=9 g = 120-—
ft3
I
cy:=yy-11ft o =132x 103—1)—
2
ft
t:= 10ft thickness of layer
z = 30ft depth to middle of layer

overburden weight above

m middle of layer

Tav = 0.65~A~00-I’d

. Tav
ratlog = ——

ratiog =0:269
[¢) 0 :



Liquefaction Strength

ton

Go=1.608— Use this number on Figure 8 (Seismic Design _
& of Highway Bridge Foundations, vol 2, p. 31) to Cp=0.79
find Cn.
Corrected Blowcount: Nyc:= Cp'Nyg Nye = 14.22

Use the corrected blowcount to find the resisting stress ratio on Figure D.2.4-1

ratio, = X ratioy i= 0.155 Resisting Stress - | have no data on the percent
Cy fines, will use the < 5% curve. Seems weakest.
MSF -ratio;
FSpi= ————— FS$;=0432 Factor of Safety
ratiog

SAFE := |s <« "YES" if FSq>1

s < "NO" otherwise

return s

Layer 5 ( 35' to 55')

Wet, Medium Dense, Gray Sand

N := 27 y5:= 67— t := 20ft thickness of layer
ft3
3 1b .
c5:= Y5t 05=134x10"— z = 45ft depth to middle of layer
ﬁ2
o5 4 kg .
Goi=01+0Gp+03+04+— 0o=2.044%x 10 — overburden weight above
2 mZ middle of layer
.01
rgi= 1 — 212 rg = 0.794
3.281ft
k
oy i= 0.65-AG g Ty = 5.066x 10° —52
m
. . Tav . .
Stress Ratio: ratiog 1= — ratiog = 0.248
Go

(o7



Liquefaction Strength

ton

Go= 2.093—2 Cp = 0.68 Ns¢ = Cy'Ns N5 = 18.36
ft
ratio, = = ratioy :=0.20 Resisting Stress
Oy ’
MSF:-ratio,
FSs:= —————  FS5=0.605 Factor of Safety
ratiog
SAFE := |s « "YES" if FS5>1
s < "NO" otherwise
Laver6 (55't090')
return s
Wet, Dense, Gray Sand
Ib .
Ng := 44 v6:= T4— t:= 35ft thickness of layer
ft3
31b .
c6:= Y6t cg=2.59x% 10" — = 72.51% depth to middle of layer
ft2
o6 k
0o =01+02+063+04+05+— oo =3.004x 104-—g- overburden
2 m2 weight above
middle of layer
0.015
=1 - —— rg = 0.669
3.281ft
3 kg
Tav = O.65'A‘Go'rd Tav = 6.265 X 10 —
m2
- . Tay . "
Stress Ratio: ratiog := — ratiog = 0.209
Co )
Liquefaction Strength
ton
Go= 3.076—2- Cp = 053 Ngc = Cp-Ng Nec = 23.32
ft

. T
ratiop = —
Oy

MSF-ratio,
FSg:= ———  FS¢=10.953

ratiog

ratioy := 0.265

Resisting Stress

Factor of Safety

K3



SAFE = |s « "YES" if FSg>1

s < "NO" otherwise

return s

Layer 7 (90'to 101.5')

Moist, Medium Stiff, Gray Clay with Organic Matter

Ny:=6 y7 = 58& t:= 11.5ft thickness of layer
ft3
Ib .
o7:=y711.5f o7 =667— z:= 9575/t  depth to middle of layer
ft
o7 4k overburden
Copi=01+02+03+04+05+0g+— Co=3.799x 10 534 weight above
2 m2  middle of layer
0.015z
rgi=1-~ rg = 0.562
d 3.281ft d
k
tay = 0.65-A-0qg Ty = 6.664x 10° -2
m2
. . Tav . «
Stress Ratio: ratiog = — ratiog =0.175
Co
Liquefaction Strength
ton
Go= 3.89——2— Cpi= 045 N7g:= Cp'Ny + 7.5 N7c =102
ft

This layer is a clay and will generally be fine. Using Silt equation for N,.

ratiop = = ratio, = 0:11 Resisting Stress
Oy
MSFratio,
FSy:= ———— FSy7=047 Factor of Safety
ratiog

SAFE := |s « "YES" if FSy>1

s < "NO" otherwise

return s

There are serious liquefaction problems here. Under current provisions no layer liquifies - see
calculations starting on page 142.
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Combine Orthogonal Displacements - Step 7

Combination of Load Cases 1 and 2 (Section 4.4)

This combination is done automatically by WinSeisab. But here done manually for show. Using
"soil down.ssb" since it produces the largest displacements.

Load Case Long. Trans.

1 0.093 0

2 -0 0.087

3 0.093 0.026

4 0.028 0.087

Load Case 3 (LC 1+ 30% of LC 2) Load Case 4 (LC 2+ 30% of LC 1)
trans := 0.087-0.3 trans = 0.026 long := 0.093-0.3 long = 0.028



SDC D, Determine A - Pushover - Step8 &9

kip := 1000Ib
Structure Displacement Capacity for SDC B, C, D. (Section 4.8) ksi ;= -1553
2

in

WinSeisab does not have a pushover analysis, now required for SDC D. Therefore com624p was
used to analyze the interior bent piles with an estimated depth to fixity of 15'. From AASHTO
6.12.2.3.2, unless a steel shell pile is encased in concrete, the maximum moment is the plastic
moment of the steel section alone (even with the tube filled with concrete). To be sure the pile can
attain this moment, the following check shall be performed.

Since the column is not encased in concrete at max moment location use AASHTO 6.12.2.3.2.

D:= 17.875in diameter of the pipe

t:= 0.375in thickness of pipe
E := 29000ksi
Fy = 42ksi
2o |E Then M, =M, D _ 47667
t Fy t
Otherwise M, =M
vy 2 ,—E— =52.554
Fy
Mp = 401.953 kip-ft My = 309.212kip-ft See pages 51 and 52.

D E
Mp= [M«Mp if —<2-|—
t Fy

M « My otherwise

return M
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Pushover Analysis Sketch

EE——
C.G. of Superstructure *
126 Elev. 247.35
— Bottom
of Cap
Elev. 242.25'
L * L ] * * L 4 L ] ® — Fixity
| Elev. 227.28'
¥ R R R R R R H
ELCGss = 247.36ft Elevation of the superstructure center of gravity.
ELpoT := 227.26ft Elevation of the bottom of the pile
ELTQp := 242.26ft Elevation of the bottom of cap (top of pile).
15ft .
H:= ELcgss — ELBoT ~ — H=1261t Distance from column contraflexure to
2 superstructure c.g.
Hcol = 15ft
V := 302.1kip Max Bent Pseudoforce from Seisab
s¢ = 9ft Column spacing

The bent force will be divided to the individual piles. To do so, balance the moment in the bent. In
each balance equation, the sum of the distance to each pile from the c.g. squared, will be needed.

Ssum = 2-[502 + (Zsc)2 + (3sc)2 + (430)2] Ssum = 4.86 x 103 ft2
4-s¢
Py=V.-H P =28.196 kip Pg = Pq
Ssum
3‘Sc
Py:= V.-H- Py =21.147kip P7:=Py
Ssum

6/



2’Sc
P3:= V.H P3 = 15.321kip Pg:= P3
(Ssumj
S¢
P4:= V-H: P4 = 7.66 kip P5:= Py
(Ssum)

P, := 38.63kip Py, := 12.5kip Dead Load, concrete and wearing surface from MDX

Pgp:= 0.9-P; + 0.65-Py Py = 42.892kip

Combine the earthquake load with dead load. Then using Com624p, with 15' to fixity in rock and no
soil, find the moment and rotation that goes with each load.

Plashic Copacity of |
‘f/ %%m;}? Tube w/ Axal Load (72‘33‘3"”@/ Mament Cama‘?ﬂj} uif ki’i

P; = Pg - P P; = 12.25kip Mp1 = 374.29%ip-ft dy1 = 0.001 ¢p1 = 0.00988 J" Axlal Joad,
Py:= Py - Py Py = 19.911kip Mpy = 382.47kip-ft $y2:= 0001103 ¢pp:= 0.00988
P3:= Py - P3 P3 = 27.571 kip Mp3 = 373.97kip-ft $y3:= 0.001103  ¢p3:= 0.00988
Py := Py — Py P4 = 35.232kip Mp4 1= 373.97kip-ft dyq 1= 0.001103  dpg:= 0.00988
Ps:= Py + Ps Ps = 50.552kip Mps := 403.01kip-ft dys:= 0.001073  ¢ps:= 0.00988
Pg:= Py + Pg Pg = 58.213kip Mp 1= 401.71kip-ft dy6:= 0.001043  dpg = 0.00988
Py := Py + Py Py = 65.873 kip M7 := 401.71kip-ft dy7:= 0.001043  ¢p7:= 0.00988
Pg:= Py + Pg Pg = 73.534kip Mps := 401.71kip-ft dyg:= 0.001043  pg:= 0.00988

Are the above values from Com624p reasonable? Lets run the numbers by hand for Pg. In the
AlISC Steel LRFD 3rd Ed., Table 4-7 on page 4-66 for a unfilled 18" steel pipe with t=0.375" that is
15' long (assume k=1, fixed-fixed):

Pg
P, := 658kip — =0.112
Pu
From AASHTO LRFD 6.9.2.2 for P/Pu<0.2
P
> M, M= |1-— M, M = 380.491 kip-ft
2P, M, 2P,
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The moment given by AASHTO LRFD 6.9.2.2 is fairly close to the 401.71k’ given by Com624p and
so it could also be assumed that the accompanying rotation is correct.

Check to see if the columns can handle the shear from this maximum moment.

V= Mot Vp1 = 49.905 kip Vps = o3 Vps = 53.735kip
0.5Heqy 0.5Heo1

Vppi= Mp2 Vp2 = 50.996 kip Vps = Mp6 Vp6 = 53.561 kip
0.5H¢o] 0.5Hcol

Vp3 = Mp3 V3 = 49.863 kip Vp7:= Mp7 V7 = 53.561 kip
0.5Hco} 0.5Hcol

Vpa = Mpd Vpa = 49.863 kip Vpg = Mp8 Vpg = 53.561 kip
0.5H¢o1 0.5Hgol

Vpi= Vpl + Vo + Vi3 + Vpa + Vps + Vg + V7 + Vps V) = 415.045 kip

The shear from moment is far more than the shear directly from the earthquake. The earthquake
shear should be adjusted upwards. And the process iterated.

V := 410kip Try 410 kips
4'Sc

Py=V-H P1 =41.586kip Pg:= Py
Ssum
3‘Sc

Py:=V-H Py =31.19kip P7:=Py
Ssum
2‘Sc

P3 = V-H P3 =20.793 kip Pg:=P3
Ssum

Sc

Pg:= V-H P4 =10.397kip Ps:=Py

Ssum
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Combine the earthquake load with dead load. Then using Com624p, with 15" to fixity in rock and no

soil, find the moment and rotation that goes with each load.

P1:=Pg-Pq1 Py =1.306kip My := 374.2%ip-ft
Py =Py~ Po Py = 11.702kip Mp = 374.29%ip-ft
P3:=Pq - P3 P3 = 22.099kip Mp3 = 373.97kip-ft
Py:= P4~ P4 P4 = 32.495 kip Mg = 373.97kip-ft
Ps:= P+ Ps  Ps=53.289kip Mps = 403.01kip-ft
Pg:= Py +Pg  Pg=63.685kip Mg = 401.71kip-ft
Pyi=Pg+P;  P7=74.082kip M7 = 401.5%ip-ft
Pg = Pg; + Pg Pg = 84.478kip Mpg = 370.05kip-ft
Mot V. = 49.905 kip \ Mps Vo5 = 53.735kip
1= | =49. 5= 5=53.
PL 0.5H P P> 0.5Hc01 P
\ Mp2 Vi = 49.905 kip \ Mps V6 = 53.561kip
2= 2 = 49. 6= 6= 53.
P2 0.5H, P P> 0.5Hco1 P
Vs m —ap3 Vi3 = 49.863 ki N V7 = 53.545ki
P37 0 SHeol p3 = 77852P P70 5Heop p7 = 222" XP
Vo im V4 = 49.863 kip v, Mps Vg = 49.34ki
= = . = = . 1
P4 0 SHy p4 P8 0.5Heo) P8 ’

Vp = Vp1 + Vp2 + Vp3 + Vpg + Vps + Vpg + V7 + Vpg Vp =409.717 kip

Close. lteration complete. Com624 also gives the stiffness of the pile.

0.0010
Bl = 275292kipf°  Elyi= 282542kip R Elp o= 32085.4Kip R fygim —ron
EL = 275292kip % Elsi= 312993kip-°  Elgi= 304417kip > gpp 1=~ O
EL; := 28254.2kip-fi°  Elg := 32095.8kip-ft> bpgi= 288

in
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3-EI4 kip Vp1

kj:= ————  kj =195.763 — Ayp = 2= Ay = 3.059in
3 ft ky
(0.5Hco1)
3-EI ki Vp2
Ky = __23 ky = 195.763 —flt‘?- Ayy = —lzp— Ays = 3.059in
(0.5Hco) 2
3-El3 ki Vp3
lgi= ——— k3=200919 —E‘i Ays = -1-51— Ays = 2.978in
(0-5Heo1) ’
3-Ely ki \
kq:= — k4 = 200.919 —f‘?’i Ayy = -k% Ays =2.978in
(0.5Hco1)
3.EI ; \
ks = ——5—3 ks = 222.573 %‘3 Ays = —k—p—s- Ays = 2.897in
(0.5Hco1) 3
3-EI ki V, '
ke := —-—% ke = 228.237 —33 Ayg = —-k%é Ay = 2.816in
(0-5Hco1)
3-Ely i Vp7
kyi= ——— k7 =228.163 Efgtg Ayy = k—p Ayg = 2.816in
(0.5Hco1) 7
3.EI i Vps
ke i S kg = 216.47453-)- Ayg = .o Ayg = 2.735in
8 ; 8 o ke
(0.5Hco1)

Calculate Displacement Capacities - choose case 8 since it has highest load.

Longitudinal Direction

Ay = 10.94in This formula is from the Holmes St. Tennessee

3 example. | can not derive this equation and do not
know where it comes from. On a circle, a secant
length can be found by multiplying the interior angle
by the radius. Ay is analogous to the secant, and ¢y
times a length must be analagous to the radius. So
for a cantilevered pile, Ay = ¢L2. For a pinned-pinned
pile, Ay would be half since the max deflection would
occur in the middle. For a fixed-fixed pile with more
stiffness on the bottom, the deflection would be
smaller yet and towards the bottom, perhaps typified
by the formula used here.

1o
b



Length of plastic yielding is the maximum of the following (New Guidelines 4.11.8):

1 1
Lp:= Lo Deol e Mool e
8 8
L « 18in otherwise
return L
Lp . .
Ap = (¢p8 - ¢y8)’Lp' Heol — — Ap = 33.667in Where did Tennessee get this
2 equation?

Au:= Ap + Ay Au = 44.607 in At this displacement earthquake resisting
elements reach their inelastic deformation
capacity.

Rq:= 1.805 Deflection multiplier. Note: To calculate this value, R=3 from SDC C was used

since it seemed more conservative than the SDC D R=0.9.

Ajong = Rq-0.087ft Along = 1.884in Magnified deflection, see section 4.3,

and the Seisab results from Step 7.

Apg:= |A « Ajong — Ay if Ajong — Ay > 0Oin

A < Qin otherwise

return A

Member Ductility Requirement (Section 4.9)

A
pup =1+ Zpd up =1 For multiple column bents, py should be less than 8.

Ay

RESULT := |R « "PASS" if up <8
R « "FAIL" otherwise

return R

Calculate Displacement Capacities - choose case 8 since it has highest load.

Transverse Direction
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2
Heol Since the transverse direction is stiffer than the
longitudinal, we can use half the height.

Ay = ¢yg-——"— Ay =2.735in

Length of plastic yielding is the maximum of the following (New Guidelines 4.11.8):

Heop . Heol
Lp:= |L e« —> if — > 18in
L « 18in otherwise
return L
Heotl  Lp . ;
Ap = (0ps — byg) Lp| — - = Ap = 15.711in Where did Tennessee get
2 2 equation?

Au = Ap + Ay Au = 18.446in At this displacement earthquake resisting
elements reach their inelastic deformation
capacity.

R4:= 1.805 Deflection multiplier. Note: To calculate this value, R=3 from SDC C was used

since it seemed more conservative than the SDC D R=0.9.

Along = Rg-0.093ft Afong = 2.014in Magnified deflection, see section 4.3,

and the Seisab results from Step 7.

A « 0Qin otherwise

return A

Member Ductility Requirement (Section 4.9)

Apd

up =1 For multiple column bents, py should be less than 8.
Ay

up =1+

RESULT := |R « "PASS" if up <38

R « "FAIL" otherwise

return R
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SDC C, Pushover would not be required - Step 8

Structure Displacement Capacity for SDC B, C (Section 4.8)

WinSeisab does not have a pushover analysis, now required for SDC D. The following is a simple
analysis that bypasses the need for a pushover analysis if the bridge is in SDC C or lower.

Hy:= 15ft Column height from bottom of footing (or end of pile) to top of column.
Equivalently, the shortest distance between the point of maximum moment and
the contra-flexure point. So the depth to fixity.

A=2 Fixity Factor. Equal to 1 for a fixed base, free head. Equal to 2 for a fixed-fixed
condition. The value can be interpolated for head conditions between free and
fixed. Use 2 for transverse, and 1 for longitudinal.

By = 1.5ft Column width or diameter
A-B
X i= —— x=02
I—IO

The displacement capacity is equal to the larger of the two equations below.

o

Ap:= (-2.32:In(x) - 1.22)-ft Ay =4.525in
1= To0m ( ) ) 1
Ayim —2 Ag=18i
= = l.0m
27 oot 2
Aci= JA <Ay if Ay>Ap At this displacement earthquake resisting elements

acheive their inelastic deformation capacity.
A « Ay otherwise

return A

This value is 7.42 inches in the longitudinal direction.
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SDC C, Global Structure Displacement Requirement - Step 9

Determination of Seismic Lateral Displacements Demands (Section 4.3)

If the bridge is in SDC C, the deflection equation comparison is very simple.

Because the bridge is moving as a unit, and there is no skew, displacement is the same at the
abutments and interior bents.

The lateral deflection from Seisab is:

Algt = 0.093ft

The deflection is multiplied by Ry and then compared with the pushover deflection. If less, the
deflection check is passed.

Rq:= 1.805 Amag = AlarRq Amag =2.014in
Inelastic Deflection for seismic elements. A= 4.53in
A¢i= |A « "OK" if A¢>Amgg Is the bridge deflection within acceptable range?

A <« "NO GOOD" otherwise

return A




FoR PUSHOVER ANALYSIS

18" steel shell shaft with Axial and Shear on top 07041

R T T R R T L e X X e Y R T E )

ULTIMATE BENDING RESISTANCE AND FLEXURIAL RIGIDITY

Hhdedhdhdhddhhhhhhkhhffhhhdhhhdfhhdhdedhhhdehhhdfhhdedfhhdhde Sl hddd

DIAMETER = 17.88 IN

STEEL SHELL THICKNESS = .38 1IN
STEEL SHELL YIELD STRENGTH = 42.000000 KIP/IN¥**2
MODULUS OF ELASTICITY OF STEEL = 29000.000000 KIP/IN%*%*2
SQUASH LOAD CAPACITY = 877.45 KIp
OUTPUT RESULTS FOR AN AXIAL LOAD = 73.53 KIP /65.“87 /58,2/ /
Tede v SNt NV hhhhRhhh NNk hhhdhhddhfh e htfdehddhdde N
' M rutahion.
MOMENT EI = romin PHI MAX STR N AXIS
IN-KIP KIP-IN*%2 1/IN IN/IN IN
23.081 .23081E+08 .000001 .00013 130.691

115.407 .23081E+08 .000005 .00016  33.290
207.732 .23081E+08 .000009 .00020  22.468
300.058 .23081E+08 .000013 .00023  18.305
385.503 .22677E+08 .000017 .00027 16.092
479.810 .22848E+08 .000021 .00030 14.695
552.204 .22088E+08 .000025 .00033 13.708
669.484 .23086E+08 .000029 .00037  13.112
719.203 .21794E+08 .000033 .00040 12.516
854.118 .23084E+08 .000037 .00044  12.218
943.858 .23021E+08 .000041 .00047  11.899
970.779 .21573E+08 .000045 .00051  11.622
1053.496 .21500E+08 .000049 .00054 11.324
1223.396 .23083E+08 .000053 .00056 11.026

1899.399 .22884E+08 .000083 .00083 10.371
2608.236 .23082E+08 .000113 .00107 9.834
3251.436 .22737E+08 .000143 .00134 9.729
3804.720 .21993E+08 .000173 .00161 9.680
4205.126 .20715E+08 .000203 .00192 9.834
4379.593 .18797E+08 .000233 .00220 9.834
4488.631 .17067E+08 .000263 .00249 9.834
4561.499 .15568E+08 .000293 .00277 9.834
4613.036 .14282E+08 .000323 .00305 9.834
4651.795 .13178E+08 .000353 .00334 9.834
4681.373 .12223E+08 .000383 .00362 9.834
4704.241 .11390€E+08 .000413 .00390 9.834
4722.417 .10660E+08 .000443 .00419 9.834
4737.519 .10016E+08 .000473 .00447 9.834
4749.829 .94430E+07 .000503 .00476 9.834
4759.709 .89300E+07 .000533 .00504 9.834
4768.614 .84700E+07 .000563 .00532 9.834
4775.615 .80533E+07 .000593 .00561 9.834
4781.829 .76755E+07 .000623 .00589 9.834
4787.697 .73318E+07 .000653 .00617 9.834
4791.838 .70159€E+07 .000683 .00646 9.834
4795.979 .67265E+07 .000713 .00674 9.834
4800.119 .64605E+07 .000743 .00702 9.834
4802.959 .62134E+07 .000773 .00731 9.834
4805.557 .59845E+07 .000803 .00759 9.834
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4808.155 .57721E+07 .000833 .00788 9.834
4810.753 .55745E+07 .000863 .00816 9.834
4813.009 .53897E+07 .000893 .00844 9.834
4814.511 .52162E+07 .000923 .00873 9.834
4816.012 .50535E+07 .000953 .00901 9.834
4817.514 .49008E+07 .000983 .00929 9.834
4819.016 .47572E+07 .001013 .00958 9.834
4820.518 .46218E+07 .001043 .00986 9.834

18" steel shell shaft with Axial and Shear on top 07041

UNITS--ENGL

Tekdeddedddddekddededhkhhdhhhdfhhhdde ekl hhhdedededededededehdehththdt

PILE DEFLECTION, BENDING MOMENT, SHEAR & SOIL RESISTANCE
R R R R T R R A Tk L R L R Y 3]

INPUT INFORMATTION
dededodededededededededodededededededededdeddededhe ket ket dk

THE LOADING IS STATIC

PILE GEOMETRY AND PROPERTIES

300.00 IN
.290E+05 KIP/IN**2

PILE LENGTH
MODULUS OF ELASTICITY OF PILE
1 SECTION(S)

X DIAMETER MOMENT OF AREA
INERTIA
Igo IN IN**4 IN#*%2
’ 17.875 .789E+03 .206E+02
300.00

SOILS INFORMATION
60.00 IN
.00 DEG.

X-COORDINATE AT THE GROUND SURFACE

SLOPE ANGLE AT THE GROUND SURFACE

it

1 LAYER(S) OF SOIL

LAYER 1

THE LAYER IS A ROCK

X AT THE TOP OF THE LAYER

X AT THE BOTTOM OF THE LAYER
VARIATION OF SOIL MODULUS, k

170.00 IN
1000.00 IN
.200E+04 LBS/IN**3

DISTRIBUTION OF EFFECTIVE UNIT WEIGHT WITH DEPTH
2 POINTS
X, IN WEIGHT,LBS/IN%**3
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170.00 .75E-01

1000.00 .75E-01
DISTRIBUTION OF STRENGTH PARAMETERS WITH DEPTH
2 POINTS
X, IN C,LBS/IN**2 PHI,DEGREES
170.00 . 284E+04 .000
1000.00 .284E+04 .000

FINITE DIFFERENCE PARAMETERS
NUMBER OF PILE INCREMENTS
TOLERANCE ON DETERMINATION OF DEFLECTIONS

MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS

MAXIMUM ALLOWABLE DEFLECTION

INPUT CODES
OUTPT
KCYCL
KBC
KPYOP
INC

N T T T
N =

18" steel shell shaft with Axial and Shear on top 07041

UNITS--ENGL

OUTPUT INFORMATTION
Sededededededdededdededodededdede etttk dhhhhhdh

GENERATED P-Y CURVES
THE NUMBER OF CURVE IS
THE NUMBER OF POINTS ON EACH CURVE

DEPTH BELOW GS DIAM C
IN IN KIP/IN¥**2
-60.00 17.875 . 3E+04
Y
IN
.000
.003
.006
.009
.011
.014
.017
.020
.023
.026
.029
.031

8

it

KIP

17

P
/IN

.000

16239.
32478.
41003.
41815.
42627.
43439.
44251.
45063
45875
46687 .
47499.

081
163
676
630
584
538
492

.447
.401

355
309

E50

nmuwun

.100E-02
.100E-02

60
.100E-03 1IN

100
.36E+03 IN



DEPTH BELOW GS
IN
-24.00

DEPTH BELOW GS
IN
30.00

DEPTH BELOW GS
IN
120.00

DIAM
IN
17.875

DIAM
IN
17.875

DIAM
IN
17.875

.034
.037
.040
.043
.046

C
KIP/IN¥*%*2
.3E+04
Y
IN
.000
.003
.006
.009
.011
.014
.017
.020
.023
.026
.029
.031
.034
.037
.040
.043
.046

C
KIP/IN¥**2
.3E+04
Y

IN
.000
.003
.006
.009
.011
.014
.017
.020
.023
.026
.029
.031
.034
.037
.040
.043
.046

C
KIP/IN%*%*2
.3E+04
Y

IN
.000
.003
.006
.009
.011

79

48311.263
49123.217
49935.171
50747.125

.000

P

KIP/IN
.000
16239.081
32478.163
41003.676
41815.630
42627.584
43439.538
44251.492
45063.447
45875.401
46687.355
47499.309
48311.263
49123.217
49935.171
50747.125
.000

p
KIP/IN
.000
16239.081
32478.163
41003.676
41815.630
42627.584
43439.538
44251.492
45063.447
45875.401
46687.355
47499.309
48311.263
49123.217
49935.171
50747.125
.000

p
KIP/IN
.000
16239.081
32478.163
41003.676
41815.630



.017 43439.538

.020 44251.492
.023 45063.447
.026 45875.401
.029 46687.355
.031 47499.309
.034 48311.263
.037 49123.217
.040 49935.171
.043 50747.125
.046 .000

——— o ——— g R g

An appliel. moment
of (339\)(127) =

shead Be ewpecterd.

PILE LOADING CONDITION

3398402 KIp (See 3 I15)
.000E+00 IN-KIP
.845E+02 KIP (See pg 7@)

LATERAL LOAD AT PILE HEAD
APPLIED MOMENT AT PILE HEAD
AXTAL LOAD AT PILE HEAD

i

PAAR APPLIED
X DEFLECTION  MOMENT TOTAL SHEAR  SOIL FLEXURAL
FROM APRLIED LoAD STRESS RESIST  RIGIDITY
IN IN IN-KIP  LBS/IN*¥*2 KIP ~ LBS/IN  KIP-IN¥¥2

Fedehdede dededeldhdihhd Yekkdkddhded Fedhddehddhd hkdkhdhkdk Yehddhddkideh dekfedldllehid
.00 .308E+01 .000E+00 .410E+04 .361E+02 .000E+00 .229E+08
10.00 .282E+01 .361E+03 .818E+04 .339E+02 .000E+00 .229E+08
20.00 .257E+01 .721E+03 .123E+05 .339E+02 .000E+00 .229€E+08
30.00 .232e+01 .108E+04 .163E+05 .339E+02 .000E+00 .229E+08
40.00 .207e+01  .144E+04  .204E+05 .339E+02 .000E+00 .229E+08
50.00 .183E+01  .180E+04  .245E+05 .339e+02 .000E+00 .229E+08
60.00 .160E+01 .216E+04 .285E+05 .339E+02 .000E+00 .229E+08
70.00 .138E+01 .252E+04 .326E+05 .339E+02 .000E+00 .229E+08
80.00 .117E+01 .287E+04 .366E+05 .339E+02 .000E+00 .229E+08
90.00 .968E+00 .323E+04 .407E+05 .339e+02 .000E+00 .229E+08
100.00 .784E+00 .358E+04 .447E+05 «339€e+02 .000E+00 .229e+08
110.00 .615E+00 .394e+04  .487E+05 -339e+02 .000E+00  .229E+08
120.00 .463E+00 .429e+04 . 526E+05 .339E+02 .000E+00 .229e+08
130.00 .330E+00 .464E+04 .566E+05 .339E+02 .000E+00 .229E+08
140.00 .218E+00 499e+04 .606E+05 .339E+02 .000E+00 .229E+08
150.00 L127E+0 f@ 533e+04 .645E+05 .339E+02 .000E+00 .229E+08
160.00 .595E~01 .568E+04 .684E+05 .339E+02 .000E+00 .229E+08

170.00 .168E-01 k'.602E+04 .723E+05 . 744E+02 .433E+05 .229E+08

180.00 -.807E-03 . 346E+04 .432e+05 -.319E+03 -.457E+04 .229E+08
190.00 -.319e-02 .812E+03 .133e+05 -.176E+03 -.181E+05 .229E+08
200.00 -.153e-02 -.146E+03 .575e+04 -.392E+02 -.871E+04 .229E+08
210.00 -.275e-03 -.210E+03 .648E+04 .851E+01 -.156E+04 .229E+08

220.00 .109e-03 -.857E+02 .507E+04 .109E+02 .621E+03 . 229E+08
230.00 .102E-03 -.101E+02 .421E+04 .430E+01 .582E+03 .229E+08
240.00 .355E-04 .885E+01 .420E+04 .445E+00 .202E+03 .229E+08
250.00 .163E-05 .629E+01 .417e+04 -.476E+00 .930e+01 .229E+08
260.00 -.500€-05 .182E+01 .412E+04 -.322E+00 -.284E+02 .229E+08
270.00 -.290E-05 .812E-01 .410E+04 -.888E-01 ~-.165E+02 .229E+08
280.00 -.703E-06 .326E+00 .410E+04 .858E-02 -.399E+01 .229E+08
290.00 .179eE-06 .122E+00 .410E+04 .198E-01 .102E+01 .229E+08
300.00 .500E-06 .000E+00 .410E+04 .000E+00 .284E+01 . 229E+08
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Verification of Com624 Pushover Analysis and Results / Final Thoughts

L:= 15t Vpile := 33.9kip

I:= 789in4 Elastic Property

E := 29000ksi Steel Modulus

3
. Vpile‘L

= Ay =288in
YT 3R WS

Com624 shows 3.08" of deflection for the same load. Com624 run verified.

The maximim stress in the steel tube is 68.7ksi, above the elastic range of 42ksi. The
maximum equivalent stress for the concrete filled tube is 75.2ksi (page 89). So ok for stress.

The steel tube elastic moment capacity is 309 k*ft (page 52).
The steel tube plastic moment capacity is 402 k*ft (page 51).
The moment capacity of steel tube and concrete is 469.0 k*ft (page 89).

The shear due to earthquake loads is 33.9 kips (page 115). Multiply by the pile height (15
feet), and the total applied moment is 508.5 k*ft (page 80) - not good!

However to get the 33.9 kips, Seisab assumes the top of the column fixed. Another Seisab
run with pinned top columns has a lower shear of 24.4 kips (which makes sense since a
pinned top is less stiff and would attract less load). This value times 15 is 366 kip*ft, which
passes the column moment capacity check.

This realization does not affect the pushover analysis results, because the shear value to find
stiffnesses is determined independantly and iteratively.

Under LRFD old provisions, the earthquake shear load is 15.8 (page 133) which would have
caused an applied moment of 237 k*ft - within even elastic moment capacity.

While investigating the cause of the 508.5 k' moment, it was discovered that Seisab required
two (2) more height parameters to correctly model the bridge. The additional parameters,
C.G. of Cap, and Bearing Elevation, alter the max moment and other results by less than 5%.
Therefore the analysis will continue with the current runs.

The steel shell piles are ok.



OUTPUT RESULTS FOR AN AXIAL LOAD = 50.55 KIP
e L L R R R R L T L

MOMENT EI PHI MAX STR N AXIS
IN-KIP KIP-IN**2 1/IN IN/IN IN

23.081 .23081E+08 .000001 .00009 92.640
115.407 .23081E+08 .000005 .00013  25.680

207.732 .23081E+08 .000009 .00016 18.240
298.283 .22945E+08 .000013 .00019  15.354
375.499 .22088E+08 .000017 .00023 13.708

459.209 .21867E+08 .000021 .00026 12.814
577.107 .23084E+08 .000025 .00030 12.218
659.020 .22725E+08 .000029 .00033 11.761
709.497 .21500E+08 .000033 .00036 11.324
854.069 .23083E+08 .000037 .00039 11.026
935.485 .22817E+08 .000041 .00043  10.933
1038.730 .23083E+08 .000045 .00047 10.728

1042.656 .21279E+08 .000049 .00049 10.430
1127.771 .21279€E+08 .000053 .00053 10.430
1915.784 .23082E+08 .000083 .00078 9.834
2608.240 .23082E+08 .000113 .00103 9.536
3279.087 .22931E+08 .000143 .00130 9.498
3868.949 .22364E+08 .000173 .00157 9.464
4230.617 .20840E+08 .000203 .00186 9.536
4400.061 .18884E+08 .000233 .00213 9.536
4507.030 .17137E+08 .000263 .00241 9.536
4578.784 .15627E+08 .000293 .00268 9.536
4629.623 .14333E+08 .000323 .00296 9.536
4667.896 .13224E+08 .000353 .00323 9.536
4697.124 .12264E+08 .000383 .00351 9.536
4719.731 .11428€+08 .000413 .00378 9.536
4737.704 .10695E+08 .000443 .00406 9.536
4752.641 .10048E+08 .000473 .00433 9.536
4764.817 .94728E+07 .000503 .00461 9.536
4774.590 .89580E+07 .000533 .00488 9.536
4783.399 .84963E+07 .000563 .00515 9.536
4790.323 .80781E+07 .000593 .00543 9.536
4796.469 . 76990E+07 .000623 .00570 9.536
4802.273 . 73542E+07 .000653 .00598 9.536
4806.366 .70371E+07 .000683 .00625 9.536
4810.460 .67468E+07 .000713 .00653 9.536
4814.553 .64799€E+07 .000743 .00680 9.536
4817.358 .62320E+07 .000773 .00708 9.536
4819.923 .60024E+07 .000803 .00735 9.536
4822.489 .57893E+07 .000833 .00763 9.536
4825.054 .55910€E+07 .000863 .00790 9.536
4827.281 .54057€+07 .000893 .00818 9.536
4828.760 .52316€E+07 .000923 .00845 9.536
4830.240 .50685E+07 .000953 .00873 9.536
4831.720 .49153€e+07 .000983 .00900 9.536
4833.200 .47712E+07 .001013 .00928 9.536
4834.679 .46354E+07 .001043 .00955 9.536
4836.159 .45071E+07 .001073 .00982 9.536
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OUTPUT RESULTS FOR AN AXTAL LOAD = 35.23 KIP‘/2257
Yedededededededededededede e fdedefededededhdh e hhhddddedefhdhhhhddddd

MOMENT EI PHI MAX STR N AXIS
IN-KIP KIP-IN**2 1/IN IN/IN IN

23.081 .23081E+08 .000001 .00007  67.274
115.407 .23081E+08 .000005 .00010  20.607
206.932 .22992E+08 .000009 .00014  15.405

286.195 .22015E+08 .000013 .00017 13.410
385.186 .22658E+08 .000017 .00020 12.295
453.030 .21573E+08 .000021 .00024 11.622

570.337 .22813E+08 .000025 .00027  11.225
669.404 .23083E+08 .000029 .00030 10.728
756.270 .22917€e+08 .000033 .00034 10.678
787.312 .21279E+08 .000037 .00037  10.430

929.909 .22681E+08 .000041 .00041  10.290
954.265 .21206E+08 .000045 .00044 10.132
1039.088 .21206E+08 .000049 .00048 10.132
1195.787 .22562E+08 .000053 .00051 9.947
1915.787 .23082E+08 .000083 .00076 9.536
2371.260 .20985E+08 .000113 .00100 9.238
3000.798 .20985E+08 .000143 .00127 9.238
3578.051 .20682E+08 .000173 .00153 9.238
3887.911 .19152E+08 .000203 .00180 9.238
4054.579 .17402E+08 .000233 .00206 9.238
4160.349 .15819E+08 .000263 .00233 9.238
4231.445 .14442E+08 .000293 .00260 9.238
4281.868 .13257E+08 .000323 .00286 9.238
4319.847 .12238E+08 .000353 .00313 9.238
4348.860 .11355E+08 .000383 .00339 9.238
4371.305 .10584E+08 .000413 .00366 9.238
4389.151 .99078E+07 .000443 .00392 9.238
4403.981 .93107e+07 .000473 .00419 9.238
4416.072 .87795E+07 .000503 .00446 9.238
4425.773 .83035e+07 .000533 .00472 9.238
4434.517 . 78766E+07 .000563 .00499 9.238
4441.388 .74897E+07 .000593 .00525 9.238
4447 .486 .71388E+07 .000623 .00552 9.238
4453.243 .68197E+07 .000653 .00578 9.238
4457.301 .65261E+07 .000683 .00605 9.238
4461.358 .62572E+07 .000713 .00632 9.238
4465.416 .60100E+07 .000743 .00658 9.238
4468.191 .57803E+07 .000773 .00685 9.238
4470.730 .55675E+07 .000803 .00711 9.238
4473.268 .53701E+07 .000833 .00738 9.238
4475.807 .51863E+07 .000863 .00764 9.238
4478.008 .50146E+07 .000893 .00791 9.238
4479.466 .48532E+07 .000923 .00818 9.238
4480.925 .47019€+07 .000953 .00844 9.238
4482.384 .45599e+07 .000983 .00871 9.238
4483.843 .44263E+07 .001013 .00897 9.238
4485.301 .43004E+07 .001043 .00924 9.238
4486.760 .41815E+07 .001073 .00950 9.238
4487 .667 .40686E+07 .001103 .00977 9.238
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OUTPUT RESULTS FOR AN AXIAL LOAD = 19.91 KIP
L L L E 2 L R T T e L 1

MOMENT EI PHI MAX STR N AXIS
IN-KIP KIP-IN¥**2 1/1IN IN/IN IN
23.081 .23081E+08 .000001 .00004  41.907
115.452 .23090E+08 .000005 .00008  15.496
196.146 .21794E+08 .000009 .00011 12.516
279.499 .21500E+08 .000013 .00014 11.324
392.409 .23083E+08 .000017 .00018 10.728
446.853 .21279E+08 .000021 .00021  10.430

530.147 .21206E+08 .000025 .00024 10.132
658.410 .22704E+08 .000029 .00028 10.008

761.697 .23082E+08 .000033 .00031 9.834

852.753 .23047€E+08 .000037 .00035 9.826

923.960 .22536E+08 .000041 .00038 9.645
1038.679 .23082E+08 .000045 .00041 9.536
1131.007 .23082E+08 .000049 .00045 9.536
1223.334 .23082E+08 .000053 .00049 9.536
1741.722 .20985E+08 .000083 .00074 9.238
2595.435 .22968E+08 .000113 .00100 9.212
3226.650 .22564E+08 .000143 .00124 9.077
3853.890 .22277E408 .000173 .00150 9.056
4171.562 .20550E+08 .000203 .00177 9.091
4345.982 .18652E+08 .000233 .00203 9.114
4459.167 .16955E+08 .000263 .00230 9.133
4536.082 .15482E+08 .000293 .00257 9.147
4589.586 .14209E+08 .000323 .00283 9.153
4589.586 .13002E+08 .000353 .00313 9.238
4589.586 .11983E+08 .000383 .00339 9.238
4589.586 .11113E+08 .000413 .00366 9.238
4589.586 .10360E+08 .000443 .00392 9.238
4589.586 .97031E+07 .000473 .00419 9.238
4589.586 .91244€+07 .000503 .00446 9.238
4589.586 .86109E+07 .000533 .00472 9.238
4589.586 .81520E+07 .000563 .00499 9.238
4589.586 . 77396E+07 .000593 .00525 9.238
4589.586 . 73669E+07 .000623 .00552 9.238
4589.586 .70285E+07 .000653 .00578 9.238
4589.586 .67197€E+07 .000683 .00605 9.238
4589.586 .64370E+07 .000713 .00632 9.238
4589.586 .61771E+07 .000743 .00658 9.238
4589.586 .59374€e+07 .000773 .00685 9.238
4589.586 .57155E+07 .000803 .00711 9.238
4589.586 .55097E+07 .000833 .00738 9.238
4589.586 . 53182E+07 .000863 .00764 9.238
4589.586 .51395€e+07 .000893 .00791 9.238
4589.586 .49725E+07 .000923 .00818 9.238
4589.586 .48159E+07 .000953 .00844 9.238
4589.586 .46690E+07 .000983 .00871 9.238
4589.586 .45307E+07 .001013 .00897 9.238
4589.586 .44004€E+07 .001043 .00924 9.238
4589.586 .42773e+07 .001073 .00950 9.238
4589.586 .41610E+07 .001103 .00977 9.238
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OUTPUT RESULTS FOR AN AXIAL LOAD = 12.25 KIP

Tehedhehdddefehdehdddeddededdhdhfef ekt fhhhdhhdddhhddefhddddid

MOMENT EL PHI MAX STR N AXIS
IN-KIP KIP-IN**2 1/IN “IN/IN IN

23.081 .23081E+08 .000001 .00003  29.223
109.335 .21867E+08 .000005 .00006  12.814
207.746 .23083E+08 000009 .00010 11.026
276.623 .21279E+08 .000013 .00013  10.430

360.500 .21206E+08 .000017 .00017  10.132

484.716 .23082E+08 .000021 .00020 9.834

564.079 .22563E+08 .000025 .00023 9.657

669.371 .23082E+08 .000029 .00027 9.536

761.698 .23082E+08 .000033 .00030 9.536

839.394 .22686E+08 .000037 .00033 9.416

860.369 .20985E+08 .000041 .00036 9.238

944,307 .20985E+08 .000045 .00040 9.238
1028.246 .20985E+08 .000049 .00043 9.238
1112.184 ~ .20985E+08 .000053 .00047 9.238
1878.270 .22630E+08 .000083 .00072 9.102
2363.046 .20912E+08 .000113 .00097 8.940
2990.403 .20912E+08 .000143 .00122 8.940
3589.197 .20747€E+08 .000173 .00148 8.940
3892.981 .19177E+08 .000203 .00174 8.940
4058.762 .17420E+08 .000233 .00199 8.940
4164.143 .15833E+08 .000263 .00225 8.940
4235.028 .14454E+08 .000293 .00251 8.940
4285.318 .13267E+08 .000323 .00276 8.940
4323.205 .12247€e+08 .000353 .00302 8.940
4352.151 .11363E+08 .000383 .00328 8.940
4374.547 .10592E+08 .000413 .00354 8.940
4392.355 .99150E+07 .000443 .00379 8.940
4407.154 .93175€E+07 .000473 .00405 8.940
4419.221 .87857E+07 .000503 .00431 8.940
4428.902 .83094E+07 .000533 .00456 8.940
4437.630 .78821E+07 .000563 .00482 8.940
4444 .487 . 74949E+07 .000593 .00508 8.940
4450.574 .71438E+07 .000623 .00533 8.940
4456.319 .68244E+07 .000653 .00559 8.940
4460.370 .65306E+07 .000683 .00585 8.940
4464.420 .62615E+07 .000713 .00610 8.940
4468.470 .60141E+07 .000743 .00636 8.940
4471.240 .57843€e+07 .000773 .00662 8.940
4473.774 .55713E+07 .000803 .00687 8.940
4476.308 .53737E+07 .000833 .00713 8.940
4478.842 .51899E+07 .000863 .00739 8.940
4481.038 .50180E+07 .000893 .00764 8.940
4482.494 .48564E+07 .000923 .00790 8.940
4483.951 .47051e+07 .000953 .00816 8.940
4485.407 .45630E+07 .000983 .00841 8.940
4486.863 -44293E+07 .001013 .00867 8.940
4488.319 .43033E+07 .001043 .00893 8.940
4489.775 .41843E+07 .001073 .00919 8.940
4490.680 .40713E+07 .001103 .00944 3.828

4491.419  .39642E+07 .001133 .00970
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P-A Capacity Requirement - Step 10

P-A_Capacity Requirement for SDC C & D_(Section 4.3)

A column bent by an earthquake has reduced strength. Gravity loads on such a column should be
considered. The magnitude of displacement can only be accurately determined by a non-linear
time history analysis. Instead of this, the following equation can be used:

PqrAy < 0.25Mp for concrete members

kip := 10001lb
i i
My, := 401.95kip-ft plastic moment Sti= "
m
Ar=Ap ~ Ag
Ap := 2.014in The deflection from seisab magnified by Rj.
Ag:= 0Oin Pile shaft displacement from maximum moment. | do not know
what this value is, but using zero will be conservative.
Ap:= Ap - Ag A;=2.014in This check probably rarely
controls. Even if the deflection is
- 38.63ki made equal to the unelastic
P¢:= 38.63kip deflection, the P-A capacity is ok.
Py, == 12.5kip
Pgp = 0.9P; + 0.65Py, Dead load combination for Extreme Event I.

PgrAr=7.199kipft < 0.25Mp, = 100.487 kip-ft

x:= |x <« "OK" if PgrAr <0.25-Mp Is P-A capacity acceptable?
x <« "NO GOOD" otherwise

return x
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LOCUST CREEK RELIEF AND MUD SLOUGH DITCH
Line Girder : Rating Output : Reactions

Factored Reactions - Strength I - k

Location DC1 DC2+DW Live+Imp Live+Imp . Max Min
: Down Up ' ’ Total Total
Includes ductility, redundancy, and operational factors.

0.00 15.72 4.5 111.73" -13.59 131.98 6.66
Steel 1.31
Conc 14.42

28.00 48.29 17.4 172.36 -15.37 238.12 50.39
Steel 1.34
Conc 46.94

62.00 48.29 17.4 172.36 -15.37 238.12 50.39
Steel 1.34
Conc 46.94

90.00 15.72 4.5 111.73 -13.59 131.98 6.65
Steel 1.31
Conc 14 .42

Unfactored Reactions - k

Location DC1 DC2+DW Live+Imp Live+Imp Max Min
‘ Down Up Total Total
Includes ductility, redundancy, and operational factors.

0.00 12.58 3.1 63.85 -7.76 79.60 7.99
Steel 1.04
Conc 11.53

28.00 Y38.63 12.5l 98.49 ~-8.78 149.65 42 .38
Steel 1.07

Conc 37.55 51"3 ‘49)9

62.00 38.63 12.5 98.49 -8.79 149.65 42.38
Steel 1.07
Conc 37.55

90.00 12.58 3.1 63.85 =7.77 79.60 7.99
Steel 1.04
Conc 11.53
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Member/Component Performance Requirement - Step 11

This step consists of following many "substeps" on two flowcharts, Figure 1.3F and Figure 1.3G.
This bridge is a Type1** bridge, consisting of a concrete filled steel pipe substructure.

Combined Axial Compression and Flexure (Section 7.6.1) kip = 1000b
P B-M M ksi = -15521
-+ - <10 and — <10 in
PI‘ MI’C Mrc
K:=2 Effective length factor in LRFD 4.6.2.5. K=1
transversly and K=2 longitudinally. Column will flex
about weak axis, so use K=2.

1:= 15f Length from top of column to fixity.

rg = F Ig ;= 6.189in Radius of Gyration, see Step 5: 18"

A Pipe Plastic Section Properties.

Ci:=1 Constant from LRFD Table 6.9.5.1.1

Cy = 0.85

Fy := 42ksi Yield strength of steel shell.

Fyy := 60ksi Yield strength of reinforcement steel.

A= 0in” Area of longitudinal reinforcement

Ag:= 20.616in2 Area of steel shell

f, := 3.5ksi 28 day concrete strength
.2 T .2 .
Ag = (17.124in) 7 A¢g=230.303in Inside concrete area
Ar Ac ,
Fe = Fy + Cler‘ — |+ C2'fc' - FC = 75.234 ksi
, As -\ As
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C3:=04 Constant from LRFD Table 6.9.5.1.1

b Ib
E := 29000ksi B, = 33-(145).3500%° = E, = 3.409 x 10° —
in in2
E
n.=— n = 8.507
Ec
C3\ [ A
Bei= B 14| — || = E, = 4.423 x 10" ksi
n Ag
2
K1) F
A= | — | — A = 0.583
Ig-T Ee
Ph:= |p « 0,667‘.}:6. Ag if A <225 Compressive resistance of a composite column.
0.88-Fo-Ag
p ¢ ———— otherwise 3 .
A P, =1.217x 107 kip
return p
de= 0.8 Pri= ¢ Py Py = 973:834 kip

Below is the factored moment resistance calculations for a concrete filled steel pipe. Using Method
2 - Approximate Geometry (Recommended LRFD Guidelines - 7.6.2).

1
D:= 18in - 2-—in t:= 0.4375in — lin t=0.375in
16 16

At
2D-f + 4t-(2Fy - £)

¢¢:= 1.0 For flexure Z = 114.84in° Plastic Modulus

My = w[(z - 2.t.hn2>~Fy + B—-(O.&D —9° - (05D - t)-hnz}-fcj[
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Calculate Pn again based on A=0. A=0
Ph:= |p « 0,667L -ForAg if A <225 Compressive resistance of a composite column.
0.88-F¢ Ag
p < —— otherwise 3.,
P, =1.551x 10" kip
return p
¢c:=0.8 Pro = ¢¢Pp Pro =1.241 % I,'OSkip
Proi= ¢ At P, = 644.849 kip
Pro—P P, BM,
Bi= —— B =0.924 =+ —2<10
P Py My

P, := 238.12kip
1

2
My = (3677 + 100%) kip-te

P, B:M,
— +
PI’ Mrc

= 0.999

Result:= |r<«1
P B-M
re0 if — 4 —o
3 My

My
r<0 if —>1
Ic

r< "FAIL" if r<1
r < "PASS" otherwise

return r

Factored loads from MDX
Moments due to EarthQuake from Seisab run. This is

transverse plus longitudinal moments.

Combined load equation.

Combined Axial Compression and Flexure.

>1

0



7.6.3 Beams and Connections

Capacity protected members must be designed to resist the forces from hinging in the
concrete filled pipes.

4.12 Satisfy Support Requirements Seat Width

Sk2
N=(4+ Ao+ 1.658¢g)| 1 + o0 ) > 12in

Aot:=1 Movement from thermal expansion/contraction, shrinkage, or creep.
1 inch minimum for a 100’ bridge. Our bridge is 90' long with 0.454" of
deflection. Should probably use the 1" minimum.

Agq:i= 0.093x 12 Maximum longitudinal displacement (in).

Sg:=0 Skew angle in degrees measured from a line normal to the span.
Ignoring the skew term since it dramatically lowers the seat width.

N:= (4 + Aot + 1.65A¢g)in N = 6.841in

Seatwidth:= |p « N Compressive resistance of a composite column.
p « 12in if N<12in
return p Seatyigth = 12in

4.14 Superstructure Shear Keys

Shear keys are typically designed to fuse at the "Life Safety Design Event" and stay elastic at
a lower more frequent earthquake event.

Vok = 2Vnk The overstrength shear key capacity should be used in assessing adjacent
members.



Transverse Shear Design kip := 10001b Rdabut := 0.8

EQ := 302.1kip Max transverse seismic force at Int. Bents from Seisab
(no abutment soil condition)

Vo = EQ Vi = 377.625kip  See above, also from LRFD 3.10.7
Rdabut
Vok = 2-Vpk Is the overstrength shear key capacity used to design shear blocks, or only

shear keys and adjacent members? Not using overstrength for this design.

It is office policy that shear blocks must be used in a Seismic 3 or 4 region. If four shear blocks
are assumed (75' wide bridge), the total required shear capacity can be divided by 4.

Vyi= — Vi = 94:406kip

Four 3'-0 wide by 3'-0" long shear blocks are used, USE SHEAR FRICTION design (LRFD 5.8.4).

Use #4 rebars for the shear blocks, 16 total.

I'l:‘- 3’ oo
o . 2 N
kip 4in
f, = 60— Ayfi= 16| —
y ) vf ( ] 6) . . . . *
m
i . 2 . .
pe=1 Ay = 3.142in
i
Vo= Aypfyrn Vy = 188.496kip 3 ¢ ¢
. .
But must be less than:
. . . . »
£ o= 3.5 KR Aoy = (389)° ’
in? Plan View
Checkl := 0.2fAgy Checkl = 907.2kip
kip

Check?2 := 0.8-—-—2—-ACV

m

Check2 = 1.037 x 10° kip
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SHEAR BLOCK := |s « "PASS" if Vj < Checkl < Check2
s « "PASS" if Vj < Check2 < Checkl

s « "FAIL" otherwise

return s
I 3 o
Vg = 0.85-Vy #4 Ties 3" T
75"
\ -‘I I_gll
Vg = 160.221 kip 75" J’_
N | DU R I 3!!
SHEAR BLOCK := |s < "PASS" if Vy<Vj | Constr. Jt.

s <« "FAIL" otherwise

return s

Use 4 shear blocks

6.2 Foundation Investigation

Two borings of the site, near the interior bents were drilled. Piles were chosen to support the
bridge based on economics. Groundwater level, and blow counts are detailed on the boring logs.
Liquefaction has been considered and found to be inconsequential.

6.4 Pile Cap Foundation Design

This design does NOT use a pile cap foundation, just piles.
6.5 Drilled Shafts

Drilled shafts shall be designed like columns in SDC B, C, or D. If only one drilled shaft is used
per bent, its lateral force must be multiplied by 1.5 - this guarantees stability.
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6.7 Abutment Design

For monolithic abutments where the abutment forms an integral part of the bridge superstructure,
the abutment shall be designed using one of two ways depending on the contribution level
accounted for in the analytical model:

1. At a minimum the abutment shall be designed to resist the lesser of the active pressure
applied by the abutment backfill, or the maximum estimated longitudinal earthquake force
transferred to the abutment.

A. Checked against a recently modified AHTD backwall sheet to protect against failure from
backfill pressure. The backwalls are good.

2. If the abutment is part of the ERS and required to mobilize the full passive pressure, a
reduction factor greater than or equal to 0.5 shall be applied to the design forces (provided a brittle
failure does not exist in the load path transmitted to the superstructure.

Vertical acceleration may be omitted.

For SDC D (5.2.4.2) transverse loading, the stiffness contribution of piles 16" or less shall be
ignored if the abutment displacement is greater than 4 inches.

For SDC D bridges, the abutment skew should be minimized. Approach slabs providing

structural support between approach fills and and abutments shall be provided. Slabs
shall be adequately linked to abutments using flexible ties. Liquefaction may govern.

Excepting approach slabs, abutments are good.

Design is COMPLETE according to the new guideline sheets. Going ahead and checking bearing
stress as done in the old design.

Bearing Stress (5.7.5)

The factored bearing stress shall be taken as: P, =¢-P, ¢ = 0.85

This bearing check is on the transverse load coming in to bear on the shear blocks. The force is
transmitted by a concrete longitudinal restrainer at the interior bents which is one (1) foot wide.
The height of the bearing area is calculated as shown.

9
hb=(18+2+_—ﬁ—5_]—g—5jm 5" T
5 916" T
hp = 9.063in e K h
8/16" 231" 1-8"

Subtract the chamfered corner of the shear block
from the bearing area.
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3
hy = hp - Zin hy =8.313in

. .2
Aq = hp-12in A1=99.75in
Pn = 0.85'fc'A1'm Pr = ¢'Pn

BEARING := |b « "PASS" if V<P,
b < "FAIL" otherwise
return b

Shear Ties for the Shear Block (LRFD 5.8.3.3)

b V,, = 111.066 ki
= — = . 1
T 0.85 n P
Ib
Ve = 2:3500%° | = |-by-dy
in2
Vg = Vp - Vo Vg = 57:821kip

m:=1 Modification factor

The bearing area of the concrete transverse
restrainer on a shear block.

P, = 252.243 kip

by = 36in — 2-3in dy:= 2lin - 2-3in

V. = 53.245kip

The concrete needs reinforcement to handle the shear stress.

Five (5) rows of bars with five (5) bars in each row. So 25 bars total.

4in 2 2
Ag=m| — A4 =0.196in
16
Vg = 60ksi-Ay
Shearsteel = V < "PASS" if VS > Vn i Vc
v < "FAIL" otherwise
return v

Api= 25-A4 Ay = 4.909in°

Provide #4 bars at 7.5" spacing as shown
previously.




Concrete Diaphragm Design

There is shear friction between
the slab and diaphragm

108"

(LRFD 5.8.4).

Try 9 #5 U-Bars at 12"

Il
—

Sin 2
n=9% Ag=mn|{—
16

i
V= n-A4-60—1‘23-m V,, = 165.67kip

m

by := 12in dy := 108in

Checkl := 0.2 Agy
Check? := 0.8-532’--ACV
in

VN = |min <~ Checkl if Checkl < Check2
min <— Check2 otherwise

v« Vg if V, <min

v < min if V> min

return v

CONCDIAy := v« "PASS" if VN>V,
v « "FAIL" otherwise

return v

Longitudinal Steel

505" | 2G5

Agy = bydy

Checkl = 907.2kip

Check2 = 1.037 x 10° kip

Use #6 bars longitudinal, see Job 110390, bridge 06983
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Longitudinal Restrainers Design

EQ := 281.2kip

beams := 9

EQ

Vyu:

Use 1/16" weld: throat := (-l—ig)-sin(45)

3.( ] :t

9“

- R gabut beams

Maximum Longitudinal Force in Seisab at Interior Bents.

There are nine beams that will take longitudinal force.

Vy = 39.056kip

Each restrainer will carry 39 kip.

throat = 0.2131in

Fy = 5892 Grade 36 weld
in2
kip
F:= 045F, F=26.1— Weld Strength
in2
, Vy
Required length of weld: = L =7.034in
F-throat
Allowable bearing stress on concrete is : foq == ¢-0.85.f; foa = 2,0835‘2
in2
. Vy . 2
minimum concrete area Areapip = = Areapi, = 18.754in
ca
1 []" n 1l g i
[ | - B 3/4"x10"x 11 3/
T
5.625"
—————————— -~ — Top of Cap
B 34" x 11 12" x 8"
— B 114" x 10" x 1
" 3"x3"Clip

"o.5"
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— R 34" x 10" x 11 34"
R11/4" % 10" x 1" /

I
weld 34
344" clip
— B 314" x 11112 x 9"
l 6" |
| 1
Abearing == 10in-3.375in + 7in-3in BEARINGAREA = |a < "PASS" if Apearing > Areamin

a < "FAIL" otherwise

return a

Abearing = 54.75in”

3
Lyeld := 2(9in - Zin)

LENGTHwELD = |1 < "PASS" if Lyelg>L

1 «~ "FAIL" otherwise

return |

Lyeld = 16.5in

See Job 100381 for determination of plate thicknesses.
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Pile Connection to Cap ( Axial - Check Standard Strap Design )

Maximum Seismic Axial Force _ 59.1kip

from Column at Bent 2 in Seisab: Py:= R Py =73.875kip
dabut

Max strength of fillet weld = 0.45Fu and Grade 36 Straps, Fu = 58ksi.

F =261 5P
.2
n
Use 1/4" WELD: throat := %-sin(%) throat = 0.213in
Use four (4) st P Pu
straps: ui= — 1.
! A
P, O [
= L =3.326in \\ /'f
F-throat ]
Use a Plate 0.5" x 2.5"
Py kip

m

" 0.5in-2.5in

y
PLATECHECK = |p < "PASS" if Gmax < 36~——1§—

m

p « "FAIL" otherwise

return p

Top of cap
18"

05" % 25" plate
Pile Check

Pile checks, and liquefaction checks for all 4 bents, have already been completed by Kyle. See
his job folder.

9
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WinSeisab
Seismic Analysis of Bridges

Version 5.0.7 Release 10/2003

Imbsen Software Systems
www.Imbsen.com
(GUI) CV-McBridge Software

Windows By:

www.CV-McBridge.com
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*
*

Licensed To:

*
*

*
*
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*
* %

Mar 03, 2004
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* Jon Lea *
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* James Gates *
* ¥
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O Page

- — = - WinSEISAB - - - - (Version 5.0.7) 13-SEP~06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

VIBRATION CHARACTERISTICS

1 0.230 1.20
2 0.294 1.20

1
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O Page 2

- = - — WinSEISAB - - - - (Version 5.0.7) 13-SEP-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO DISPLACEMENTS

....LEFT FACE.... ....RGHT FACE.... ...OPNNG/CLSNG...
ITEM LC LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE
ABU 1 1 0.052 0.000 0.052 0.000 0.000 0.000
2 0.000 0.084 0.000 0.084 0.000 0.000
3 0.052 0.025 0.052 0.025 0.000 0.000
4 0.016 0.084 0.016 0.084 0.000 0.000
ABU 4 1 0.052 0.000 0.052 0.000 0.000 0.000
2 0.000 0.084 0.000 0.084 0.000 0.000
3 0.052 0.025 0.052 0.025 0.000 0.000
4 0.01l6 0.084 0.016 0.084 0.000 0.000
**x* T,0AD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new code.ssb



0 Page
- - - — WinSEISAB - - - - (Version 5.0.7) 13-SEP-06
Imbsen and Associates, Inc.
Mud Slough Ditch
UNIFORM LOAD METHOD RESULTS
COLUMN PSEUDO FORCES
...LNGITUDNL.... ....TRANSVRSE....
CL LOC LC SHEAR MOMENT SHEAR MOMENT AXIAL TORSION
BNT 2
1 BOT 1 17.5 181. 0.0 0. .1 0.0
2 0.1 1. 31.6 316. 2 0.1
3 17.5 181. 9.5 95 2 0.0
4 5.3 55. 31.6 316. .2i 0.1
1 ToP 1 17.5 163. 0.0 0 0.1 0.0
2 0.1 1. 31.6 306 57.2 0.1
3 17.5 164. 9.5 92. 17.2 0.0
4 5.3 50. 31.6 306. 57.2 0.1
2 BOT 1 17.5 181. 0.0 0. 0.4 0.0
2 0.1 1. 32.8 324. 12.5 0.1
3 17.5 181. 9.8 97. 4.2 0.0
4 5.3 55. 32.8 324. 12.7 0.1
2 TOP 1 17.5 163. 0.0 0. 0.4 0.0
2 0.1 1. 32.8 321. 12.5 0.1
3 17.5 164. 9.8 96. 4.2 0.0
4 5.3 50. 32.8 321. 12.7 0.1
3 BOT 1 17.5 181. 0.0 0. 0.8 0.0
2 0.0 0. 32.9 325. 4.1 0.1
3 17.5 181. 9.9 97. 2.1 0.0
4 5.3 55. 32.9 325. 4.3 0.1
3 ToP 1 17.5 163. 0.0 0. 0.8 0.0
2 0.0 0. 32.9 322. 4.1 0.1
3 17.5 164. 9.9 97. 2.1 0.0
4 5.3 49. 32.9 322. 4.3 0.1
4 BOT 1 17.5 181. 0.1 1. 6.8 0.0
2 0.0 0. 32.8 324. 0.2 0.1
3 17.5 181. 10.0 98. 6.9 0.0
4 5.3 54. 32.8 324. 2.2 0.1
*** T,OAD CASE/COMB DESCRIPTION
Longitudinal
Transverse

1.0*Long + 0.3*Trans
0.3*Long + 1.0*Trans

4

C:\Users\pjte081\br100566\07041 new code.ssb
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- = - = WinSEISAB - - - - (Version 5.0.7) 13-SEP-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNTIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL

ABU 4 1 23.8 448.4 0.0 448.4 0.0
2 0.0 0.0 312.9 0.0 312.9
3 23.8 448.4 93.9 448.4 ©93.9
4 7.1 134.5 312.9 134.5 312.9
A
4! 314.¢ k (/m@)
¥‘§~ 
Y 5856 k (sher)
17
i
INTEGRAL BRIDGE — USE RENT FORCES
* x *
i CSCKITIION S nent pase
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new code.ssb
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] Page 12

- = ~ = WinSEISAB - - - - (Version 5.0.7) 13-SEP-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

BENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
BNT 2 1 37.6 0.0 157.3 0.0
2 0.0 292.8 0.0 292.8
3 37.6 87.8 157.3 87.8
4 11.3 292.8 47.2 292.8
BNT 3 1 37.6 / 0.0 157.3 0.0
2 0.0 } 292.8 0.0 292.8
3 37.6 / . 87.8 157.3 87.8
4 11.3 . 292.8 47.2 292.8
3(1573) = 3M4.6 A
20092%) 7 5%5.6
*** T,0AD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new code.ssb
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WinSeisab
Seismic Analysis of Bridges
Version 5.0.7 Release 10/2003
Imbsen Software Systems

www.Imbsen.com
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Lol T S I I S R S S R

Windows (GUI) By: CV-McBridge Software
www.CV-McBridge.com
K Licensed To: —————==—=——r———me oo *
* *

*
*

Arkansas State Highway & Transportation Dept.

* *
K e e e e e e e Mar 03, 2004 —————mmm e *
* *
* *
* *
* Written By: Roy Imbsen *
* Jon Lea *
* Clark Verkler *
* James Gates *
* *
B T i I R D R R R R R R R R R R R

Date: 28-AUG-06 Time: 15:44:09
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- — - — WinSEISAB - - - - (Version 5.0.7) 28-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

VIBRATION CHARACTERISTICS

1 0.086 1.17
2 0.226 1.20

1
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] Page
- - - — WinSEISAB - - - - (Version 5.0.7) 28-~AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch
UNIFORM LOAD METHOD RESULTS
ABUTMENT PSEUDO DISPLACEMENTS

..LEFT FACE.... ....RGHT FACE.... ...OPNNG/CLSNG...
ITEM LC LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE
ABU 1 1 0.007 0.000 0.007 0.000 0.000 0.000
2 0.000 0.049 0.000 0.049 0.000 0.000
3 0.007 0.015 0.007 0.015 0.000 0.000
4 0.002 0.049 0.002 0.049 0.000 0.000
ABU 4 1 0.007 0.000 0.007 0.000 0.000 0.000
2 0.000 0.049 0.000 0.049 0.000 0.000
3 0.007 0.015 0.007 0.015 0.000 0.000
4 0.002 0.049 0.002 0.049 0.000 0.000

*** T,0AD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

2

C:\Users\pjte081\br100566\07041 new up.ssb
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- = = — WinSEISAB - - - - (Version 5.0.7) 28-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

COLUMN PSEUDO FORCES

....LNGITUDNL.... ....TRANSVRSE....
CL LOC LC SHEAR MOMENT SHEAR MOMENT AXIAL TORSION
BNT 2
1 BOT 1 2.3 24, 0.0 0. 0.0 0.0
2 0.2 2. 18.7 187. 33.8 0. STRRP
3 2.4 25. 5.6 56. 10.2 .0
4 0.9 9. 18.7 187. 33.8 0.1
1 TOoP 1 2.3 22. 0.0 0. 0.0 0.0
2 0.2 2. 18.7 181. 33.8 0.1
3 2.4 22. 5.6 54. 10.2 0.0
4 0.9 8. 18.7 181. 33.8 0.1
2 BOT 1 2.3 24. 0.0 0. 0.1 0.0
2 0.1 1. 19.4 192. 7.4 0.1
3 2.4 25. 5.8 57. 2.3 0.0
4 0.8 8. 19.4 192. 7.4 0.1
2 Top 1 2.3 22. 0.0 0. 0.1 0.0
2 0.1 1. 19.4 190. 7.4 0.1
3 2.4 22. 5.8 57. 2.3 0.0
4 0.8 8. 19.4 190. 7.4 0.1
3 BOT 1 2.3 24. 0.0 0. 0.1 0.0
2 0.1 1. 19.4 192. 2.4 0.1
3 2.4 24, 5.8 58. 0.8 0.0
4 0.8 8. 19.4 192. 2.4 0.1
3 TOP 1 2.3 22, 0.0 0. 0.1 0.0
2 0.1 1. 19.4 191. 2.4 0.1
3 2.4 22. 5.8 57. 0.8 0.0
4 0.8 7. 19.4 191. 2.4 0.1
4 BOT 1 2.3 24. 0.0 0. 0.9 0.0
2 0.0 0. 19.4 192. 0.1 0.1
3 2.4 24, 5.8 58. 0.9 0.0
4 0.7 8. 19.4 192. 0.4 0.1
*** TOAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new up.ssb
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O Page 10

- - - — WinSEISAB = = = = (Version 5.0.7) 28-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
ABU 1 1 3.2 568.2. 0.0 568.2 0.0
2 0.0 0.0 432.6 0.0 432.6
3 3.2 568.2 129.8 568.2 129.8
4 1.0 170.5 432.6 170.5 432.6
ABU 4 1 3.2 568.2 0.0 568.2 0.0
2 0.0 0.0 432.6 0.0 432.6
3 3.2 568.2 129.8 568.2 129.8
4 1.0 170.5 432.6 170.5 432.6
—NT
n R
ij‘ < 42,7 (Jon ceshier)
“ £, 242 (Shor)
USE BENT FORCES FoR RESTRAINERS
~ M.
*** LOAD CASE/COMB DESCRIPTION <’NTt6KAL A@U%MAWNTS>
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4

0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new up.ssb
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~ - — = WinSEISAB - - - - (Version 5.0.7) 28~-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

BENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
BNT 2 1 5.0 21.1 0.0 21.1 0.0
2 0.0 0.0 173.1 0.0 173.1
3 5.0 21.1 51.9 21.1 51.9
4 1.5 6.3 173.1 6.3 173.1
BNT 3 1 5.0 21.1 0.0 21.1 0.0
2 0.0 0.0 173.1 0.0 173.1
3 5.0 21.1 51.9 21.1 51.9
4 1.5 6.3 173.1 6.3 173.1
LoNG ReSTR
‘ SHeAR Tesig
2(2’.‘)’ 42.2 2(’73 ) )
1) < 3462
**%* TOAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new up.ssb
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WinSeisab
-Seismic Analysis of Bridges
Version 5.0.7 Release 10/2003
Imbsen Software Systems

www.Imbsen.com

¥ ok K ok % ok ok ok % ok ok ok k% ok % ok ok F ok 3k
ok Kk K ok Ok ok ok % K K ok %k % b X Ok ok ¥ %

Windows (GUI) By: CV-McBridge Softw%xe
www.CV-McBridge.com
N e e e Licensed To: ———=———=-—————m—m o *
* *
* Arkansas State Highway & Transportation Dept. *
* *
e e Mar 03, 2004 ——-——--—-———————————————— *
* *
* *
* *
* Written By: Roy Imbsen *
* Jon Lea *
* Clark Verkler *
* James Gates *
* *
****************************************************************

Date: 28-AUG-06 Time: 15:55:38
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- - - = WinSEISAB - - - - (Version 5.0.7) 28-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

VIBRATION CHARACTERISTICS

1 0.308 1.20
2 0.298 1.20

1
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- - - — WinSEISAB - - - - (Version 5.0.7) 28-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO DISPLACEMENTS [ Sdme o3 b?f*‘f;)

....LEFT FACE.... ....RGHT FACE.... ...OPNNG/CLSNG...
ITEM LC LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE
ABU 1 1 0.093 0.000 0.093 0.000 0.000 0.000
2 0.000 0.087 0.000 0.087 0.000 0.000
3 0.093 0.026 0.093 0.026 0.000 0.000
4 0.028 0.087 0.028 0.087 0.000 0.000
ABU 4 1 0.093 0.000 0.093 0.000 0.000 0.000
2 0.000 0.087 0.000 0.087 0.000 0.000
3 0.093 0.026 0.093 0.026 0.000 0.000
4 0.028 0.087 0.028 0.087 0.000 0.000
*x* T,0OAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new down.ssb
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- - - — WinSEISAB - - = -

(Version 5.0.7)
Imbsen and Associa

Mud Slough Ditch

Page

28~-AUG-06
tes, Inc.

UNIFORM LOAD METHOD RESULTS

CL LOC LC
BNT 2

1 BOT 1
2

3

4

1 T0P 1
2

3

4

2 BOT 1
2

3

4

2 TOP 1
2

3

4

3 BOT 1
2

3

4

3 TOP 1
2

3

4

4 BOT 1
2

3

4

*%% TOAD CASE/COMB

COLUMN PSEUDO FORCES

. .LNGITUDNL.... ....TRANSVRSE....

SHEAR MOMENT SHEAR MOMENT AXIAL

31.2 323. 0.0 0. 0.1
0.1 1. 32.6 326. 59.1
31.3 323. 9.8 98. 17.8
9.5 98. 32.6 326. 59.1
31.2 292, 0.0 0. 0.1
0.1 1. 32.6 316. 59.1
31.3 293. 9.8 95. 17.8
9.5 89. 32.6 316. 59.1
31.2 323. 0.0 0. 0.8
0.1 1. 33.8 334. 12.9
31.3 323. 10.2 100. 4.7
9.4 98. 33.8 334. 13.2
31.2 292. 0.0 0. 0.8
0.1 1. 33.8 331. 12.9
31.3 292. 10.2 100. 4.7
9.4 88. 33.8 331. 13.2
31.2 323. 0.0 0. 1.5
0.0 0. 33.9 335. 4.2
31.3 323. 10.2 101. 2.8
9.4 97. 33.9 335. 4.7
31.2 292. 0.0 0. 1.5
0.0 0. 33.9 333. 4.2
31.3 292. 10.2 100. 2.8
9.4 88. 33.9 333. 4.7
31.2 323. 0.2 1. 12.2
0.0 0. 33.8 335, 0.2
31.2 323. 10.4 102. 12.3
9.4 97. 33.9 335. 3.8
DESCRIPTION
Longitudinal
Transverse

1.0*Long + 0.3*Trans
0.3*Long + 1.0*Trans

TORSION

[eNeReoNe]

[oNeoNeNe]

OO OO

[eReReNe)

[eReNoNol

OO OO

B O RO

= OO P OPO P OPrP o

OO

R OO

4
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- - — - WinSEISAB - - - - (Version 5.0.7) 28-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
ABU 1 1 42.5 324.5 0.0 324.5 0.0
2 0.0 0.0 303.6 0.0 303.6
3 42.5 324.5 91.1 324.5 91.1
4 12.8 97.4 303.6 97.4 303.6
ABU 4 1 42.5 324.5 0.0 324.5 “0.0
2 0.0 0.0 303.6 0.0 303.6
3 42.5 324.5 91.1 324.5 91.1
4 12.8 97.4 303.6 97.4 303.6
*** TOAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new down.ssb
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- - -~ = WinSEISAB - - - - (Version 5.0.7) 28-~AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

BENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
BNT 2 1 67.2 281.2 0.0 281.2 0.0
2 0.0 0.0 302.1 0.0 302.1
3 67.2 281.2 90.6 281.2 90.6
4 20.2 84.4 3qg.l 84.4 302.1
BNT 3 1 67.2 281.2 O.OVX 281.2 0.0
2 0.0 0.0 302.1 % 0.0 302.1
3 67.2 281.2 90.6 281.2 90.6
4 20.2 84.4 302.1 % 84.4 302.1
\
\
‘ 2(300.1) %K’P
7 (29.0) |
CONTROLS
**%x TL,OAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 new down.ssb



CORRENT  LRFD SPELIFICATION

Seismic Evaluation of 100566 - Bridge 07041 (Mud Slough Ditch)

90' Three Span Continuous Bridge ( 28' - 34' - 28')

No Skew

Composite W-Beam

Trestle Pile Bents

Integral Pile Abutment

Steel Shell Piles

Jointless w/ Elasto Bearings @ Int. Bents.

Exisitng Bridge located at Lat. = 36.0503 Long. =-90.3689

A= 0226 From 1988 USGS Maps (10% in 50 yrs)

Bridge Classification is "Other" ( LRFD 3.10.3)

Zonegeismic = |z« 1 if A<0.09
z<2 if 0.09<A<0.19
z< 3 if 0.19<A<0.29

z < 4 otherwise

return z

S:=12 Soil Profile Type Il (Stiff Clay and Medium Dense Sand)

T == 0.305  From WinSeisab with interior bent piles fixed at estimated fixity and only the piles
providing stiffness at the abutments. This is for mode 1.

Tm := 0.086 With the abutment soil adding stiffness.

T:=0.01,0.02..3 Defining a range of seconds from 0 to 3 seconds.
1.2A-S
Com(T) = C(T) == |c « Cqp(T) if Cyy(T) <2.5-A
"3’ ¢ « 2.5-A otherwise
T

return ¢

The "elastic seismic response coefficient" function is defined above and graphed below for a period
range between 0 and 3 seconds.

I3



()

Csm - Normalized Design Coefficient

0.1
0

T
PERIOD - SECONDS

3.10.7 Response Modification Factors

To be able to use the response modification factors, the transverse reinforcement in regions of
expected plastic hinges must be hooked - with a 135 degree bend plus an extension of the larger
of 6d or 3 inches. (LRFD 5.10.2.2)

The area of longitudinal column steel must be between 0.01 and 0.06 the concrete gross area.
There are many other requirements, see LRFD 5.10.11 for more information.

Concrete filled pipe piles must be anchored to the cap by steel dowels with a minimum steel ratio
of 0.01. The upper end of every pile shall be reinforced and confined as a potential plastic hinge
location. See LRFD 5.13.4.6 for more information.

Rgsub := 5.0  Response modification factor for composite steel piles or multicolumn bents.
Ryabut := 0.8  Response modification factor for superstructure loads to abutment.

All other cases the response modification factor is 1.0.



3.10.7.2 Application

Seismic loads can act in any direction, and the R-factor shall be used for both orthogonal axes of
the substructure.

3.10.8 Combination of Seismic Force Effects
There are only two (2) load cases.

100% of the absolute value of the force in one perpendicular direction, combined with 30% of the
absolute value in the second perpendicular direction.

100% of the absolute value of the force in the second perpendicular direction, combined with 30% of
the absolute value in the first perpendicular direction.

3.10.9.2 Seismic Zone 1

Horizontal design force shall be at least 0.2 times the vertical reaction due to the permanent dead
load and live loads assumed during an earthquake. Unless the bridge is very far off the ground (and
maybe even then) this earthquake requirement will control over wind loads.

For longitudinal forces, each fixed bent gets the total dead load divided equally by the number of
fixed bents.

For transverse forces, each bent gets its own tributary dead load.

This force is used to design the elastomeric bearings with its sole and masonry plates.

No dynamic analysis is required for Seismic Zone 1.

3.10.9.3 Seismic Zone 2

A dynamic analysis is required starting at seismic zone 2. Table 4.7.4.3.1-1 gives the minimum
analysis requirements Except for foundations, the forces found in this dynamic analysis shall be
divided by the R-factor. With foundations, other than pile bents, the dynamic analysis forces are
divided by half the R-factor.

3.10.9.4.1 Seismic Zone 3 and 4

A dynamic analysis, like in seismic zone 2, is required. However, the foundation forces are not
reduced by an R-factor. Therefore damage to the structure should occur in the columns by
inelastic hinging.

By taking into account inelastic hinging, you can reduce the forces in the foundation. Find the
maximum axial and flexural load that the columns/piers can carry, and then reduce the foundation
design to match the column maximum capacity.



Transverse Shear Design kip := 1000Ib

EQ := 141.2kip Max transverse seismic force at Int. Bents from Seisab
(no abutment soil condition)

EQ

= Vy = 176.5kip See above, also from LRFD 3.10.7
Rdabut

Vu:

It is office policy that shear blocks must be used in a Seismic 3 or 4 region. If four shear blocks
are assumed (75" wide bridge), the total required shear capacity can be divided by 4.

Vyi= — Vy = 44.125kip

Four 3'-0 wide by 3'-0" long shear blocks are used, USE SHEAR FRICTION design (LRFD 5.8.4).

Use #4 rebars for the shear blocks, 16 total.

y 3 >
kip 4in 1
fy == 60— Ayf = 16| —
y D vf ( 16) & » * » *
n
.2 - »
pe=1 Ayf = 3.142in
. . a . .
Vni= Ayffyp V,, = 188.496 kip
™ .
But must be less than:
* » . . ™
K
foi= 352 Aey:= (32
in” Plan View
Checkl := 0.2fAcy Checkl = 907.2kip
kip

Check2 := 0.8-—-Agy
in2

Check2 = 1.037 x 10° kip
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SHEAR BLOCK := |s « "PASS" if V; < Checkl < Check2
s « "PASS" if V, < Check2 < Checkl

s « "FAIL" otherwise

return s
5 3 °
. 3"
#4 Ties — 7 5
N : 1.g"
V= 0.85-Vy Vi = 1602211 ;-5 JL
SHEAR BLOCK := |s « "PASS" i Constr. Jt.

s < "FAIL" otherwise

return s

Instead of using 4 shear blocks, 2 shear blocks would be adequate.

Bearing Stress (5.7.5)

The factored bearing stress shall be taken as: Py = 6Py ¢ =07

This bearing check is on the transverse load coming in horizontally to bear on the shear blocks.
The force is transmitted by a concrete longitudinal restrainer at the interior bents which is one (1)
foot wide. The height of the bearing area is calculated as shown.

3 9 9
hb:=(18+2+R————5————5)in "

16 16 _ \I ST
- =L A
hy = 9.063in 291 A s <
g/186" 238" 1-8"

Subtract the chamfered corner of the shear block
from the bearing area.

hy = hp - %in hy =8.313in m:= 1 Modification factor



Aj = hy-12in A1 =99.75 in2 The bearing area of the concrete transverse
restrainer on a shear block.

Pn = 0.85'fc‘A1‘m Pr = ¢'Pn Pr = 207.729 kip

BEARING:= |b « "PASS" if Vy<P;
b « "FAIL" otherwise

return b

Shear Ties for the Shear Block (LRFD 5.8.3.3)

V,
= = Vp = 51.912kip by := 36in — 2-3in dy := 21lin - 2-3in
0.85
Ib
Vo= 2.35000'5. — |'by-dy V¢ = 53.245kip
in2
Vg:i= V- Vg Vs =~-1.333kip

The concrete alone can handle the shear stress, but there will be required minimum reinforcement.
The minimum reinforcement requirement can be waived if:

\
— <0.100ksi
A

V .
2~ 0.04 kip No reinforcement is required at all. | will provide #4 bars at 7.5" spacing
Agy in? as shown previously.
108"
Concrete Diaphragm Design / | {
~ u-bars
' A
There is shear friction between I s . A
the slab and diaphragm | f” q7" P
(LRFD 5.8.4). o — - - SR SSR r P
7 ; /
Try 9 #4 U-Bars at 12" d , ,
4in? 205 205"
n:=9 Aq:= n(g) m:= 1
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.
V= n-Ag-60 ._‘_Zfi.m Vy = 106.029 kip
in

by = 12in dy := 108in Agy = bydy
Checkl = 0.2fAgy Check = 907.2kip
g
Check? := 0.8‘—1-2"-.Acv Check2 = 1.037 x 10° kip

m

VN = |min « Checkl if Checkl < Check2
min < Check2 otherwise

v < Vy if V, <min

v ¢« min if V, > min

return v

CONCDIAy := |v« "PASS" if Viy> Vy

v < "FAIL" otherwise

return v

Longitudinal Steel

Use #6 bars longitudinal, see Job 110390, bridge 06983

Longitudinal Restrainers Design

EQ = 134kip Maximum Longitudinal Force in Seisab at Interior Bents.
beams := 9 There are nine beams that will take longitudinal force.
EQ . . , .
Vu = 18.611kip Each restrainer will carry 18.6 kip.

v Rdabut-beams



Use 1/16" weld: throat := (—%E)-sin(%) throat = 0.213in

Fy:= 58~l(-1—IZ Grade 36 weld
in2
kip
F:= 045-F, F=26.1 = Weld Strength
in

Vu

Required length of weld: L:= L =3.352in
F-throat
Allowable bearing stress on concrete is : foq i= $-0.85-f; foq = 2,033-192
in2
.. Vy .2
minimum concrete area Areapjy = = Areapi, = 8.937in
ca
10" . " A
[ | B 34" x10"x 11 3/
34" T T
e
g" 5625
-4 F——=-9F == 1 - Top of Cap
— K 3M4"x 11 142" x 9"

7 R 11410t x 1

™, N 3"x 3" Clip
0.5"



— B 34" % 10" x 11 344"
P 114" x10"x 1" /

,f o
weld 344
314" clip
— B 3M4"x111/2"%xg"
x g" |
| 1
Abearing = 10in-3.375in + 7in-3in BEARINGAREA := |a < "PASS" if Apearing > Arcamin

a < "FAIL" otherwise

return a

Lweld == 2(9in - -z—in)

LENGTHwWELD = |l < "PASS" if Lyed>L

1 « "FAIL" otherwise

return 1

Lweld =16.5 in

See Job 100381 for determination of plate thicknesses.
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Pile Connection to Cap ( Axial - Check Standard Strap Design )

Maximum Seismic Axial Force _ 26.7kip
from Column at Bent 2 in Seisab: Ut R
dabut

P, = 33.375kip

Max strength of fillet weld = 0.45Fu and Grade 36 Straps, Fu = 58ksi.

F =261 5P
2
mn
Use 1/4" WELD: throat := 1—:l-sin(45) throat = 0.2131in
Use four (4) st Pu
se four (4) straps:  Pyi= — -
4 D
b N 7
L:= e L =1.503in \-».. ,/
F-throat ]
Use a Plate 0.5" x 2.5"
Py kip

Gmax . Gmax = 6.675 _2

~ 0.5in-2.5in

m

y
PLATECHECK = |p < "PASS" if 6max < 36.——‘§
in

p <« "FAIL" otherwise

return p

~ Topofca
g P

T05"% 25" plate

Pile Check

Pile checks, and liquefaction checks for all 4 bents, have already been completed by Kyle. See his
job folder.
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0 Page 1

- - - — WinSEISAB - - - - (Version 5.0.7) 18-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

VIBRATION CHARACTERISTICS

MODE PERIOD CS

1 0.305 0.56
2 0.298 0.56

C:\Users\pjte081\br100566\07041 soildown.ssb



0

- - - - WinSEISAB - - - -

Mud Slough Ditch

(Version 5.0.7)
Imbsen and Associates,

Page

18~AUG

-06

Inc.

UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO DISPLACEMENTS

....LEFT FACE.... ....RGHT FACE.... ...OPNNG/CLSNG...
ITEM LC LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE
ABU 1 1 0.043 0.000 0.043 0.000 0.000 0.000
2 0.000 0.041 0.000 0.041 0.000 0.000
3 0.043 0.012 0.043 0.012 0.000 0.000
4 0.013 0.041 0.013 0.041 0.000 0.000
ABU 4 1 0.043 0.000 0.043 0.000 0.000 0.000
2 0.000 0.041 0.000 0.041 0.000 0.000
3 0.043 0.012 0.043 0.012 0.000 0.000
4 0.013 0.041 0.013 0.041 0.000 0.000
**x* T,OAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

2

C:\Users\pjte081\br100566\07041 soildown.ssb



,ﬂ Page 10

- — — - WinSEISAB - - - - (Version 5.0.7) 18-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

\

"UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
ABU 1 1 20.6 149.2 0.0 149.2 0.0
2 0.0 0.0 142.0 0.0 142.0
3 20.6 149.2 42.6 149.2 42.6
4 6.2 44.8 142.0 44.8 142.0
ABU 4 1 20.6 149.2 0.0 149.2 0.0
2 0.0 0.0 142.0 0.0 142.0
3 20.6 149.2 42.6 149.2 42.6
4 6.2 44.8 142.0 44.8 142.0
T e N
' 2680 kp  (long oc drom. reshraess )
2%4 kip (shear eshaners )
INTEGRAL ABOTMENT - USE BENT FORCES
FOR RESTRAINERS
**% LOAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 soildown.ssb



0 Page 11

- - - — WinSEISAB - - - = (Version 5.0.7) 18-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUT LC KF1F1l KF2F2 KF3F3 KM1M1 KM2M2 KM3M3
1 1 149.2 20.6 0.0 0.0 0.0 1.6
2 0.0 0.0 142.0 18.5 7.7 0.0
3 149.2 20.6 42.6 5.5 2.3 1.6
4 44.8 6.2 142.0 18.5 7.7 0.5
4 1 149.2 20.6 0.0 0.0 0.0 1.6
2 0.0 0.0 142.0 18.5 7.7 0.0
3 149.2 20.6 42.6 5.5 2.3 1.6
4 44.8 6.2 142.0 18.5 7.7 0.5
**% T,OAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 soildown.ssb
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O

Page
- - - - WinSEISAB - - - - (Version 5.0.7) 21-AUG-06
Imbsen and Associates, Inc.
Mud Slough Ditch
UNIFORM LOAD METHOD RESULTS
COLUMN PSEUDO FORCES
. .LNGITUDNL.... ....TRANSVRSE....
CL LOC LC SHEAR MOMENT SHEAR MOMENT AXIAL TORSION
BNT 2
1 BOT 1 14.9 152. 0.0 0. 0.0 0.0
2 0.0 0. 15.2 152. 27.6 0.0
3 14.9 152. 4.6 46. 8.3 0.0
4 4.5 46. 15.2 152. 27.6 0.0
1 TO0P 1 14.9 141. 0.0 0. 0.0 0.0
2 0.0 0. 15.2 148. 27.6 0.0
3 14.9 141. 4.6 44, 8.3 T
4 4.5 43. 15.2 148. 27.6 0.0
2 BOT 1 14.9 152. 0.0 0. 0.4 0.0
2 0.0 0. 15.8 156. 6.0 0.0
3 14.9 152. 4.7 47. 2.2 0.0
4 4.5 46. 15.8 156. 6.1 0.0
2 Top 1 14.9 141. 0.0 0. 0.4 0.0
2 0.0 0. 15.8 155. 6.0 0.0
3 14.9 141. 4.7 47. 2.2 0.0
4 4.5 43, 15.8 155. 6.1 0.0
3 BOT 1 14.9 152. 0.0 0. 0.7 0.0
2 0.0 0. 15.8 157. 2.0 0.0
3 14.9 152. 4.8 47. 1.3 0.0
4 4.5 46. 15.8 157. 2.2 0.0
3 TOP 1 14.9 141. 0.0 0. 0.7 0.0
2 0.0 0. 15.8 155. 2.0 0.0
3 14.9 141. 4.8 47. 1.3 0.0
4 4.5 42, 15.8 155. 2.2 0.0
4 BOT 1 14.9 152. 0.1 1. 5.8 0.0
2 0.0 0. 15.8 156. 0.8 0.0
3 14.9 152. 4.8 48. 6.1 0.0
4 4.5 46. 15.8 157. 2.6 0.0
*** TOAD CASE/COMB DESCRIPTION
Longitudinal
Transverse

1.0*Long + 0.3*Trans
0.3*Long + 1.0*Trans

4
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0 Page 12

- - - - WinSEISAB - - - - (Version 5.0.7) 21-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

BENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
BNT 2 1 31.9 134.0 0.0 134.0 0.0
2 0.0 0.0 141.2 0.0 141.2
3 31.9 134.0 42 .4 134.0 42.4
4 9.6 40.2 141.2 40.2 141.2
BNT 3 1 31.9 134.0 0.0 134.0 0.0
2 0.0 0.0 141.2 0.0 141.2
3 31.9 134.0 42.4 134.0 42.4
4 9.6 40.2 141.2 40.2 141.2
\ SHEAR RESTRAINER DESIGN (oNTROL (9g9 4 "’P>
LNGITUOIVAL RESIRANEE pegien CoNTRAL (24 6 “‘P)
USE THESE FOR(ES DOLBLED
*** T,OAD CASE/COMB . DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 soildown.ssb
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WinSeisab
Seismic Analysis of Bridges
Version 5.0.7 Release 10/2003
Imbsen Software Systems
www. Imbsen.com
Windows (GUI) By: CV-McBridge Software

www.CV-McBridge.com
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* Arkansas State Highway & Transportation Dept. *
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* Jon Lea *
* Clark Verkler *
* James Gates *
* *
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0 Page

- — — - WinSEISAB — = = = (Version 5.0.7) 18-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

VIBRATION CHARACTERISTICS

MODE PERIOD CS

1 0.086 0.5¢6
2 0.226 0.56

1
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0 Page 2

- — - — WinSEISAB = = =- - (Version 5.0.7) 18-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO DISPLACEMENTS

....LEFT FACE.... ....RGHT FACE.... ...OPNNG/CLSNG...
ITEM LC LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE LNGTUDNL TRNSVRSE
ABU 1 1 0.003 0.000 0.003 0.000 0.000 0.000
2 0.000 0.023 0.000 0.023 0.000 0.000
3 0.003 0.007 0.003 0.007 0.000 0.000
4 0.001 0.023 0.001 0.023 0.000 0.000
ABU 4 1 0.003 0.000 0.003 0.000 0.000 0.000
2 0.000 0.023 0.000 0.023 0.000 0.000
3 0.003 0.007 0.003 0.007 0.000 0.000
4 0.001 0.023 0.001 0.023 0.000 0.000
*** TLOAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 soilup.ssb
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O Page 10

- - - - WinSEISAB - - - - -(Version 5.0.7) 18-AUG~06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUTMENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
ABU 1 1 1.6 272.7 0.0 272.7 0.0
2 0.0 0.0 202.4 0.0 202.4
3 1.6 272.7 60.7 <f?7§7?}\“ 60,7  Thesure sive
4 0.5 81.8 202.4 T8I.8 ‘Yigﬁzfz)/ no ghew,
ABU 4 1 1.6 272.7 0.0 272.7 0.0
2 0.0 0.0 202.4 0.0 202.4
3 1.6 272.7 60.7 272.7 60.7
4 0.5 81.8 202.4 81.8 202.4
T \
‘Lt 9 kp { 1'6‘(3. feshers oo hoom mf}msm«,ﬁ.}
: ,: 1616 kfp { shear l“w"m‘m‘§>
[
il
USE BGENT FoR(ES
INTEGRAL ARLVTMENTS
*%* LOAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 soilup.ssb



0 Page 11

-~ = - — WinSEISAB - - - - (Version 5.0.7) 18-AUG-06
. Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

ABUT ILC KF1F1 KF2F2 KF3F3 KM1M1 KM2M2 KM3M3
1 1 272.7 1.6 0.0 0.0 0.0 0.1

2 0.0 0.0 202.4 10.6 13.6 0.0

3 272. 1.6 60.7 3.2 4.1 0.1

4 81.8 0.5 ~ 202.4 10.6 13.6 0.0

e

4 1 272.7 6 0.0 0.0 0.0 0.1

2 0.0 3 0.0 202.4 10.6 13.6 0.0

3 272.7 | 1.6 60.7 3.2 4.1 0.1

4 81.8 i/ 0.5 202.4 10.6 13.6 0.0

L Some ay /p»eaﬁcm, pose.

*** T,0AD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans

C:\Users\pjte081\br100566\07041 soilup.ssb
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- - = - WinSEISAB = - - - (Version 5.0.7) 21-AUG-06
Imbsen and Associates, Inc.

Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

COLUMN PSEUDO FORCES

....LNGITUDNL.... ....TRANSVRSE....
CL LoC LC SHEAR MOMENT SHEAR MOMENT AXIAL TORSION
BNT 2
1 BOT 1 1.2 12. 0.0 0. 0.0 0.0
2 0.1 1. 8.7 87. 15.8 0.0
3 1.2 12. 2.6 26. 4.7 0.0
4 0.4 4. 8.7 87. 15.8 0.0
1 TOop 1 1.2 11. 0.0 0. 0.0 0.0
2 0.1 1. 8.7 85. 15.8 0.
3 1.2 11. 2.6 25. 4.7 .0
4 0.4 4. 8.7 85. 15.8 0.0
2 BOT 1 1.2 12. 0.0 0. 0.0 0.0
2 0.0 0. 9.0 89 3.4 0.0
3 1.2 12. 2.7 27. 1.1 0.0
4 0.4 4. 9.0 89. 3.4 0.0
2 TOpP 1 1.2 11. 0.0 0. 0.0 0.0
2 0.0 0. 9.0 89 3.4 0.0
3 1.2 11. 2.7 27. 1.1 0.0
4 0.4 4, 9.0 89. 3.4 0.0
3 BOT 1 1.2 12. 0.0 0. 0.1 0.0
2 0.0 0. 9.1 90 1.2 0.0
3 1.2 12. 2.7 27. 0.4 0.0
4 0.4 4. 9.1 90. 1.2 0.0
3 TOP 1 1.2 11. 0.0 0. 0.1 0.0
2 0.0 0. 9.1 89. 1.2 0.0
3 1.2 11. 2.7 27. 0.4 0.0
4 0.4 4. 9.1 89. 1.2 0.0
4 BOT 1 1.2 12. 0.0 0. 0.5 0.0
2 0.0 0. 9.0 89. 0.5 0.0
3 1.2 12. 2.7 27. 0.6 0.0
4 0.4 4. 9.1 89. 0.6 0.0
*** T,0OAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans
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Mud Slough Ditch

UNIFORM LOAD METHOD RESULTS

BENT PSEUDO FORCES

W/R TO BRIDGE C.L. W/R TO ITEM C.L.
ITEM LC VERT SHEAR LONGITUDNL TRANSVERSE NORMAL PARALLEL
BNT 2 1 2.5 10.5 0.0 10.5 0.0
2 0.0 0.0 80.8 0.0 80.8
3 2.5 10.5 24.2 10.5 24.2
4 0.7 3.1 80.8, 3.1 80.8
BNT 3 1 2.5 10.5 0.0\ 10.5 0.0
2 0.0 0.0 80.8 } 0.0 80.8
3 2.5 10.5 24.2 \ 10.5 24.2
4 0.7 3.1 80.8 3.1 80.8
\\gugkﬁ RESIRANER  DESIGN  ConNTROL
LONGTUDINAL ~ RESTRAINER DESIGN CONTROL,
USE THESE FoRCES
FOR RESTRAINERS
*** T,OAD CASE/COMB DESCRIPTION
1 Longitudinal
2 Transverse
3 1.0*Long + 0.3*Trans
4 0.3*Long + 1.0*Trans
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Liguefaction of Soils at Big Slough Ditch under current Provisions

The water level shown on the boring log sheet is at a depth of 27.8'. Another boring log in the area,
when the surface elevation is matched up, has water at a depth of 26.7'. Since there is a slight
change of soil strength at 25', | will add the water table in at 25'.

According to FHWA October 1996 book, "Seismic Design of Bridges - Design Example No. 3" p.
A7, the max depth below ground surface for which liquefaction can occur is 50'. From FHWA

SA-97-076 Chapter 8 pg 111, if N>30, liquefaction will not occur. But for this bridge, all the layers
will be checked.

A= 0.225 Acceleration at ground surface (in seismic zone 3)
M := 6.75 EarthQuake Magnitude from 1975 AASHTO Interim Specifications Bridges p. 12

The M=6 maximum acceleration is 0.22, so A=0.225 puts us into M=6.5.
The chart for correcting N values has 6 and 6.75. Use 6.75.

Layer1 (0'to 4.5")

Moist, Medium Dense, Gray Sand and Gravel

Ib
Nj:=10 y1:= 110-— ¢ =30
ft3
Ib
c1:=v1456 ©01=495—
ftz

Above water table. Therefore not in danger of liquefaction.

Layer 2 (4.5'to 15.5')

Moist, Medium Stiff to Stiff, Gray and Brown Clay with Sand Seams

1b
Np:=9 vy = 120-—
ft3

Ib
Go=yy-11ft ©9=132x 103—-—~
ﬂz

Above water table. Therefore not in danger of liquefaction.



Layer 3 (15.5'to 25')

Wet, Medium Dense, Gray Sand

Ib
N3 := 16 v3:= 116 —
ﬁ3
Ib
o3 = y3:9.5t 03 =1.102x 103—
ft2

Above water table as reported in soil borings. The water level is conservatively raised up 2.8
feet for this analysis, but it is possible that seasonal variations would vary the water level
more than this. However, assume this layer is not in danger of liquefaction.

Layer 4 (25'to 35') - Beginning of Water Table

Wet, Medium Dense, Gray Sand

b
Ng:= 18 Y4 := 60— t:= 10ft
3
ft
1b
G4:= Y4t 04 =600— z = 30ft
2
ft
G4 3
Gp=061+02+03+— Go=3217x 10" —
2 2
ft
rim 1 - 20152 rq = 0.863
3.281ft
1b
Tav = 0.65-A-0p1g Tay = 405958 —
2
ft
. ) Tav .
Stress Ratio: ratiog = — ratiog-= 0.126
Co

thickness of layer

depth to middle of layer

overburden weight above
middle of layer



Liquefaction Strength

oo = 1609222
&2
find Cn.
Corrected Blowcount: Nyc:= Cp'Ng

Use this number on Figure 8 (Seismic Design
of Highway Bridge Foundations, vol 2, p. 31) to

Cp:= 0.79

Nye = 14.22

Use the corrected blowcount to find the resisting stress ratio on Figure 7 (Seismic Design
of Highway Bridge Foundations, vol 2, p. 29).

ratiop = —— ratiog = 0:175
oy '
ratiop

FS4:= — FS4 =1.387
ratiog

SAFE := |s« "YES" if FS;> 1

s « "NO" otherwise

return s

Layer 5 (35'to 55°)

Wet, Medium Dense, Gray Sand

Resisting Stress

Factor of Safety

N := 27 ys = 67£ t:= 20ft thickness of layer
ft3
31b .
o5:= Y5t o5=134x%x 10" — z = 45ft depth to middle of layer
&2
o5 31b .
Goi=01+0y+03+04+— 0o=4.187x 10" — overburden weight above
2 &2 middle of layer
0.015z
rgi=1- rq = 0.794
d 3281t d
b
Tay = 0.65-A-c41g Tay = 486.37—
2
ft
. . Tav
Stress Ratio: ratiog = — ratiog = 0:116
GO |
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Liquefaction Strength

ton

o =2.094— Use this number on Figure 8 (Seismic Design _
of Highway Bridge Foundations, vol 2, p. 31) to Cp:= 0.68
find Cn.

Corrected Blowcount: Ns¢:= Cy-Ns Nsc = 18.36

Use the corrected blowcount to find the resisting stress ratio on Figure 7 (Seismic Design
of Highway Bridge Foundations, vol 2, p. 29).

ratioy = = ratiop := 0.22 Resisting Stress
Oy
ratioy

FSs:= FSs = 1.894 Factor of Safety
ratiog

SAFE := |s < "YES" if FS4>1

s <~ "NO" otherwise

return s

Layer6 (55'to 90')

Wet, Dense, Gray Sand

Ng = 44 Y6 = 741—b t:= 35ft thickness of layer
ft3
31b .
og:= Y6t 66=259x% 10" — z:= 7251t depth to middle of layer
&2

06 3 1b
Go=6]1+062+03+04+065+— Go=6.152x 10" — overburden

2 e weight above

middle of layer
.01
ryie 1 - 20152 rq = 0.669
3.281ft

Uj



Ib

Tav = 0.65-A-cy1g Tay = 601.511 —
2
ft

.. ) Tav , , ,

Stress Ratio: ratiog = — ratiog = 0.098
So
Liquefaction Strength

Go= 3.076?2 Use this number on Figure 8 (Seismic Design _

&2 of Highway Bridge Foundations, vol 2, p. 31) to Cpi=0.53

find Cn.

Corrected Blowcount: Ngc == CpNg Nec = 23.32

Use the corrected blowcount to find the resisting stress ratio on Figure 7 (Seismic Design
of Highway Bridge Foundations, vol 2, p. 29).

ratioy = —— ratiop := 0.28 Resisting Stress
Oy
ratioy

FSg:= — FSg = 2.864 Factor of Safety
ratiog

SAFE := |s « "YES" if FS4>1

s < "NO" otherwise

return s

Layer 7 (90'to 101.5')

Moist, Medium Stiff, Gray Clay with Organic Matter

Ny:=6 ¥7 = 58—lll t:= 11.5ft thickness of layer
ft3
1b .
c7:= y7-11.5t c7= 667——2 z:= 95.75ft  depth to middle of layer
ft
7 31 overburden
Gyi=0]+03+03+04+05+06+— Go=778x 10" — weight above
2 &2 middle of layer

146



0.015z

rq:=1- rq = 0.562
d 3.281ft d
b
Tav = 0.65'A-60'I'd Tav = 639.786 i
2
f
. . Tav . )
Stress Ratio: ratiog = — ratiog =0.082
Oo
Liquefaction Strength
o= 3,39393 Use this number on Figure 8 (Seismic Design C. = 0.45
2 of Highway Bridge Foundations, vol 2, p. 31) to o=
ft .
find Cn.
Corrected Blowcount: Nyg:= Cy'N7 + 7.5 N7 =10.2

Use the corrected blowcount to find the resisting stress ratio on Figure 7 (Seismic Design
of Highway Bridge Foundations, vol 2, p. 29).

ratiop = = ratiop:= 0122 Resisting Stress
Ov
ratioy

FS7:= FS7=1.484 Factor of Safety
ratiog

SAFE := |s « "YES" if FS4>1

s < "NO" otherwise

return s

None of the soil layers beneath this bridge will liquify under an extreme earthquake. Soil foundation
is good.
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