AASHTO T-3 TRIAL DESIGN BRIDGE DESCRIPTION

State: Missouri

Trial Design Designation: MO-2

Bridge Name: Missouri Bridge

Superstructure Type: Prestressed precast concrete “I” girder

Span Length(s): Three spans @ 59.2ft.-60.0ft.-59.2ft.

Substructure Type: Three 3.0ft dia. reinforced concrete columns per bent

Foundation: Cast-in-place concrete pile with 14in. dia. steel casing

Abutments: Integral diaphragm wall supported on 14in. dia. CIP pile

Seismic Design Category (SDC): “D”

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

Design Spectral Acceleration at 1-second Period (Sp1): 0.86g

Additional Description (Optional): Trial design has been completed and submitted
and is currently being reviwed.
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Br. No. Examplel (Missouri) SP page no. |

Purpose:

9/7/2006

Review “Recommended LRFD Guidelines for the Seismic design of highway
bridges”. For review considered P/S I Girder (60’-60’-60’) span bridge with zero
degree skew. Roadway width is 38’-10”; Int. bents with 3 columns on foundation
(CIP) & Abutment bents are Integral. This bridge was designed as per AASHTO
(10% probability of exceedance in 50 years, Approximately 500 years return period).

Assumptions/comments:

1.

2.

Bridge location: 36 deg Lat. & -89.817 deg Long.
Seismic category: SDC “D”.

Use web site: http://earthquake.usgs.gov/research/hazmaps (2002 USGS data
updated 2003) & generate acceleration values for 5% PE in 50 years at 1.0 Hz

(1.0 sec, S1) & 5.0 Hz (0.2 sec, Ss) using Latitude & Longitude values. (See
sheet no. 14 for Response Spectrum curve).

Revised (reduced acceleration) values for 1000 years period (Maps & Data)
were available in June 2006. (See sheet no. 12A for Response Spectrum
curve).

Since seismic analysis was finished with higher acceleration values (2002
USGS data), seismic analysis is not revised for reduced acceleration values
(June 2006 USGS data & maps).

Response spectrum created considering earthquake ground motions for the 5%
probability of exceedance in 50 years (Approximately 1000 years return
period) using 2002 USGS data.

As per LRFD guideline section 8.4.4, expected concrete compressive strength
f’ce shall be the greater of 1.3*f’c or 5000 psi. But in the XTRACT program
used smaller of 1.3*f’c or 5000 psi to achieve failing material from steel to
concrete.

Assumed all seismic loads will be resisted by Int. bents only (without any
contribution from Abutment/End bents).

Int. bents are checked only for Trans. Direction force using XTRACT
program & CAPP program (Pushover analysis).

Assumed pinned at bottom end of column & fixed at top end of column.

Liquefaction is not considered.

T:\br-proj\patels\LRFD Guide 2005 seis Ex1\seismicO6ex1.doc
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Prestressed Concrete I-Girders — Section 3.55

3.3 Beam Type 3

Page: 3.3-1

Detalls

Section Properties and Straond Arrangement (Continuous Spans)
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RD%QS gAngR?NSC 2 Spa. @ 3" 2 Spa. @ 3"
b= 17.08 IN. GIRDER 3A GIRDER 3B
®- 61841 IN. (11 STRANDS) (12 STRANDS)
' GIRDER SEQ. ND. 3n | 38
Initial Prestress kips| 341 372
| Stze of Strands in.| % 3
No. of Strands (All Straight) 11 12
Bottom of Girder to Center
of Gravity éf Strands _inches 9.82 | 9.67
NOTE: Investigate the possibility of using all straight

strands when strength check of a hold-down device
exceeds al lowable.

All strond arrangements shown on this page have

straight strands only.

Strand aorrangements other than those shown may be
investigated by the designer.

New: Jan. 2005
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BR.NO. Examplei C/no) sP 09/07/06 SH. 7
DESIGN FILE: EQINPUT1
i 2 --?E!SMIC DESIGN
) Acceleration coefficient=A =
Performance category = |
soil type = 2
slab thickness = . inch Girder infomation :
Span no. element
span length = top flg
Roadway width = web
Assume Haunch = bot fig
Fc' of sfab
Fc' of Grd = ; no of girder
Grd Ytop = nch
Grd Ht. = i¢ ):inch Grdarea = 381.90 in"2 2.65 Fir2
Grd Ybot = 17.08 Inch lzgrd = 61.84 i 0.0030 Ft\d
Ratio of F¢'= 1.12
Slab Area = 27.51 0.20

y for haunch 0.78
CG.= 0.35 ft from top of slab Haunch
ly@cg.= 3456.77 y@cg= 002
Z@cg.= 1.15 Z@cg=  0.00
yforgrd= 2.68 Area = 0.16
MOMENT OF INERTIA OF SUPERSTRUCTURE
: ly(TRANSF) 1z 1z(TRANSFO)
NO. AREA Z AREA*“Z IND.INT.ly' A'dZ2 TOTALINT. Y AREA*Y IND.INT., A*dY2 TOTALINT.
FT2 FT FT3 FT4 FT4 FT4 FT FT3 FT4 FT4 FT4
SLAB 27.51 0.00 0.00  3456.77 0.00  3456.77 0.35 9.74 1.1501 15.49 16.64
GD1 265  -17.67 -46.85% F5000%  827.74 82775 2.68 711 0.0030 6.59 6.59
GD2 2,65 -8.83 -23.43 0.001 206.94 206.94 2,68 7.1 0.0030 6.59 6.59
.~ @GD3 2.65 0.00 0.00 0.001 0.00 0.00 2.68 7.1 0.0030 6.59 6.59
D4 2.65 8.83 23.43 0.001 206.94 206.94 2.68 7.11 0.0030 6.59 6.59
~~GD5 2.65 17.67 46.85 0.001 827.74 827.75 2.68 7.1 0.0030 6.59 6.59
GD6
GD7
GD8
GD9
GD10
HAUNCH1 0.16 -17.67 -2.79 0.02 49.31 49.32 0.78 0.12 0.0003 0.02 0.02
HAUNCH2 0.16 -8.83 -1.40 0.02 12.33 12.34 0.78 012 0.00 0.02 0.02
HAUNCH3 0.16 0.00 0.00 0.02 0.00 0.02 0.78 012  0.00 0.02 0.02
HAUNCH4 0.16 8.83 1.40 0.02 12.33 12.34 0.78 0.12  0.00 0.02 0.02
HAUNCHS 0.16 17.67 2.79 0.02 49.31 49.32 0.78 012 0.00 0.02 0.02
HAUNCH6
HAUNCH7
HAUNCH8
HAUNCH9
HAUNCH10
TOTAL= 41.56 FT2 0.00 5649.49 FT4 4591 FT3 49.69
ZB= 0.00 FT FROM CENT OF STRUCTURE Yb= 1.10 FT FROM TOP OF SLAB
122 = lyy= 5649.49 FT4 133 =lzz= 49.69 FT4
Torsional moment of inertia, Ix =111 :
roadway 38.83
slab thick 0.71
haunch 0.15
111 slab = 4.55 Total Area = 41,56 FT2
111= 6.78 FT4
111 Grd = 2.23 122 = 5649.49 FT4
133= 4969 FT4
111 Haunch 0.01
Total 111 =1 xx= 6.78

4.8025
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Br. no.

Superstruct Dead load

Fws

Slab thick
Roadway
No.of girder
Girder area
Girder spac
Grd depth

Grd bf bottom
Edge from Grd
Barrier curb arca
No. of curb

Int. bent no.
No. of columa
Int. diaph

Brg ht. assumed
Grd embed

Diap length
Diap width

Lt span
Rt span
Avg span
col size
col length
col wt.

Beam width
Beam Depth
Beam length

Beam wt

Int. diaph wt
Beam wt. + Int. diaph wt =

Super struct DL
Total DL @ bent = Super struct DL + Int diaph wt=

DL per column w/e substruct

DL per column with snbstruct

Example 1 (/10)
3500 psf
850 inch
1883 f
5.00
265
8.83
325 f
17.00  inch
600 inch
2.28
2
2 3
3 3
100 1.00
825 825
3725 3725
250 250
5021 60.00
6000  59.21
5060  59.61
3 3
2650  26.50
2810 2810
350 350
325 325
3825 3825
6526 6526
4378 $I8
109 109
48626  486.27
53004  530.05
177 177
b7 Y

inch

=2

PR3P

kips/col

R
g

kips
kips
kips
kips

kips

07/11/06 g

SP Crack properties1
Recommended LRFD Guidelines NCHRP 20-7(193)
Fws 136 kf
Slab 413 kit
Girders 199 Kkt
Curbs 0.68 kit
Supaerstrt DL= W = 8.16 k/ft
Check column requirement
SnC D
Art. 8.7.1 Min Lateral strength
Bent no. 2 3
Col size = 3 3 ft
Col Rebarsize = #8 #8
No. of bar = 13 13
ColbarAs= 1021 1021 in"2
Article 8.8.2 Min %steelreq'd=  1.00 1.00
% steel provided = 1.00 1.00 <=4%
Article 8.8.1 Max4%steelallow= 0K 0K
0.1PDL= 17.67 17.67  kips
Dist from C.G. of superstr to top of footing =  32.84 3284
Moment= 580 580 k-ft
Axial force= 177 177 kips
Mom capacity from BM LRFD 3.71 2.5-2= 650 650 k-ft
0K 0.K.
Art.8.7.2 Max Axial Load
Ag= 107 7.07 A2
Fee= 3.90 390  ksi
0.2Fce*Ag 794 794 kips
w/o substructure Axial Load= 400 400 kips
0K 0K
w/o Footing
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Br.no:”  Example 1 [ My ) SP Crack properties] e
Use Cracked Mom Inertia in SEISAB run
Int. Bent No. 2 3
cover for Hoop = 1.5 1.5 in
Column Dia. = 3 3 ft.
Assume Hoop bar size = 5 5
Bar diam., db = 0.625 0.625 in
Hoop bar area, As = 0.31 0.31 sq. in
Hoop Spacing, S = 3 3 in
Hoop diam., Dc = 33 33 in
Fc= 3.00 3.00 ksi
Col. Long, Reinf. Ast = 10.21 10.21 5q. in
Column Gross Area, Ag = 1018 1018 sq. in
DL max per column from superstruct|  177.00 177.00 |k
Assumed EQ load 0.00 0.00 k
Eq. 8.7 factor 13 Fee= 1.3*F¢' 3.90 3.90 ksi
P/F'ce*Ag)| 004 0.04
Ratio Ast/Ag = 1.00 1.00 %
254.469 From chart le/Ig Ratio 0.40 0.40 NCHRP 20-7 page 5-18
1g = Pi*R74/4 3.98 3.98 Gorss Mom Int. (Ft*4)
122 =Ratio*lg = 1.59 1.59 Crack Mom Int. (Ft*4) b
133 = Ratio*]g = 1.59 1.59 Crack Mom Int. (Ft*4) 32979.18 (Y
Torsional Mom intertia, Jg = pi*R"4/2 7.95 7.95 Gorss Torsional Mom Int. (Ft*4)
Eq. 5.6 factor 0.2  Jeff=111=Factor*]g 1.59 1.59 Effective Torsional Mom int.
Column Gross Area, Ag = 7.07 7.07 Sq. Ft
Mod Elastic, E =} 545187.1664| 545187.1664|KSF
Rebar properties
W, pef F'c, ksi E, ksf E, ksi Ksi Ksf
150 3.0 478161 3321 Esteel 29000 4176000
150 4.0 552133 3834 g
F'ce, ksi Emod, ksf | Emod, ksi US £ 3 "9 lce, VST oAD OF Yield strength, Fy= 60  ksi
" 37 150 39 545187 3786 < « prpetSE
150 5.0 617303 4287 G0 i Expected Yield strength, Fye =1.1* Fy = 66  ksi

s1eet A

Lightwt [ 140 [ 3.0

| 431151 | 2994

BEAM Properties
width, b Ht.
Beam Size 3.5 3.25 Ft
Bar area, As = 9 in"2
n=Es/Ec: 7.66
r=As/bd  0.005871
n*r= 0.044969

k= (nr"242nr)M/2-nr  0.25828092
J=1Kk/3= 0913906
Special Icrac= bdA3%(1/2k*2%)) =

Use Fee=
Ec=
d=

3.00
62256

No of bar

3.90
3786
36.5

ftr4
inA4

J [/x/ XTMT /5’“;%5

Expected Tensile strength, Fue = 1.4* Fye= 924  ksi

Assume bar size #
9

ksi

ksi

inch

Beam area = 11.38 ftr2
1638 in"2

07/11/06 C[

Eq. 8.1

Eq.8.2
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No Title %

a USGS

Examete | (Mo)
oA

science for a changing world

Interactive Deaggregations, 2002

On this page you may select a return time, SA frequency, specify a latitude and longitude and request seismograms. Links to the
following information will be returned:

« A plot of deaggregated distance, magnitude and ground-motion uncertainty for the specified parameters (gif, pdf, ps).

An ascii text file of the hazard matrices, containing, but not limited to, the frequency selected.

A geographic deaggregation plot may also be specified (for designated frequencies only - see below). This is in addition to the
plot mentioned above.

« An ascii text file and graph of the seismograms for the modal or mean event (if requested).

README is a page containing information on how the deaggregation is done and about the input parameters to the program. It

will increase your likelihood of success with this site if you read it first. Stochastic Seismograms and What is Epsilon? are

articles which discuss the theory behind the seismograms.

On some browsers you have to click on a pre-selected item in a list to deselect it. If you select an item without doing this you
will have two items on the list selected and you will get a broken icon instead of a plot!

— Site name: — Select location of interest in latitude/longitude:

5% PE in 50 years 73

Used for plot labeling purposes only
underscore (_), comma (,) and alphanumeric
characters only,

no blanks (they will be replaced with an
underscore),

name length <= 16 characters.
Name;(Enté? site name |

\ |

~ Return time:

PE = probability of exceedance
Select one!

1% PE in 50 years &
2% PE in 50 years {5

10% PEin 50 yrs

Specify in decimal degrees, use "-" to specify western longitudes.
Conterminous US: latitude 25 to 49 degrees, longitude -125 to -65
degrees, only.

Alaska: refer to 1996 Interactive Deaggregations page.

Hawaii: refer to 1996 Interactive Deaggregations page.
Puerto Rico: latitude 17 to 19 degrees, longitude -64 to -68 degrees,

only. -
Latitude: [Enter 1at] Longitude: Enter jon |
P o SE=a= g

—tve valul_

—SA frequency:

SA = Spectral Acceleration;
PGA = peak ground acceleration.

Puerto Rico: only 0.5 hz, 1.0 hz, 5.0 hz and PGA are available

1o Hg R | SEC
Fralig & osee

3.33 hz ¥l

~ Geographic Deaggregation:

@ None
O Coarse angle, coarse distance
C Fine angle, coarse distance

O Coarse angle, fine distance

C Fine angle, fine distance

Make a map with hazard bars at source locations.

— Seismograms:

Do you want seismograms for the Modal or Mean event?
@ None

C Modal, one-corner source

C Mean, one-corner source

It may take several minutes to generate the plot(s) and do file conversions

http://eqint.cr.usgs.gov/eq-men/html/deaggint2002-06.html

9/6/2006



Prob. Seismic Hazard Deaggregation

ex] 89.817°W, 36.000 N.
—>» SA period 1.00 sec. Accgl.>=0.5724 g
Mean Return Time of GM 975 yrs
Mean (R,M,g,) 11.7 km,7.65, -0.44
Modal (R,M,g,) = 4.1 km, 7.70,-1.09 (from peak R,M bin)

30

PEE |

25

N

Binning: DeltaR=10. km, deltaM=0.2, Deltag=1.0

20

el g o oo

g 4

| Hz (0 SECD

70

Lon o e g

% Contribution to Hazard
15

5

R AR

L
(i

Prob. SA, PGA &
(=)

<median | R,M  >mediait S0

o e
.eo<-2 L 0<g<05 T <,
.-2<£0<-1 .0.5<eo<l
.-l<eo<-0.5 l1<gy<15 .2<eo<3 icd
.-O.5<ao<0 . 1.5 <g;<2 2003 update USGS PSHA

—

(&1l Sep 607:42 | Distance (R), magnitude (M), epsllon (EO,E) deaggregation for a site on ROCK avg V=760 m/s lop 30 m USGS CGHT PSHA2002v3 UPDATE Bins with It 0.05% contrib. omitted

Modal (R,M,e*) = 4.0 km, 7.70, 0 to 1 sigma (from peak R,M,€ bin)

&y pE 1 S0 ¥ (75 ¥4 % oo yis RETuRn PERIO) )

25 (owt) 197dwor3



Prob. Seismic Hazard Deaggregation

Pemiscot_county 89.817° W, 36.000 N.
—> SA period 0.20 sec. Acggl.>=1.8852 g
Mean Return Time of GM 975 _yrs
Mean (R,M,g,) 12.9 km,7.59, -0.23
Modal (R,M,g,) = 5.7 km, 7.70,-0.64 (from peak R,M bin)
Modal (R,M,e*) = 5.7 km, 7.70, 0 to 1 sigma (from peak R,M,€ bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltag=1.0

5 o PE 17 So yR$ (75 ¥R X Jovo YA ReryRn PEAD)

30

(W)(;naww:?

25

2l oo

20

5 Hg (02 SéC)

el o

70

y

% Contribution to Hazard
15

o ]

g n
< X
o’

2
Prob. SA, PGA &
o~ <2
<median | R,M >medlaﬁ$:zz>\ %
S S A=
. e < <
€5 <-2 0 0<gy<0.5 %»% R
—7 -
.-2<e0<-1 = 05<g,<1 ”’o% o
<
.-1<eo<-0.5 = 1<g<18 . 2<eg<3 = = o o
(<>
.-0.5<eo<0 . 1.5 <g,<2 2003 update USGS PSHA
=3 A
—
N

(€]l Sep 607:48 | Distance (R), magnitude (M), epsllon (EO,E) deaggregation for a site on ROCK avg Vs=760 m/s top 30 m USGS CGHT PSHA2002v3 UPDATE Bins with It 0.05% contrib. omilted
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Uniform Hazard Spectrum for 5% PE in 50 years

Latitude = 36.0000 deg Longitude = -89.8170 deg

B/C Boundary Site Condition
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input Req'd CREET File: Response_Spectrum 15
Recommended LRFD Guidelines NCHRP 20-7(193)

Site Classification
Siteclass=""" D = Based on site con%tio'n c 4
T iR A ¢ PAT
Bridge location PE AS P R 2602 us
Latitude =" = deg. ;
Longitude =

7 deg. (use -ive value
deg. (us )

As per bridge location & USGS map
Ss =885 0.2-second period spectral acceleration CSHT: N0+ 12)
2 1-second period spectral acceleration  ( SHT, w2« |1 )

Fa= 1.00  Read from Table 3.4.2.3-1 based on site class & Ss value
Fv= 1.50 Read from Table 3.4.2.3-1 based on site class & S, value

SDC = D Based on LRFD Table 3.5-1

BESPONSE SPECTRUM DEVELOPMENT
If T <=To Sa = 0.6(Sps/To)*T + 0.4*Sps

fTo<=T<=Ts Sa = Spg

fT>Ts Sa=S8p/T
T Sa
0 075 |=0.4Spg

To=02'Ts=| 0.09 1.8852 |=Sps
Ts=Sp/Sos=| 0.46 1.8852 |=Sps

0.66 1.30
0.86 0.99
1.07 0.80
1.27 0.67
1.48 0.58
1.68 0.51
1.89 0.46
2.09 0.41
2.30 0.37

2.50 0.34
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XTRACT Section Report

Section Name: Sectionl Mcenter column

ExamPLle] (Mo)

=

MODOT L5
MoDOT
2/3/2006
Pemiscot County
Trial 1x

Page __of __

Section Details:

X Centroid: .1593E-14 in
Y Centroid: -.1457E-16 in
Section Area: 1015 in"2

I gross about X: 82.90E+3 in"4
I gross about Y: 82.90E+3 in™4
Reinforcing Bar Area: 10.21 in"2
Percent Longitudinal Steel:  1.006 %
Overall Width: 3593 in
Overall Height: 36.00 in
Number of Fibers: 454

Number of Bars: 13

Number of Materials: 3

Material Types and Names:
Unconfined Concrete: B Unconfinedl
Confined Concrete: @ Confinedl
Strain Hardening Steel: M Steell
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Exporptel (M0) =4

g mMopor )4
XTRACT Analysis Report MeDOT
; ; 2/3/2006
Section Name:  Sectionl )
Pemiscot County
Loading Name:  Mcentercol Trial 1x
Analysis Type:  Moment Curvature Page __of __

Section Details:

X Centroid: .1328E-15 ft

Y Centroid: -.1214E-17 ft

Section Area: 7.050 ftr2

Loading Details:

Constant Load - P: 177.0 kips <— -

Incrementing Loads: Mxx Only

Number of Points: 30

Analysis Strategy: Displacement Control

Analysis Results:

Failing Material: Confined|

Failure Strain: 15.00E-3 Compression

Curvature at Initial Load: -4368E-21 I/ft

Curvature at First Yield: 1.266E-3 1/ft

Ultimate Curvature: by 25.86E-3 1/ft

Moment at First Yield: 706.3 kip-ft

Ultimate Moment: 1014 kip-ft

Centroid Strain at Yield: .6987E-3 Ten

Centroid Strain at Ultimate:  18.13E-3 Ten WanaE stout e Recstn- e

N.A. at First Yield: 5521 ft lZ(IJ“

N.A. at Ultimate: 7012 fi 10001

Energy per Length: 24.04 kips 800

Effective Yield Curvature: ~ 1.629E-3 1/ft dﬁy I

Effective Yield Moment: 909.3 kiEft a— mP -

Over Strength Factor: 1.116 4001

Plastic Rotation Capacity: ~ 74.50E-3 rad 200

EI Effective: 558.1E+43 kip-ft’2

S8R Sective: Yade kp 2 o0 o omo | om oo

Bilinear Harding Slope: 7783 % Curvatures about the X-Axis - 1/ft

Curvature Ductility: 15.87

V= ’i’_t___/_h’f- - 3(973) ) __qs,zlﬁ : l\hgomomCmvatute Relation
(o) Col- sk 2 * 1433 oment Curvature Bilinearization

M7+ 952=272.2K
177 - 952 = §1.2K

PC RT Cot:
Lt ca

A}




Exprpte ! (70)

. MO DOT J 7
XTRACT Analysis Report e
Section Name:  Section] 2/9,2_006

Pemiscot County

Loading Name:  MLeft column Trial 1x
Analysis Type: Moment Curvature Page __of __
Section Details:
X Centroid: 1.646E-6 ft
Y Centroid: -.5828E-16 ft
Section Area: 7.050 ftA2
Loading Details:
Constant Load - P: 81.00 kips “
Incrementing Loads: Mxx Only
Number of Points: 30
Analysis Strategy: Displacement Control
Analysis Results:
Failing Material: Confined1
Failure Strain: 15.00E-3 Compression

Curvature at Initial Load:
Curvature at First Yield:
Ultimate Curvature:
Moment at First Yield:
Ultimate Moment:
Centroid Strain at Yield:
Centroid Strain at Ultimate:
N.A. at First Yield:

N.A. at Ultimate:

Energy per Length:
Effective Yield Curvature:

Effective Yield Moment:
Over Strength Factor:
Plastic Rotation Capacity:
EI Effective:

Yield EI Effective:
Bilinear Harding Slope:
Curvature Ductility:

.8713E-16 1/ft
1.213E-3 1/ft
31.06E-3 Ut 7))
623.5 kip-ft
968.5 kip-ft
7650E-3 Ten
24.77E-3 Ten
6308 ft

7974 ft

27.12 kips
1.611E-3 1/ft Qy

828.1 kip-ft v/
——

1.170
86.73E-3 rad
514.1E+3 kip-ftr2 =~
4768 kip-ft\2

9275 %

19.28

Moments about the X-Axis - kip-ft

1000
80071
600"

400

(1F .
0.00

0.01

" 2 " " '

0.02 0.03

Curvatures about the X-Axis - 1/ft

== Moment Curvature Relation
=+ Moment Curvature Bilinearization

0.04




EXMPLE | (10) SP oo 1€
XTRACT Analysis Report VDO
Section Name:  Sectionl 2/9/%006
Pemiscot County
Loading Name: MRt column Trial 1x
Analysis Type: ~ Moment Curvature Page __of __
Section Details:
X Centroid: 1.646E-6 ft
Y Centroid: -.5828E-16 ft
Section Area: 7.050 ftr2
Loading Details:
Constant Load - P: 272.0 kips s
Incrementing Loads: Mxx Only
Number of Points: 30
Analysis Strategy: Displacement Control
Analysis Results:
Failing Material: Confinedl
Failure Strain: 15.00E-3 Compression
Curvature at Initial Load: A393E-14 1/ft
Curvature at First Yield: 1.318E-3 I/ft
Ultimate Curvature: 24.18E-3 1/ft  —
Moment at First Yield: 783.8 kip-ft
Ultimate Moment: 1070 kip-ft
Centroid Strain at Yield: .6332E-3 Ten
Centroid Strain at Ultimate:  15.96E-3 Ten Mox:ems Moy LAt
N.A. at First Yield: 4803 ft 1200‘.
N.A. at Ultimate: 6600 ft 10097,
Energy per Length: 23.91 kips 800::
Effective Yield Curvature: 1.652E-3 1/ft - i
Effective Yield Moment:  982.0 kip-ft Vv’ i )
Over Strength Factor: IY)E; 4001,
Plastic Rotation Capacity: ~ 66.33E-3 rad 200
EI Effective: 594.5E+3 kip-ft’2 -
Yieht ELERective: 586 bt 3.000 0.(;05 : o.t;m 0.815 o.tizo 0.1;25
Bilinear Harding Slope: 6536 % Curvatures about the X-Axis - 1/ft
Curvature Ductility: 14.63
—4— Moment Curvature Relation
—=— Moment Curvature Bilinearization
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ErpmptEL (170) S 9

. MO DOT
XTRACT Analysis Report MeDOT
{/- ) Section Name: Section| 2/3/2.006
Pemiscot County
Loading Name:  Mcenter column Trial 1x
Analysis Type: ~ PM Interaction Page __of __
Section Details:
X Centroid: J1328E-15 ft
Y Centroid: -1214E-17 ft
Section Area: 7.050 ftr2
Loading Details:
Angle of Loading: 0 deg
Number of Points: 40
Min. Unconfined1 Strain: 3.000E-3 Comp
Max. Unconfined] Strain: 1.0000 Ten
Min. Confined] Strain: 5.000E-3 Comp
Max. Confined1 Strain: 1.0000 Ten
Min. Steell Strain: 8.000E-3 Comp
Max. Steell Strain: 8.000E-3 Ten
Analysis Results:
Max. Compression Load: 4264 kips
Max. Tension Load: -673.9 kips
Maximum Moment: 1402 kip-ft
P at Max. Moment: 1429 kips
Minimum Moment: -1402 kip-ft AxiaiForcs - ps
P at Min. Moment: 1429 kips
Moment (Mxx) at P=0: 739.7 kip-ft
Max. Code Comp. Load: 2132 kips
Max. Code Ten. Load: -606.5 Kips
Maximum Code Moment: 768.5 kip-ft
P at Max. Code Moment: 293.2 kips
Minimum Code Moment: -768.5 kip-ft
P at Min. Code Moment: 293.2 kips .
PM Interaction Equation: Units in kip-ft -1500  -1000 |
Moments alj oo the X-Axis - kip-fi
CoHE repverior A% pes
- "Fcr I gMdea{tadu d PM Data -
1ep Pty @ 012 A ™| ——  EquationFitto PM Date
<Fc, —0:§

&b=0'2




Expmpt&l (Mo) S

; MopoT ¢
XTRACT Analysis Report e
{ \} Section Name: Sectionl 2/3/2006
{ Pemiscot County
Loading Name:  Mcenter column Trial 1x
Analysis Type: ~ PM Interaction Page __of __
Code Code
P M

(kips)  (kip-ft)
2132 3996843 0 [T /0

2069 29.59
1859 171.6
1434 4755
1012 655.1
714.5 701.1
5133 682.9
4124 695.1
355.8 751.9
2932 768.5
220.5 767.2
{ } 1012 7255
i, T
2314 4337
4780 147.6
568.1 4543
6065 2195842~ 0 E-/O

fi] 2195E-12
2D 2195E-12
2195E-12
2195E-12
2195E-12
2195E-12
R195E-12




Exponpt€) (MO)
CAPP Project Report

™\ Loading Name: Combol

{
\ Report Type: Undeformed Shape - Units: ft

Comments: LRFD Guide 2005 Seismic Examplel

SPatel 21
H Model.cap
2/16/2006

Page of

Lol il
-19.13, 28. 3&14.33 28.13)

z ﬂms, 26.5)
T (1433, 2509

13
5!({‘14.33 1.47)

-14.33, 0)

‘0, 28.13)

x
9,26.5)
¥

(0, 25.03)

2@, L47)
X
)

T,

E‘14.33 28.13X19.13,

'mn , 26.5)
(14.33, 25.03)

12
*ﬂms, 147)

14.33, 0)

8.13)




Expmple| (Mo)

S

File: T:\br-proj\patels\LRFD Guide 2005 seis Ex1\3colbtexplH.cap 2/16/2006, 9:55:42AM

22

# CAPP Generated Input file
# Created = 2/16/2006

UNITS
FORCE=Kips
LENGTH=Feet

JOINT
NUM=1 X=0 Y=1.47
NUM=2 X=0 Y=0
NUM=3 X=0 Y=25.03
NUM=4 X=0 Y=26.5
NUM=5 ¥=0 Y=28.13
NUM=6 X=-19.13 Y=28.13
NUM=7 X=14.33 Y=28.13
NUM=8 X=19.13 Y=28.13
NUM=9 X=14.33 Y=26.5
NUM=10 X=14.33 Y¥=25.03
NUM=11 ¥X=14.33 Y=0
NUM=12 X=14,33 Y=1.47

NUM=13 X=-14.33 Y=1.47
NUM=14 X=-14.33 Y=0
NUM=15 X=-14.33 ¥=25.03
NUM=16 X=-14.33 Y=26.5
NUM=17 =-14.33 Y=28.13

RESTRAINT
NUM=2 DOF=U1,U2
NUM=11 DOF=U1,U2
NUM=14 DOF=U1,U2

MATERIAL
NAME=Matl TYPE=Concrete E=545.2E+3 W=0.15
SECTION
NAME=Sectionl TYPE=User Defined MAT=Matl 1=0.94 A=7.07
NAME=Section2 TYPE=User Defined MAT=Matl 1I=1.02 A=7.07
NAME=Section3 TYPE=User Defined MAT=Matl 1I=1.09 A=7.07
NAME=Section4 TYPE=User Defined MAT=Matl 1I=5.01 A=11.38
ELEMENT
NAME=Elementl TYPE=Elastic_Beam Column SEC=Sectionl
NAME=Element2 TYPE=Elastic_Beam Column SEC=Section2
NAME=Element5 TYPE=Rigid_Link
NAME=Element3 TYPE=Elastic_Beam Column SEC=Section3
NAME=Element4 TYPE=Elastic_Beam Column SEC=Section4
HINGE
NAME=Hingel TYPE=Interaction Hinge
HINGE MODE=2
DATA P=-606.5 M=1.E-9
DATA P=-568.1 M=45.43
DATA P=-478 M=147.6
DATA P=-231.4 M=433.7
DATA P=101.2 M=725.5
DATA P=220.5 M=767.2
DATA P=293.2 M=768.5
DATA P=355.8 M=751.9
DATA P=412.4 M=695.1
DATA P=513.3 M=682.9
DATA P=714.5 M=701.1
DATA P=1012 M=655.1
DATA P=1434 M=475.5
DATA P=1859 M=171.6
DATA P=2069 M=29.59
DATA P=2132 M=1.E-9
NAME=Hinge2 TYPE=Interaction_Hinge ROTCAP=74.5E-3 CLIMIT=2132
HINGE_MODE=2
DATA P=-606.5 M=1.E-9
DATA P=-568.1 M=45.43
DATA P=-478 M=147.6
DATA P=-231.4 M=433.7
DATA P=101.2 M=725.5
DATA P=220.5 M=767.2
DATA P=293.2 M=768.5

ROTCAP=86.73E-3 CLIMIT=2132 TLIMIT=-606.5 PU=2132

TLIMIT=-606.5 PU=2132

Page: 1
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ExgmPlEl (%)

File: T:\br-proj\patels\LRFD Guide 2005 seis Ex1\3colbtexplH.cap

s

2/16/2006, 9:55:42AM

5

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

MEMBER
NUM=1
NUM=2
NUM=3
NUM=4
NUM=5
NUM=6
NUM=7
NUM=8
NUM=9
NUM=10
NUM=11
NUM=12
NUM=15
NUM=17
NUM=18
NUM=19

LOAD

NAME=Loadl

P=355.8
P=412.4
P=513.3
P=714.5
P=1012
P=1434
P=1859
P=2069
P=2132

P=101.2
P=220.5
P=293.2
P=355.8
P=412.4
P=513.3
P=714.5
P=1012
P=1434
P=1859
P=2069
P=2132

ELEM=Elementl
ELEM=Elementl
ELEM=Element1l
ELEM=Element5
ELEM=Element5
ELEM=Element3
ELEM=Element3
ELEM=Element3
ELEM=Element2
ELEM=Element2
ELEM=Element4
ELEM=Element2
ELEM=Element5
ELEM=Elenent4
ELEM=Element4
ELEM=Element4

MEMDATA NUM=11
MEMDATA NUM=17
MEMDATA NUM=18
MEMDATA NUM=19
NAME=Load2 TYPE=Push_Load
NODEDATA NUM=6 X=10

COMBO

NAME=Combol

LOAD=Loadl
LOAD=Load2

GRIDLINES

SF=1
SF=1

PROJECT_PROPERTIES
DESCRIPTION=LRFDseismic Examplel

END

M=751.9
M=695.1
M=682.9
M=701.1
M=655.1
M=475.5
M=171.6
M=29.59
M=1.E-9
NAME=Hinge3 TYPE=Interaction Hinge
HINGE MODE=2
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

P=-606.5 M=1.E-9
P=-568.1 M=45.43
=-478 M=147.6
pP=-231.4 M=433.7
M=725.5
M=767.2
M=768.5
M=751.9
M=695.1
M=682.9
M=701.1
M=655.1
M=475.5
M=171.6
M=29.59
M=1.E-9

INODE=14
INODE=13
INODE=15
INODE=16
INODE=9
INODE=11
INODE=12
INODE=10
INODE=2
INODE=1
INODE=7
INODE=3
INODE=4
INODE=5
INODE=17
INODE=6

TYPE=Dead_Load
IY=-13.86

IY=-13.86
IY=-13.86

IY=-13.86

JNODE=13
JNODE=15
JNODE=16
JNODE=17
JNODE=7

JNODE=12
JNODE=10
* JNODE=9

ROTCAP=66.33E-3 CLIMIT=2132

JHINGE=Hingel

IHINGE=Hingel

JHINGE=Hinge3

IHINGE=Hinge3

JNODE=1 JHINGE=Hinge2

JNODE=3
JNODE=8
JNODE=4
JNODE=%
JNODE=7
JNODE=5
JNODE=17

IHINGE=Hinge2

JY=-13.86 KF(
JY=-13.86
JY=-13.86
JY=-13.86

TLIMIT=-606.5

PU=2132

Page: 2
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CAPP Analysis Report

Loading Name: Combol

Report Type: Push Over Analysis Summary
Comments: LRFD Guide 2005 Seismic Examlpel

2t

SPatel
H Model.cap
2/16/2006

Page __of

Model Details:
Nmber of Members/Nodes:

Overall Width:
Overall Height:

Loading Details:
Non-Push Load Combo:
Push Load Case:

Num. Loads in Push Case:
P-Delta Effects Included:

16 Members, 17 Nodes
38.26 ft
28.13 ft

1(Loadl)

Load2

1 in X Dir., 0 in Y Dir.
Yes

Termination Details:

Analysis Termination:
Member Element Type:
Termination Cause:
Hinge3 :

Last Hinge Moment:

Mem. Drift at Termination:

Analysis Results:
Critical Node (Node Shown):
Number of Events:

First X Yield Push Load:
Max X Push Load:

Last X Push Load:

X First Yield Displacement:
X Ultimate Displacement:
Area Under Push-Disp Curve:
Effective Yield Disp:
Effective Yield Push Load:
Eff System Ductility:

Eff Elastic Stiffness:

Eff Plastic Stiffness:

Bilinear Harding Slope:

Over Strength Factor:

Cap. Reached in Mem. 8
Element3 - Beam Column
Interact. Hinge - Hinge3
66.33E-3 rad

767.6 kips-ft

0.1911%

6

7

79.03 kips
81.37 kips
46.87 kips
0.3421 ft
2007 f <
120.8 kips-ft
0.3539 ft
81.75 kips
5.67

230.9 kips/ft
21.1 kips/ft
-9.141 %

0.5734

Total X Push Load - kips
90
80
70
60
50
40
30
20
10

02 00 02 04 06 038 10 12 14 16 18 20 22
Node 6 X Displacement - f

—i#— PushLoad vs. Node 6
=—#— Push Over Bilinearization
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CAPP Analysis Report e

Pinmodel.cap
Loading Name: Combol 2/16/2006
Report Type: Push Over Analysis Summary
Comments: LRFD Guide 2005 Seismic Examplel (w/o Hinge @ bottom) Pags of
Model Details:
Nmber of Members/Nodes: 16 Members, 17 Nodes
Overall Width: 38.26 ft
Overall Height: 28.13 ft
Loading Details:
Non-Push Load Combo: 1(Loadl)
Push Load Case: Load2

Num. Loads in Push Case:
P-Delta Effects Included:

1 in X Dir., 0 in Y Dir.
Yes

Termination Details:

Analysis Termination:
Member Element Type:
Termination Cause:
Hinge3 :

Last Hinge Moment:

Mem. Drift at Termination:

Analysis Results:

Cap. Reached in Mem. 8
Element3 - Beam Column

Interact. Hinge - Hinge3

66.33E-3 rad

767.6 kips-ft

0.1911% NoT
=

Critical Node (Node Shown): 6

Number of Events:

First X Yield Push Load: 79 03 @

Max X Push Load:
Last X Push Load:

81.37 kips
46.87 kips

X First Yield Displacement:

X Ultimate Displacement:

2007 ft 44—

Area Under Push-Disp Curve:120.8 kips-ft

Effective Yield Disp:
Effective Yield Push Load:
Eff System Ductility:

Eff Elastic Stiffness:

Eff Plastic Stiffness:
Bilinear Harding Slope:
Over Strength Factor:

0.3539 ft
81.75 kips <—
5.67

230.9 kips/ft
21.1 kips/ft
-9.141 %
0.5734

g1 REBULTS  ARE SAME A5 pReviovS SHEET

Total X Push Load - kips
90
80
70
60
50
40
30
20
10

02 00 02 04 06 08 10 12 14 16 18 20 22
Node 6 X Displacement - ft

=% PushLoad vs.Node#é
== Push Over Bilinearization
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Br. No. Example1 ((T0) Co. Pemiscot SP 7/12/2006 1
T:\br-proj\patels\LRFD Guide 2005
seis ex1\

X-TRALT )PVt & SHEMR DEmAND To cAprUTY RATI O

Total superstruct Dead Load

Column Information

column dia. 1)

Ag = 1018 sq. in
No. of column ! : _
Total Column DL WeDL := Nc-L-L---ﬁg- WcDL = 84  Kips
1000 144
Beam Length : fit

eam information assumed
BMy = By By = | BMyea = 114 | 1t

Beam DL  BMp, := BM,,.,-By -—— .
. area "L 1000 BMpp =65 kips

DL

DL percolumn P := %"-’- P =177 | Kips /column
[
. . DLsuper
Uniform DL @ beam without BM DL W= w=13.86 | k/ft
cor’ 8*%)
( 1.5 )
Ecbeam := ~2 -33-y/ Fcbeam-1000/-144
N 1000 [Ecbeam = 545187 | ksf

19 ksi for column

B8 7
( 33+/F 1.1000)-
Eccol := -2 = 144 Eccol = 545187 | ksf

1000
Run Xtract to find effective yield Moment (plastic moment), Mp of the bent using DL per column

Calculate Elastic Stiffness Center column
Effective Yield Mom, M, Mp= 9093 Kk — ft

Effective Yield Curvature, ¢,

M,
B2~ ﬂﬂ 5 Lf' ; - A
¢y Center col El g = 558195 k /A2
B 3-Elyr
) 3 K=90 kit
L

3colbtExp1H.mcd
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Br. No. Example1 (/"w) Co. Pemiscot SP 7/12/2006 2
T:\br-proj\patels\LRFD Guide 2005 -
seis ex1\

Calculate axial force due to overturning

Ne-M,
N= ,
(Ne ~ 1)Columngpgcing N=95 kips
Left column Pleft:= -N + P Rtcolumn Prt:= N+P

Rerun Xtract with new axial loads to find column Icrack & Hinge properties

Left column (Pleft = 81 kips Centercol [P=177 | kips Rtcolumn |Prt=272 | kips

 fro LeftEl g :
Leftlcoleaic =~ ——— [Leftcol ey, =094 | it
Elg = 558195  k/ft'2 Elgr 4
Centlcol = — Centlcol =1.02 | ft
crack Eccol r crack —l
e N RtEL,
RIELy = 594500 Kk /fth2 ReTcolpqqy = ——— [Ricolrp = 109 | £t
Ry T R Eccol
Calculate Plastic Hinge Length or use Xtract program option to compute Hinge length
0 ksi column long. bar diam. dy:= 1.0  inch
o Sl Lossifall
f,
ye dp
0.08-L-12 + 6-~—-dy, = 0.3f— .
i _ 40 Tpmin = 0.3-fye 12 ART. [f‘ I+ 6
L= 12 =29 ft lymin = 1.7 ft
Plastic Hinge Length, 1, Ip:= max(1y1, lymin) p=295 | ft T
Calculation of Ductility Capacity 5 147 | &
Calculate plastic shear Vp, Yield Deflections and Stiffness for each column.
Left column Center Column Right Column
 LeftEley K= K Ryim G
= S 3
L3 L
K =83 kit Kc=90 kit Kgr=96 kit
Mypen:= 8281 k- ft M, =993 k- ft Mypigne'= 982 k—ft
M, = oft: 1.2
pL = MpLen Myc = My-12 My = Mygighe-1.2
My M,c My
VoLest'= —— Vv = —— VoRight i= ——
pLeft L pCenter L pRight L
VoLest = 37.5 VpCenter =412 V,Right = 44.5
A . VPLC“' 12 A vpCenter' 12 A vaight' 12
Left == — Center = — . ———
y KL yCenter Kc yRight KR

3colbtExp1H.mcd

27
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Br. No. Example1 (Mmo ) Co. Pemiscot SP 7/12/2006 3
T:\br-proj\patels\LRFD Guide 2005
seis ex1\

Aybeﬂ =54 inch AyCenter =55 inch Aymgm =56 inch
Calculate Plastic Displacement for Each Column Seet ol
Ultimate Curvature, ¢, Effective Yield Curvature, ¢,

Left Column Center Column

Quoi= 002586 1/t

VL= 0001611 1/f byCi= 0.001629 1 /ft .

Op:= (dur - L)1, Opc:= (b0}l g (- oyR),
0 p1, = 0.0867 Bpc =0.0714 Opc=00003
Ip Ip lp

ApL = 129pL-- L- ; Apc = IZBPC L- ; ApR = lZGPR- L- ;

Ap =26 in Apc=214 in A =199 in

Displacement capacity, A
AgL= ApL + AyLest Ayc = Apc + Aycenter A = Apr + AyRight
AIIL =315 in AuC =269 in AuR =255 i
Ay = min(Ayr, Ayr, Auc)
Displacement Capacity Ay=2549 in
Period of the Bent in Transverse Direction:
Use Substruct DL multiplier =1 Feato
Total Column DL WceDL =84  Kkips Beam DL BMyp;, = 65.3 kips
Dead load = DL superstruct + substrDL substrDL := (WeDL + BMpy )-Featorpy,
Bent Dead Load WDL := DLg,ger + substrDL WDL =680  kips
Total Stiffness:  Ky:= Ky + Kg + K¢ Kp=260 kIt
0.5
KT T
o= |322- - o =3.6 Tl:=2.— TI =18 sec
WDL

3colbtExp1H.med
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Br. No. Example1 CW}

Co. Pemiscot SP
T:\br-proj\patels\LRFD Guide 2005
seis ex1\

9/6/2006

Use value for Sa @ T period

from Response spectra development

Displacement Demand - Capacity Ratio

S
Ry 12WDL-(-“—] Ag= 1457
Ky

Establish Demand to Capacity Ratio, R = Ademand / Acapacity

inch

Bl = A R1 =06

Rratiol := I"o.K. " if R1<1

"N.G." otherwise

Displacement ductility demand for each column, ,:10= Ademand / Ay
Left column

Center column Right column
Ag Ag

Bc=
AyLett '

Ay
= HR=
AyCenter
KL= 2.7

AyRight
Bc= 2.7 HR= 2.6

Max py= max(pl, Ko, pR) Max p9= 2.7

Target Displacement Ductility Demand, p
New Design ART #9
Single Column Bent <=6

Retrofit
Single Column Bent Eg=6
Multi Column Bent %«a Multi Column Bent <=8
Use maximum E!l’!
pRatio:= | "OK." if py < Hatlowed A KR < Kgilowed A K < Hallowed
"N.G." otherwise

Shear Demand to capacity ratio

#et 84
1

calculate pf,
Spiral bar information

Try #4 @ 3" instead of #5 @ 3" pitch

, inch conc. cover

3colbtExp1H.mcd
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Br. No. Example1 (/7)) Co. Pemiscot SP

7/12/2006 5
T:\br-proj\patels\LRFD Guide 2005
seis ex1\
{ . 04 ForSDC D or C 0.4%
8 = 4 Ay —————— " ForSDCB0.2% as per 8.6.6
Py = A (D-12 - 2-¢)'s
ps = 0.0079
psii= |"OK." if Pymin <Py
"N.G." otherwise
Shearreinf p; ="0K."
el ¥ -
2. Calculate Ve (Inside the plastic Hinge zone) ART &« € 2 ' /( 7
Ae:=08-Ag Ae=814 sqin 'SDCi=4 ForSDC =D use 4
SDC=Cuse3
al = |0.010p,fy, if SDC=3
fy"looo &
0.03-py- otherwise 0.015p5-f,, if SDC=2 ForSDC =B use 2
Hp
al =5.313
fy-1000
a2 = 003:pe——— 3 5313 .
ke ' Pleft=81.5 kips Ag=1018 sqin
2 1000
vey, := min| 3.5~/ Fecol -1000,| al+| 1 + Pleft-————— ||/ Fecol - 1000
1] 2000-Ag vey, =219 psi
; 1000 _
VCCent := Min|3.5+/Fecol-1000,| al-| 1 + P-———— |[{+/Feccol-1000| vecene =219  psi
2000-Ag
_ 1000 .
veg := min| 3.5/ Fecol -1000,| ol -+ 1 + Prt-——— -\/ Fccol-1000 veg = 219 psi
2000-Ag
If net axial load is less <0 then Vc =0
Vear:= [0 if Pleft <0 Verr =178 kips
vey . otherwise
1000
Vecent:= |0 if P<0 Vecen = 178 kips
ve ae otherwise
CCent 1000
{ |
-

3colbtExp1H.mcd
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T:\br-proj\patels\LRFD Guide 2005
seis ex1\

Co. Pemiscot

VCRT = |0 if Prt<0

VCR* otherwise

1000

SP 7/12/2006 6 = /

Vegr =178 kips

[Note : Conserv. use Inside plastic Hinge zone Vc capacity for Outside plastic hinge zone | AT 862

/reE 8-jo

Us€ #4 @ 3" soral

e

3. Calculate V, for the transverse reinforcement

Viiinak i 84S )Z Feeol-1000

1000

[%]-Am-fyh-(D-lz ~2+¢)

V, := min| Vsmax,
s

'ny‘h = 60 ksi for spiral

Vsmax = 407 Kkips

Vs =203 kips

| Conserv. assumed concrete shear strength = 0]

Varr = ¢(Verr @1 + V)
Vacent = ¢ '(VcCent'd’l * vs)
Var = ¢+(Vegp- @1 + V)

anT = 173

Varr = 173

Check D/C ratio=Vp/Vn

V,
LTRatio := —22n
VLt
V
CentRatio := —Deuter
anent
VpRight
RTRatio := ———
VnRT

Vncent = 173 Kkips

use multiplier, <b

kips VpLent =37  kips
Vngnter =41 kips
kips VpRright = 44 Kips
LTRatio = 0.22

CentRatio = 0.24

RTRatio = 0.3

3colbtExp1H.mcd



Br. No. Example1 (/7% Co. Pemiscot SP 7/12/2006 7
T:\br-proj\patels\LRFD Guide 2005
seis ex1\

R Shear Demand to Capacity Ratio
If shear D/C ratio < 1 then the frame displacement capacity is governed by flexural
deformation.

if shear D/C ratio > 1 then the frame displacement capacity should be revised to reflect the
fact that shear is governing. Displacement Capacity shall be revised.

Shear D/C Ratio:= |"OXK." if LTRatio <1 A RTRatio <1 A CentRatio < 1

"N.G." otherwise

ShearD/C Raig =

[ If Shear D / C Ratio <1 then O.K. otherwise Displacement Capacity shall be revised. |

Check Displacement Ductility Demand pRatio

=27 %allowed =8
If pRatio <= ‘;L“"“’“’ then O.K.| otherwise N.G.

Displacement Demand - Capacity Ratio
Establish Demand to- Capacity Ratio, R = Ademand / Acapacity
=y Ag

A,

Rratio2 := |"OK." if R2<1
"N.G." otherwise

Y i
-

if R2< 1 then O.K. otherwise Displacement Capacity shall be revised.

CAPP Program
Consider Column Hinged (Pinned) at bottom

The pinned condition assumption is based on the belief that in the event of a maximum
credible earthquake, the column-footing connection would quickly degenerate (degrade) and
behave like a pinned condition.

= ’ 3colbtExp1H.med

s



W
/

Y e

Br. No. Example1 (/7)) Co.Pemiscot  SP 7/12/2006 8
T:\br-proj\patels\LRFD Guide 2005
seis ex1\

Run CAPP program for P-Delta effect case. Open project manager, click on (+) Load
Cases, click on (+) Combo1, click on analysis report & read node no.XX from (Horiz axis
title) displacement curve then close analysis report. Click on node no.XX. Once Node
information window open up then click on red color symbol (bottom right corner of window)
to view plot on screen. From this plot read values for red color & green color points.
Perform same procedure for without P-Delta effect case. Plot total X Push load vs. X
Displacement for P-Delta and without P-Delta case on the same plot. Read Push load vs.
X displacement value for a point where two curve intersect OR read values for First Yield

push load & First Yield displacement.

From plot X Push load = xxxx kips & X Displacement = xxxx ft at 1st Yield displ & Push load

xpushload

Initial effect. stiffness.  Keff := Keff = 19 P8

Xpisp*12 in
Calculate an approximate Fundamental Period, Tf

: WDL
TE=002: Keff Tf=19 sec

Determine the Damped Elastic Acceleration Response Spectrum (ARS) at
. the site in g's.

By using the given site spectrum and above calculated period, the corresponding
ARS for 5% damping.

ARS ,.—.045 Read from Acceleration Response Spectrum curve

Calculate the Displacement Demand Dd

Dd = ARS-WDL Dd=15.9 in
Keff
Displacement Capacity A= 241 in from CAPP output "X Ultimate Displ."
b Cule TR s
ARatio:=""" ARatio =07
o Ratio3:= |"O.K." if ARatio<1
Ault .
otherwise
Dd
Ault
D ; . . . .
if 24 Ratio3 <1 then O.K. otherwise Displacement Capacity shall be revised.
Ault

3colbtExp1H.mcd

23



Jrmm

ExroplE) (mo)

CAPP Project Report

2%

Loading Name: Combol 3/15/2006
Report Type: Moment Diagram - Units: kips-ft
Comments:
Page of
-1
M= ~963 K

-42.02
2729E-10

18594

-

4

5

13
¥2.02

-46.61 6.6
-2542E-10

-47.01

12

#r1.01
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Br. No. Example1 ( mo) Co. Pemiscot SP 8/31/2006
T:\br-proj\patels\LRFD Guide 2005 Beamlongreinf.xmcd

Beam cap Design'

ksi
Moment from CAPP ouput k-fi
= 037 EO.S f.=0.641 ksi
k= 03742 £ k - LRFD 5426
H
lgi= —.B-H Ig=387072 in' Vioe =
12 2
Sci= L2 S.=16128 in3
t
f, .
Mcr - SC : -i—z- Mcr - 861 . k = ﬂ LRFD 5.7.3..3.2
1.2Mcr = 1034 k- ft
Long dir bar
1.33 - My = 1281 k- fi
Use Mygesign= min(1.2Mer, 1.33My) Mygesign= 1034 k—ft Rebar Cover |
SHffiips, Side cover
Long bar # Long bar dia Db, := % AS| par := it— . DbL2 AS] par = 0.785 in2
Db
¢:=09 dei=H-C- -;;S'i'- ~ TL dop = 4538 in LRFD 5.54.2
12
Ruy = Mydesign' 2 Ruy =0.159
d) -B. dCL

1_‘35'”



Br. No. Example1 (7/40) ~ Co. Pemiscot SP  8/31/2006
T:\br-proj\patels\LRFD Guide 2005 Beamlongreinf.xmcd
£ 0.5 '
) 0.85 - Fc Ruy
Rwy = f1-f1-2
Fy 0.85Fc Rwy = 0.0027
2

Asreqdperft=  As:= Rwy-B-dc As =5231 in

No. of long bar req'd, Nb; :=

Barspacing, So= 5 1
sedN bL et

§$=539 in

2 36
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T:\br-proj\patels\LRFD Guide 2005 Beamlongreinf.xmcd

Shrinkage and temperature reinf. LRFD 5.10.8.2

Ag:=H-B

A
0.11- F_ = 3.696 0.0015 - Ag = 3.024
y :

it
Asgyi= mi.{(%),o.oms : Ag]
y

Asgy = 3.024

Required As for shrinkage @ top & bottom in either dir Asip = 1.512 inz

ShrinkageReinf := |"O.K." if Asgp < As
"N.G." otherwise

[ShrinkageReinf =" O.K." |

3 57
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T:\br-proj\patels\LRFD Guide 2005 Beamlongreinf.xmcd

Crack Control :

Lbar
Star 8
ditm G ==+ 4 w2625
dc
N S -
Ps 0.7-(H-d,)
Es
n:= round(aj n=9 B, = 1.083
As
R B- dCL
) 0.5
k==|:(p--n) +(2-p-n)] -p-n i85
TR )
=373 700 k-ft  For service limit case
frs Mu- 12
" As;-j-deg f,=3822 ksi
Ye

Spax := 700 - - fs-z-dc

Smax = 11.67 in Rebar spacing used, S =539

BarSpaceygq:= |"O.K." if S <Spax

"N.G." otherwise

BarSpace g ="0.K. "

LRFD 5.7.3.4

38
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Br. No. Example1 C Mo )

Co. Pemiscot SP

T:\br-proj\patels\LRFD Guide 2005 seis BeamColumnjoint.xmcd
Ex1\

Beam Joint Design sDCCorD Article 8.13.2

Col Diam. : , in

Beam depth 36 in fee := min(1.1-fc, 5000)

Beam cap width, ‘Bf 2 4zin fee=33%10° psi

Ajh = (Dc + Ds)-Bf Ajv = L,'Bf

Left Column Center Column

Pcol = Column axial force including the effects of overturning

Right Column

7/12/2006

o

Vij =376 pSl

Vij =412 pSI
i PCOIL ﬁf’/ g ‘f‘f’ PCOIC
- o=
Ajh Ajh
fVL =27 psi fvc =59 psi

VivR = 445 psi
Pcol
R
fr=—
Ajh
fVR =90 pSi




Br. No. Example1 (ﬂu))
T:\br-proj\patels\LRFD Guide 2005 seis

Co. Pemiscot
BeamColumnjoint.xmcd

7/12/2006

40

SP

Ex\
r
* Principal Tension gy B 'te
£ B  [Phe~Er) | 3 '
U il T PR iR+ R [ iR~ ER 2
2 2 J PR = = + ViR
‘ 2 2 J
Py, =354 psi
Pip =394 psi
f, f 2
b het fe (e —fc 2
tC = > 2 VivC
Pc=375  psi
Principal Compression G 4
f f 2
S P’ VO . P’ 2 2
= ok - + ¥, R+ AR (R - fR 2
cR= > 2 *+ VivR
{' ’ | P.p, =397 psi '
. P.pr =500 psi
2
_fethe  (Ae-be) 2
=T 5 7 2 YWC =450 psi
Py = 0-25-fce Ppax = 825 Eqn 8.38

PrincipalCompression :=

"N.G."

Principal Tension :=

"N.G." otherwise

PrincipalCompression =" O.K. "

"OK." if Py SPopay

otherwise

<P

A PR < Pemay

A Poc < Poay

"OK." if Py SPyay APyc SPinax A PR < Pimax

PrincipalTension = " O.K. "



Br. No. Example1 (/7220 ' Co. Pemiscot SP v 7/12/2006
T:\br-proj\patels\LRFD Guide 2005 seis BeamColumnjoint.xmcd
Ex1\ ‘ﬂ

{ )

Note :

If Principal Compression OR Principal Tension is Not "O.K." then Beam
properties (thickness or/and width) or/and Column Diameter shall be increased.

[Provid

inch conc. cover for long steel

1

= 4A
ps bt (Dc - 2'C)‘S pS = 0.0081
Ps1= |"OK" if pgpin <Py
o "N.G." otherwise Hoop Bar Reinf Ps1 =" 0K
{
[Check Hoop bar or Add'l steel req't for SDC D |
Py =354 psi P-=375 psi Pr =39 psi
Pvalue = 3.5~\j fee Pivalue =201  psi
PrincipalTension := | "O.K. so provide min Hoop bar from above " if Py <Py ajue A Pic < Pryalue A PR < Prvalue

"N.G." otherwise

PrincipalTension =" N.G. "

Note
[If Principal Tension is N.G. then provide add'l reinf. in the beam cap for SDC D ONLY]  article 8.13.4.3

Column long steel, A= 1021 in2

‘.
e

p

\
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Br. No. Example1 (/ILO) Co. Pemiscot SP 8/4/2006

T:\br-proj\patels\LRFD Guide 2005 seis BeamColumnjoint.xmcd 2
Ex1\ A;.
A ) Vertical Stirrups:
Asjv = 0.2:Ay A sjv= 2.042 in2 Each side of column within a column diameter distance from

center of column  (1/2 column diameter from face of column)
Check near center column

Vertical stirrups for other load cases provided in this area

Dc 1

Agprovided = 2 2 st

212 inch
ASprovi ded = 0915 | for other load

Additional Steel required,  Asjv:= Asjv i Asprovi deid
5 02 1 :
Asjv=1.127 in in ;Dc =18 inch

Additional No. of bar in 1/2 D¢ Np space single stirrups between other vertical stirrups

Nbas = Nbsingle'As'2 Nbas =0.61
Vertstirrupswithsingle := ["O.K." if Asjv<Nb,¢
"N.G." otherwise [Vertstirrupswithsingle = "N. G. " |

[Note: Try Double stirrup only if "single stirrups" combination Vertstirrupswithsingle ="N.G." |

Additional No. of bar in 1/2 Dc NbDouble"'l space Double stirrups between other vertical stirrups

Nbpjs = Nbpoupje As 4 Nbpy, = 1.22

VertstirrupswithDouble := |"O.K." if Asjv<Nbp,¢ Asjv = 1.127

"N.G." otherwise
VertstirrupswithDouble = "O. K. "

Check near exterior column

Vertical stirrups for other load cases provided in this area ‘A #5@6" (DBL)
Dc 1 St
AsprovidedEx = 2'As] 2 su AsprovidedEx = 3-6
Additional Steel required, AsjVey = Asjv = Asprovi dedEx
1 iv=1.
Asivgy = ~1.55¢in" in ~De=18 =12y
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Br. No. Example1 (W) Co. Pemiscot  SP 8/4/2006
T:\br-proj\patels\LRFD Guide 2005 seis BeamColumnjoint.xmcd

Ex1\ | 4,3

Additional No. of bar in 1/2 Dc

AddVertstirrups,, := |"Add'l steel notreq'd " if Asjv < ASprovidedEx

"Add'l steel req'd" otherwise

Near exterior column AddVertstirrups ., = "Add'l steel not req'd "

Note :
B ) Horiz stirrups:
Assumed Horiz stirrups Not req'd for this type of bridge

- C ) Horiz Side Reinf:
2 52
Atop]ong = 6.28 in Abotlong =628 in
o ) 2 : /{/, 050
ASeachface = 0-1'max(Atop;g, Abotyo,,) ASeachface = 0-628 £S5 g

Side reinf provided 4-#6 @ each face

Sidereinf := |"O.K." if AseachfaceSAsside Sidereinf = "0. K. "

"N.G." otherwise

D )J - Dowels: If skew > 20 deg then provide add'l reinf as per eqn: 862 %5 (
skew=0 No J - Dowel Req'd

E ) Transverse Reinforcement:

Anchorage length of column stee |, _

A
= st v $52
gy 1= 04— (51 o = 0.0035

.

34 inch

pg=0.0081 [ForHoop bar from calc above |

Hoopbar := |"O.K." if pg < pg
"N.G." otherwise Hoopbar = "0.K." for Transverse Reinf. req't

Note :
If Hoop bar is "N. G." then hoop bar size or/and spacing shall be revised in the above calc.
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T:\br-proj\patels\LRFD Guide 2005 seis FootingColumnjoint.xmcd

. Ex1\ _ 4%

Footing Joint Shear SDCCandD Article 6.4.5

00 psi

in

Footing depth D
Befr = D'\ﬁ

fce := min(1.1-fc,5000)
3 0
fce=33x 10° psi
Ay = £)>
jh = (D + Df)

Left Column Center Column Right Column
Pcol = Column axial force including the effects of overturning

_ s Peoly = 272000 lbs
Tjv = net tensile force @ Footing or Pile cap  |Tjv =0, If No uplift or uplift force < Friction capacity |

vioy =0
JvL Viee =0
JVC Vij =0
Pcol
L

va st AJ _ PCOlC PCOIR

h : A] g ool

h R AJ
h

=it f,o=25  psi fr=39  psi

Principal Tension
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Br. No. Example1 (mo 7 Co. Pemiscot SP
T:\br-proj\patels\LRFD Guide 2005 seis FootingColumnjoint.xmcd
Ex1\

Py =11 psi ;
cL P P.c=25 psi
Pomax = 0:25-fce Poynay =825 Eqn 6.10
Pinay = 12/ fee Py nax = 689 Eqn 6.11
PrincipalCompression := |"O.K." if Py <P o0 AP cSPoa APR <Py

"N.G." otherwise

PrincipalTension := |"OK." if Py < 121/ fee A Py < 12+/fce A Pig < 12+ fee

"N.G." otherwise

PrincipalCompression = " O.K. "

PrincipalTension =" O.K. "

Note :
If Principal Compression OR Principal Tension is Not "O.K." then Footing
thickness shall be increased.

7/12/2006
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(AASHTO 4.4) File:Pseicfi21b123 Date: 08/24/06
Bridge EXAMPLE1 (@@ County Pemiscot Column # 1
Beat # 2
# of columns = 3 Caiculate FWS reduction factor: Footing volume (ft.A3) = 676 Footing weight (kips) = 101.40
Columa diameter (ft.) = 3 roadway width (ft.) = 38.83333 Add. columa Ht. (ft.)* = 0 Fill weight = 58.30
Fill depth (ft.) = 3 172 of adjacent spans (ft.) = 60 Add. column weight = 0.00
Number of piles* = ° 14" CIP FWS reduction (k/col) =  27.18 Max add. (fig+col+fill) = 159.70
Footing depth (R.) = 4 Min Add. (fig+col-FWS) = 74.22
Pt length along Z axis () = 13 OR Mini. Rig length (ft.)*** = Min eccentricity (ft), ¢'= 0.14
P width along Y axis (ft) = 13 OR Mini. Fig width (ft.)*** = W/Seismic Max 56.72  Ton/pile
Wi/Seismic Min -19.,01  Ton/pile
Group sect. mod., Sz = 30
Group sect. mod., Sy = 30 AASHTO LRFD Table 3.4.1-1 R ded LRFD Guidelines section 6.4.2 & 8.5 for scismic design
Combination & Load factors Plic size allowed 16" Used 14" CIP
30 Cant'r dist. From face of column to cdge of pile cap, Litg = 5
30 Ratio of Litg/Ftg depth= 125 <=25 1f Ratio of Lftg/Ftg depth >2.5 then use modification factor = 1.2
Lenght to widht ratio = 1.00 Note: Sz and Sy are group section modulus based on spacing ratio, and equal to sum Factor 1
of centroid dist. times # of piles divided by centroid dist, Mp(o) = Mp * Factor
where Sz Is about bridge direction.
Seismic Load _
where,
[Factor 1 1 e (y) is along footing lenght Pmax = Axial + (Max. add) / Joad factor
¢ (z) is along footing width Pmin = Axial + (Min. add) / load factor
Growp7= 100 (Earth quake) Me =Pmax * ¢
TENSION
Load Load Four possible load cases (Tons) Four possible load cases (Tons) PER
Mp(o) Group Factor Axial My Mz Pmax Me Pmax (1) Pmax (2) Pmax (3) Pmax (4] Pmin M'e | Pmin (1) Pmin(2) Pmin(3) Pmin{4)| PILE
(TONS)
SEISMIC Axial Mp Mplo)
0 Column! 1.0 0 0 0 159.70 0.00 8.87 8.87 8.87 8.87 74.22 0.00 412 412 4.12 412 0 0 0
210 Columnl 1.0 177 910 910 336.70 0.00 49.04 18.71 33.87 33.87 25122 0.00 -16.38 13.96 -1.21 -1.21 -16.38 177 910 910
0 Column2 1.0 0 [ o 159.70 0.00 8.87 8.87 8.87 8.87 7422 0.00 4.12 4.12 412 4.12 0 0
829 Columa2 1.0 81 829 829 240.70 0.00 41.01 13.37 2719 27.19 155.22 0.00 -19.01 8.62 -5.19 -5.19 -19.01 81 829 829
1] Column3 1.0 (1] 0 0 159.70 0.00 8.87 8.87 8.87 8.87 74.22 0.00 412 412 4.12 412 0 0 0
982 Column3 1.0 272 282 9282 431.70 0.00 56.72 23.98 40.35 40.35 346.22 0.00 -13.50 19.23 287 2.87 -13.50 272 982 982
for seismic analysis, 56.72 SEISMIC MAXIMUM 56.72 2398 4035 4035 412 19.23 4.12 4.12
-19.01 SEISMIC MINIMUM 8.87 8.87 8.87 8.87 -19.01 4.12 -5.19 -5.19
Maximum Design Pile Load (tons/pile) =  56.72 Pmax (1) = Pmax/# of Pile + My/Sy + Mz/Sz Prnin (1) = Pmin/# of Pile - My/Sy - M2/Sz
Tension (tons/pile) = -19.01 tension  Pmax (2) = Pmax /# of Pile + Me/min(Sz.Sy) Pmin (2) = Pmin /# of Pile - Me/min(Sz,Sy)
Plle Dimension : 9 14" CIP Pmax (3) = Pmax/# of Pile + Me/Sy + M2/Sz Prain (3) = Pmin/# of Pile - Me/Sy - M2/Sz
Footing Dimension : 13.00' L x 13.00' W x4.00'D Pmax (4) = Pmax/# of Pile + My/Sy + Me/Sz Pmin (4) = Pin/# of Pile - My/Sy - Me/Sz
LoD CA3E ! o
[
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(AASHTO 4.9) File:Pscicfi2 1bi23 Date: 08/24/06
Bridge EXAMPLE1 (ﬂl@ County Pemiscot Column # 1
Bent # 2
# of colurmns = 3 Calculate FWS reduction factor: Footing volume (fA3) = 676 Footing weight (kips) = 101.40
Column diameter (ft.) = 3 roadway width (ft.) = 38.83333 Add. colomn Ht. (ft.)* = 0 Fill weight = 58.30
Fill depth (f.) = 3 172 of adjacent spans (ft.) = 60 Add. cohrmn weight = 0.00
Number of piles*™ = 9 14" CIP FWS reduction (k/col)=  27.18 Max add. (ftg+colHfil)) = 159.70
Footing depth (ft.) = 4 Min Add, (Rg+col-FWS) = 74.22
Ft length along Z axis (ft.) = 13 OoR Mini. Fg length (R.)*** = Min ecceatricity (ft), ¢'= 0.14
Pt width along Y axis (ft) = 13 OR Mini. Ftg width (f.)*** = W/Selsmic Max 4035  Ton/pile
W/Seismic Min -5.19  Ton/pile
Group sect. mod., Sz = 30 = - - RFD
Group sect. mod., Sy = 30 R ded LRFD Guidelines section 6.4.2 &8.5  for seismic design
Combination & Load factors _ Plie size allowed 16" Used  14"CIP
30 Cant'r dist. From face of column to edge of pile cap, Lftg = 5
30 Ratio of Lftg/Ftg depth =  1.25 <=25 If Ratio of Lftg/Ftg depth >2.5 then use modification factor = 1.2
Lenght to widht ratio = 1.00 Note: Sz and Sy are group section modulus based on spacing ratio, and equal to sum Factor 1
of centroid dist. times # of piles divided by centroid dist. M.L(o)= Mp * Factor
where Sz is about bridge direction.
Seismic Load comb
Laong dir. Trans dir. where,
actor | 0 | 1 1 e (y) is along footing lenght Pmax = Axial + (Max, add) / load factor
e (2) is along footing width Pmin = Axial + (Min. add) / boad factor
Group7= 100  (Earth quake) Me =Pmax *¢'
TENSION
Load Load LFour possible load cases (Tons) Four possible load cases (Tons) PER
Mp(e)  Group Factor Axial My Mz Pmax Me Pmax (1) Pmax (2) Pmax (3) Pmax (4) Pmin M'e Pmin (1) Pmin(2) Pmin(3) Pmin(4)| PILE
(TONS)
SEISMIC Axial Mp Mp(o)
0 Columal 1.0 [} 0 0 159.70 0.00 8.87 8.87 8.87 8.87 7422 0.00 4.12 412 4.12 412 1] 0 0
910 Coluranl 1.0 177 o 910 336.70 0.00 33.87 18.71 33.87 18.71 25122 0.00 -1.21 13.96 -1.21 13.96 -121 177 910 910
o Calumn2 1.0 0 1] ] 159.70 0.00 8.87 8.87 8.87 8.87 7422 0.00 412 4.12 412 4.12 0 0 0
829 Column2 10 81 0 829 240.70 0.00 27.19 13.37 27.19 13,37 155.22 0.00 -5.19 8.62 -5.19 8.62 -5.19 81 829 829
(1] Column3 1.0 0 0 0 159.70 0.00 8.87 8.87 8.87 8.87 74.22 0.00 4.12 412 412 412 0 0 0
982 Column3 1.0 272 ] 982 431,70 0.00 40.35 23.98 40.35 23.98 34622 0.00 2.87 19.23 2.87 19.23 272 982 982
for seismic analysis. 40.35 SEISMIC MAXIMUM 4035 23.98 40.35 23.98 412 1923 4.12 19.23
-5.19 SEISMIC MINIMUM 8.87 8.87 B.87 8.87 -5.19 4.12 -5.19 4.12
Maximum Design Pile Load (tons/pile) =  40.35 Pmax (1) = Pmax/# of Pile + My/Sy + Mz/Sz Pmin (1) = Pmin/# of Pile - My/Sy - M2/Sz
Tension (tons/pile) = -5.19 Pmax (2) = Pmux /# of Pile + Me/min(Sz,Sy) Pmin (2) = Pmin /# of Pile - Me/min(Sz,Sy)
Ple Dimension : 9 14" CIp Pmax (3) = Pmax/# of Pile + Me/Sy + Mz/Sz Pmin (3) = Pmin/# of Pile - Me/Sy - Mz/Sz
Footing DJ) ion: 13.00' L x 13.00' W x4.00'D Prax (4) = Pmax/# of Pile + My/Sy + Me/Sz Pmin (4) = Pmin/# of Pile - My/Sy - Me/Sz




(AASHTO 4.4)
Bridge EXAMPLE1 (me) Connty Pemiscot
Bent # 2
# of columns = 3 Calculate FWS reduction factor:
Column diameter (f.) = 3 roadway width (ft.) =
Fill depth (ft.) = 3 172 of adjacent spans (ft.) =
Number of piles** = 9 14" CIP FWS reduction (k/col) =
Footing depth (ft.) = 4
Ft length along Z axis (ft.) = 13 OR Mini. Ftg length (fL)*** =
Ft width along Y axis (ft) = 13 OR Mini. Ftg width (ft.)*** =
Group sect. mod., Sz = 30
Sakiser &
iLoad Combination & Load factars |
30
30
Lenght to widht ratio = 1.00

38.83333
60
27.18

Y i 3
f
\
\ Y
SP
File:Pseicft21b123
Column # 1
Footing volume (fA3)= 676
Add. column Ht. (fiL)* = 0
W/Seismic Max 4853  Ton/pile
W/Seismic Min -12.10  Toa/pile

Note: Sz and Sy are group section modulus based on spacing ratio, and eguat to sum
of centroid dist. times # of piles divided by centroid dist.

Date: 08/24/06

Footing weight (kips) = 101.40
Fill weight = 58.30
Add. column weight = 0.00
Max sdd. (fig+col+fill) = 159.70
Min Add. (fig+col-FWS) = 74.22

Min eccentricity (ft), ¢' = 0.14

48

ded LRFD Guideli

Plic size allowed 16"
Cant'r dist. From face of column to edge of pile cap, Lfig =
Ratio of Litg/Fig depth =

Used

section 642 &85

14" CIP

1.25

Factor

Tor scismic desy

5
<=25
1

If Ratio of Lftg/Fig depth >2.5 then use modification factor = 1.2

Mp(o) = Mp * Factor

where Sz is about bridge direction.
where,
e (y) is along footing lenght
e(2) is along footing width
Mz Pmax
0 159.70
910 336.70
(1] 159.70
829 240.70
0 159.70
982 431.70
48.53 SEISMIC
-12.10 SEISMIC
Maximum Design Pile Load (tons/pile) =  48.53
Tension (tons/pile) = -12.10

Piie Dimension : 9 14" CIP

Footing Dimension : 13.00' L x 13.00' W x4.00'D

Pmax = Axial + (Max. add) / load factor
Pmin = Axial + (Min. add) / load factor
Me = Pmax *¢'
Four possible load cases (Tons)
Me Pmax (1) Pmax (2) Pmax Pmax (4
0.00 8.87 8.87 8.87 8.87
0.00 41.48 18.71 33.87 26.29
0.00 8.87 8.87 8.87 8.87
0.00 34.10 13.37 27.19 20.28
0.00 8.87 8.87 8.87 8.87
0.00 48.53 23.98 40.35 3217
MAXIMUN 4853 2398 4035 3217
MINIMUM 887 8.87 R87 8.87
Pmax (1) = Pmax/# of Pile + My/Sy + Mz/Sz
tension  Pmax (2) = Pmax /# of Pike + Me/min(Sz,Sy)

Pmax (3) = Pmax/# of Pile + Me/Sy + Mz/Sz
Pmax (4) = Pmax/# of Pile + My/Sy + Me/Sz

74.22
251.22
74.22
155.22
7422
346.22

Four possible load cases (Tons)
Pmin (1) Pmin Pmin (3) Pmin (4
412 4.12 4.12 4.12
-8.79 13.96 -1.21 6.37
4.12 4.12 4.12 4.12
-12.10 8.62 -5.18 171
4.12 4.12 4.12 4.12
-5.32 19.23 2.87 11.0s
4.12 19.23 4.12 11.05

-12.10 4.12 -5.19 1.71

TENSION
PER
PILE

(TONS)

-8.79
-12.10
-5.32

Pmin (1) = Proin/# of Pile - My/Sy - Mz/Sz
Pmin (2) = Pmin /# of Pile - Me/min(Sz,Sy)
Pmin (3) = Pmin/# of Pile - Me/Sy - M2/Sz
Pmin (4) = Pmin/# of Pile - My/Sy - Me/Sz

Mp

Mp(o)
0




( PN il
\ i |
N\, - NG, i) iid ,"
sp éb?
(AASHTQ 4.4) File:Pseicft2 16123 Date: 08/24/06
Bridge EXAMPLE1 ( mg) County Pemiscot Column # 1
Hent # 2
# of colnmns = 3 Calculate FWS reduction factor: Footing volume (ft.A3) = 676 Footing weight (kipsj= 101.40
Column diameter (ft.) = 3 roadway width (ft.)= 38.83333 Add. column Ht. (ft.)* = 0 Fill weight = 58.30
Fill depth (ft.) = 3 172 of adjacent spans (ft.) = 60 Add. column weight = 0.00
Number of piles** = 9 4" cip FWS reduction (k/col) =  27.18 Max add. (fig+col+fill) = 159.70
Footing depth (ft.) = 4 Min Add. (ftg+col-FWS) = 74.22
Ft Jength along Z axis (ft.) = 13 OR Mini. Fig length (ft.)*** = Min eccentricity (ft), ¢'= 0.14
Ft width along Y axis (t) = 13 OR Mini, Fig width (fL.)*** = W/Seismic Max 4690 Tonfpile
Wi/Seismic Min «10.72  Ton/pile
Group sect. mod., 5z = 30 y e e . —
Group sect. mod., Sy = 30 AASHTO LRFD Table 3.4.1-1 R ded LRFD Guidelines section 6.4.2 &85  for seismic design
Picaaower 16" Ui 14T
Cant'r dist. From face of column to edge of pile cap, Lfig = 5
Ratio of Lfig/Figdepth= 125 <=25 If Ratio of Litg/Fig depth >2.5 then use modification factor = 1.2
Note: Sz and Sy are group section modulus based on spacing ratio, and equal to sum Factor 1
of centroid dist. limes # of piles divided by centroid dist. Mp(o) = Mp * Factor
where Sz is about bridge direction.
where,
€ (y) is along footing lenght Pmax = Axial + (Max. add) / load factor
¢ (z) is along footing width Pmin = Axial + (Min. add) / load factor
Me = Pmax *¢'
TENSION
Four possible load cases (Tons) [ Four possible load cases (Tons) l PER
Mz Pmax Me Pmax (1) Pmax(2) Pmax (3) Pmax (4] Pmin M'e | Pmin (1) Pmin Pmin Pmin (4) | PILE
(TONS)
Axial Mp Mp(o)
0 159.70 0.00 8.87 B.87 8.87 8.87 7422 0.00 412 4.12 4.12 412 0 0 0
637 336.70 0.00 39.94 18.71 29.32 29.32 251.22 0.00 -7.28 13.96 3.34 3.34 -7.28 177 910 910
0 159.70 0.00 8.87 8.87 8.87 8.87 74.22 0.00 4.12 4.12 4.12 412 0 0 0
580.3 240.70 0.00 32.72 13.37 23.04 23.04 155.22 0.00 -10.72 8.62 -1.05 -1.05 -10.72 81 829 829
0 159.70 0.00 8.87 8.87 8.87 8.87 7422 0.00 412 412 412 4.12 0 0 0
6874 431.70 0.00 46.90 23.98 35.44 35.44 346.22 0.00 -3.68 19.23 7.78 7.78 -3.68 272 982 982
46.90 SEISMIC MAXIMUY 46,90 2398 35.44 3544 4.12 19.23 7.78 7.78
-10.72 SEISMIC MINIMUM 887 8.87 B.87 887 -10.72 4.12 -1.05 -1.05
Maximum Design Pile Load (tons/pile) =  46.90 Pmax (1) = Pmax/# of Pile + My/Sy + Mz/Sz Pmin (1) = Pmin/# of Pile - MySSy - M2/Sz
Tension (tons/pile) = -10.72 tension  Pmax (2) = Pmax /# of Pile + Me/min(Sz,Sy) Prmin (2) = Pmin M of Pile - Me/min(Sz,Sy)
Plie Dimension 9 14" CIP Pmax (3) = Pmax/# of Pile + Me/Sy + Mz/Sz Pmin (3) = Pmin/# of Pile - Me/Sy - Mz/Sz

Footing Dimension : 13.00' L x 13.00' W x 4.00'D

Pmax (4) = Pmax/# of Pile + My/Sy + Me/Sz

Pmin (4) = Pmin/# of Pile - My/Sy - Me/Sz




)

Co. Pemiscot

Br. No. Example1 (/M0
Pilefoot1000.xmcd

T:\br-proj\patels\LRFD Guide 2005

Pile cap Design
Seismic Load, =

AL

ip Col dia, Di2ig

pile

Eq.col, De:=|n-—
q [n 2

Footing size:

Width intrans dir., Bi=13 & Lengthinlongdir, [i={3

Pile lomted from
face of col

&
S

No. of pile No. of pile

along y axis

SP 8/24/2006

along z axis

20.5
R P

Pile located from

face of col

1
M, = E(Nu -L1 + Npz- L2) i 3
1 k-1 : 1 :
M, := E(NBl Bl + Ng - BZ) ‘P M;=973 —— Use 1ftwidth ‘b . in
0.5

¢ = 024.|[EC £,=0416 ksi

= 0. : r=0. LRFD 542.6
o 3 . 4 H

lg:==—"-b-H Ig=110592 in Y=

ST & "2

Sei= B §,=4608 i’

Yl
f k- ft

Mer := S - ’E Mer = 159.63 Pk ! LRFD 573.3.2

12Mor = 19155~ 2

ft
Long dir bar
1.33 - My = 129.46 k- ft
ft
ft

Use Mygesign:= min(1.2Mcr,1.33M,)  Myesign = 129.46 k ~ "

Long bar # Long bar dia Db, := L
8

A 2o i‘- Dby Asppe = 0,601 in’
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Br. No. Examplet (/70) Co. Pemiscot SP 8242006 |

T:\br-proj\patels\LRFD Guide 2005 Pilefoot1000.xmed
Db,
¢:=09 dep,:=H-C- T dc;, =43.56 in LRFD 5542
12
Ruy = Mygesign ——— Ruy = 0.076
0.5
Rwooe 285 Fe L, Ruy
WE Ty 0.85Fc Rw, = 0.0013
Asreqdperft=  Ag:=Rwy-b-de As; = 0.671 _m_2
ft
2#6 Hair pin bar area,
Tot As req'd in long dir, = ‘B -
erra e gdin As:=As B-Asgy 0 _gg37 i
ASL
No. of long bar req'd, Nb, := Nb, =13
ASLbar

in long dir with Hair pin bar

Trans. dir bar

k- ft
133- M, = 12946 ——

k-ft
Use  Mygesign = min(1.2Mcr, 1.33M,) Mygesign = 129.46 —=

Tbar

trans bar # Tt trans bar dia Dby := —
A 8

Dby
dopi= H~C Dby, ———= dop = 42.69 in
12
Ru, := Mdesign * Ru, = 0.079
¢ b- dCT
0.5
oo 088 Fe | Ru,
Ry 0.85Fc Rw, = 0.0013

; 2
Asreq'dperft=  As := Rw,-b-dey As; = 0.685 -l-;t—

TotAsreq'dinlongdir, Asp:= As L ~ Asg, Asp = 8.021 2

Ay, 1= % .Dby> Asgy = 0.601 in’
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Br. No. Example1 ( MO)

Co. Pemiscot SP

8/24/2006

T:\br-proj\patels\LRFD Guide 2005 Pilefoot1000.xmcd 57’
Ast
No. of long bar req'd, Nby:= —— Nbr=13
ASThar
Use 14#7 in Trans dir with Hair pin bar

Long dir

4 Asgy, = 0.88

NL . AsLba: + ASEb
B

AsLtOt =

452
m
ASLtDt = 0-715 ?

Fy

8= ASe s Fo b

ap = 1.402 in

dep =43.563 in

Fy ap
Mr,:= & « As ¢ — . dey — —
y ¢’ Ltot 12-1 ( L 2]

k- ft
Mry =138 ——
f

LongReinforcement := |"O.K." if Mygesign < Mry

"N.G." otherwise

LongReinforcement = " O. K. "

Check One-way Action

Critical shear location @ dv
dec:= min(ch,dor)

a
do - — = 41.986 0.9 - dc = 38.419

dv = ma{(dc - %) ,(09- dc),(0.72 - H)]

F
Vr1:=¢-0.25-—1£-(B-12)-dv

a:= max(al_, aT)

ettt BT

Trans dir

Fy

a = As O e ——————
B T 8 Fob

ar=1.402 in

dop=42.688 in

Fy ar
Mr:_—_ 'AS . — d ——
2= 0 Ttot 121 (C’T 2)

Mr, = 135 ko
ft

TransReinforcement := |"O.K." if Mygesign < Mr,

"N.G." otherwise

TransReinforcement = " O. K. "

LRFD 56.8.3.3

0.72 - H= 3456

dv=4198 in

Vrl =4421 kip
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Co. Pemiscot SP  8/24/2006 S }

Br. No. Example1 ( /")
T:\br-proj\patels\LRFD Guide 2005 Pilefoot1000.xmcd

0.5
Fc
Vr2:=¢-0.0316-(B-12)-dv-p - [T) V2 = 645 kip

Vr := min(Vrl, Vr2)

Critical shear location De ..dl =483 g from centof column

2

No. of pile out side critical shear location, Npije := 3

Shear load = Npile P V=342 kip

Onewayshear:= ["O.K." if V<Vr
"N.G." otherwise

~ Onewayshear="0.K. "

Check Two-way action LRFD
Critical section width, Cs:= % + De

bo:=4-Cs-12 bo=296 inch

De
pes2= De
0.5 0.5
Vn := min{|| 0.063 + 0.826 . _F_c) -bo-dv|, 0.126-[££ ~bo-dv
Bc 1 1
Vn=2708 kip
VR:= ¢ - Vo VR =2437 kip

No of pile outside critical area,

T

Vipunch = Npileout* P Vpunch = 912 kip

Twowayshear:= |"O.K." if Vpyen < VR
"N.G." otherwise

Twowayshear =" 0. K. "

Vr =645 kip

5.13.3.6.3



Br. No. Example1 (o) Co. Pemiscot SP  8/24/2006
T:\br-proj\patels\LRFD Guide 2005 Pilefoot1000.xmcd

Shrinkage and temperature reinf. LRFD 5.10.8.2
Ag:=H-b

0.11- % = 1.056 0.0015 - Ag = 0.864
y

Asgpy = mln{(g-%ﬁ) ,0.0015 - Ag]
y

Asgyr = 0.864

Asgyr

op 2

2
Required As for shrinkage @ top & bottom in either dir Aspop = 0.432 %

.2
As required by design in either dir, As:= min(As,, AS:) As=0.671 —

ShrinkageReinf := |" O.K." if Asyp, <As

"N.G." otherwise

ShrinkageReinf =" 0. K. "
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I
l«——Symm. about ¢ Bent

| 38'-3"
(M 2 -#-U20 18 -13" 12"!
2 spa @ 8" ] .I'
() 25-#5-U21 34 6 spa. 3'-0" 11 spa. 4 spa. 2'to
(double) @6” @6" @ 12" | A
(M 3 -#5-u22 3'-34" | 2 spa. i3 —a" ~
@12 I
(M _1-#4-U23 18'-74" 16" |"‘B
) 174" 8'-10" 8'-10"
S I 4-#5-H20 C
8-#3-H21 : .
T g l 5 L r.
{ / ' 3
- . all ik ] L)
= . Y
) \ k
L 1 L I o33
< . 7 |
P 3% 2-#6-H22 T
| % S 54 = g
5 - Pix * QlE + 8~#8-H23 '
el \l ;. :" . nl- ‘8 E'« ! R
E = = | ¥ i i !
a [ 2l i Const. Jojnt Key [
b ) | 12"X12"X2" (+yp.) |
~1= 3 @ ' |
EIS ? I :
2= < h € Colum & & Footing —f—> i|=
a ; ~ = |;<‘p u:llg:j = i ?la
ap splice in acen + “ , . w2
° t | 14’ -4 I P £
sl | T brs shai| e staggera R T i
v|oa ~N | I '
E m o I 30 1o
® 7|4-%-v (typ.) v '
13 .1. * (typ.) T { _l% (?ﬁla.)
- - 5—#g-v !
e . (+yp.) D : .
N tf* % !
i < 6-%8 6-#8 6—#8 é |
v ] i |
—— 2 "2 I -
~ ——‘I o
T 16—%6 , - %
2|8 | >P dy— | <|¥
- t -! . \_
12-#8 6~#8 I Copst. Joint Key
-y E) LA 12"X12 XZL (typ.)
10° 0" (+yp.) ELEVATION

NOTE:

14 — 14" CIP Plle

% Lapping of spiral reinf. (P-bar) not allowed In this areaq.
¥bk Spaced as shown In the footing plon.

Reinforcing steel shall be Grade 60 (fy = 60 ksi).

14"@ CIP plles not shown for clarity.
#6-U-bar In the footing not shown for clarity.
For plan of footing. see next sheet.

1

80 diameter I|ap

10"

DETAILS OF 135°

NOTE: Spiral P-bar not shown for clarity.

Vertical column
reinforcing bar

135* hooks

Missouri Example 1

Vertical column
reinforcing bar

ANCHOR SPLICES IN SPIRAL AROUND VERTICAL BAR
(USE FOR INTERMEDIATE SPLICES OF SPIRALS)

(must lap around

C SPIRAL
SEl oM A RN one vertical bar)

Lap splice of V-bar not shown for clarity.
Kk If 2” min. clearance do not meet then

at the contractor’s options the hooks of
V-Bars embedded in beam cap may be
oriented inward.

DETAIL OF #4-P20
SEISMIC STIRRUP BAR

DETAILS OF INTERMEDIATE BENT NO. 2 & 3

3'_6”
2 4-¥5-H20
s 8~#8-H21
¥ 23
=4 ok “min clr_(typ.) ¥k
S ~
#5-H22 _ J
)
Vv #5-U20
3# Bl .-_;L3n
Const. Joint Key | 8—¥8-H23
12"X12"x2"
13-#8-V
¢ Beam: & Key
¢ Column &
€ Footing "
w
1
R
o~
8-#5 8-#5 12
.‘_-.b,.'_.s -li'Alhl:‘-b.'.<A‘ ?
R EOREN N .a-.;A-"‘l~ =y
x % '.bl.lt..bl'fg_'.. -
- 7z
/ |
Const. Jt. Key—] 12-%9
12" x 12" x 2¥ - 16-#%
e
15'-0"
14 — 14" CIP Pile
SECTION A-A

3'-6"
8-#8-H21
: e
it B2 2
#6-H22 0
- 21 ™
8-#8-H23

SECTION B-B

NOTE: Dowel bar not shown for clarity.

I 8-#8-H21

#5-H22 PS¢

3'-3"

#5-U22

g e
OO RN )

8-#8-H23

SECTION/C~C

¥4-P21 spliral
bar @ 3“ pltch

8-V bar (typ.)
SECTION D-D
500 - Yr EQ



o

st

14"@ - CIP (+typ.)

g .0-,G1
Q Y—v v  -v  S-b
,H w€.2|,84(,81|,8L),8L0,8L|,8l,8L(,€-,2
o |
| | _ | _
£ 1 L ) . ' j ﬂd
w T|||I.1 \mﬁ l..alvﬂ\u\«_l/ Ilnl.fﬂl\_l/ Ilnl\\*l/rlnll\\m:w&\oll = /_
Alﬂ - I—.\J. /\N Alp\.- ﬂ”_..\ﬁn N
b NN
. 71 . ] . < Ll
§ Tl.._l.r,, |--.A.\_.1,ﬁ|T -1iw|mL|iAH.,1ii§; .
o % = Ed N N | v - Nz kad )
AR EHEIE
5 1| m _ | | wye
M — - —~ -~ - B3
R e D e e e (| o (e may WL
! N

SR I e [ i AN S S S S——

P_

y

-
C Pile

a
>
+—
o
(&)
I
8
<
»0—,G1 N
:N—.
. 98 91-8
© ...VIJ tOFI\V :V'\m \\Owl\v
AR AN | L | |
® e
— =T o ll$,4 4
- ~“ ~ ~ ~ <~ ) i
[ | _ _ : | Ny
.- _ _ 3 _
ol " Ty T v AE
] £ 1N /1N / ¢ 1
. i iy 5 0 et G o R W e drra W i e e
o % T J II*\ |AI_\ ﬂlm\ AI$\ 4 174
¢ AM | ! = _
" | | | _ [ < |¥
_~ —_~ A o P I 1
\ \ <
N v s v S B s 0 PO
© 1 | B | =k 1
-y - —t ! . —
_ _ ] _
Ol !ld d—F—- 5
tmw \\QI\M
BU|4004 B ¥

wnioy 3 *4leg y—>

EQ

¢ 3'-0" @ Col.
& ¢ Footing
-~ Y¥

&
500

o

see previous sheet.

Note: For bent elevation,

¢ 3'-0" @ Col.
& € Footing

DETAILS OF INTERMEDIATE BENT NO.

Example 1

Missour i



PN

@
4
0
=
m
W]
T
¥ _
w0 o J—
~N
— -
i) I
Pt | |
b : ! % 8ottom of
- | : e beam cap or
= £ | | footing
] > I |
= | I
m|Q | | =
e i | |11 T
w A | | A >N
| |
| |
' 1
| |
| I
6—%5 -V
T(Equolly Spaced) #4-P11
|
| |
| |
| |
| |
| |
2 " og-#5 -y
P
] SECTION A-A
n
| |
| i
|
| !
: i
' n
| 14" 0.D. welded or seamless steel
| T :
| pipe cast—-in—-place trestle pile
| l‘(//’/—__-(Nominal wal |l thickness 1/4” .
1 : (ASTM A252 Grade 3)
! I
|
I : 6-#5 -V
! I
! I
¢ I
Il IPT #4-P11
|
|
|
1
: I 135* Hooks (Must Iap
| around one vertical bar)
S5 — 74 DETAIL OF SEISMIC
osure Plate
ASTM AT09 crudaas_—/4 STIRRUP BAR
14* Stagger 135° hook |ocations for #4-P bar.

WELDED OR SEAMLESS STEEL PIPE
CAST-IN-PLACE PILE

Missouri Example 1 DETAILS OF CAST-IN-PLACE PILE 500 - YR EQ
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et

Noren

——Symm. about & Bent

'| 38'-3"
A
(M _2 —#5-U20 18°-14" 12
~2 spa @ 8" 3 lspo
() 27 -#5-U21 33 6 spa.  3'-0" 11 spa. 113 spa™y i‘”"
(double) @6" @6" @ 12" A
(M) 3 —#5-U22 3'-94" | 2 spa. 13-4
@12 18}
(M _1-#4-U23 18/ -74" 6" |"'B
I 17*" 8'-10" 8'-10"
S ! 4-46-H20 C
' ~
g [44qu1 ! s . r‘ 3'-6
¥ A - NJ S 4-#5-H20
® . ’ == f 5 g B~#8-H21
< A b ¥ -U23
y: \ . o _ . “min clr (+yp.) %k
PR 1 \ ]’ | L] e —— *
e — == #5-H22 S T
> s % 2-#6-H22 ! » I P
= [ » S8 —_— I'—B I_.c 0/ #5-U20
L - ¢ * + el £ 8—#8-H23 ! 3 e T+
al Tl i | Pgk:
fl ——LiE i i Comet fgi Kov_flop emenes
. 0,4 .
-E 2ls  Note: i] Y—Const. Jolnt Key ' 1 IR P
o] _ ™ Reinf. apilos shall be [ 12“X12“X2" (typ.) ! :".i'f".
Eg % ° BT P o | i i sy [T
el el +8. 3 - A
ol > € Colum & & Footing — Y L i B € s
als 4% s i T —4 -' e tor | € cotom s ™
5|E 7 || aglacent Borsshal 1 be 14'-4" I i | &< [ 5o ]| € Footing .
- ~ staggered at least 24" apart) b » X ,'l * ’. 'f
o|a >/ | [ 250 -
E ™ i 3’%0” ‘:;']. . &
| 4-2-v (typ.r— N—a-2-v | ; A A !
b= 3 ¥ [‘\ tyorr & i (typ-) e
(=] ™ H » : ] r Lt
= - \—5-#3-v  ol+ 1 o R X
o 2 (typ. ) $‘-’ 2 | 13,—.,{1..
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14"@ CIP piles not shown for clarity.

#6 -U-bar in the footing not shown for clarity.

For plan of footing. see next sheet.
Mk Spaced as shown In the footing plan.

Missouki Example 1

Mechanloal couplers not shown for clarity.

%% I1f 2" min. clegrance do not meet then
at the contractor’s option. the hooks of
V-Bars embedded In beom cop may be

80 digmeter |ap orlented Inward

Vertical column
reinforcing bar

ANCHOR SPLICES IN SPIRAL AROUND VERTICAL BAR
(USE FOR INTERMEDIATE SPLICES OF SPIRALS)

: [
° .
#4-P20 (Butt - welded)

DETAILS OF 135°
SEISMIC SPIRAL
TIE HOOK

#3-V bar (typ.)

DETAIL OF #4-P20
SEISMIC STIRRUP (HOOP) BAR

DETAILS OF INTERMEDIATE BENT NO. 2 & 3

(typ.)

3"'6”
8—#8-H21
N 7XT &
B . . =
#6—H22 ¥ i
“I& #5-U21 ™
8—#8-H23
SECTION B-B

NOTE: Dowel bar not shown for clarity.

8-#8-H21

SECTION C-C

#4-P21 spiral
bar @ 3" pitch

SECTION D-D

NOTE :

500 - Yr +o 1000 - Yr
detail changes

shown with the

“BLUE" color.

1000 - YR EQ
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14" 0.D. welded or seamless steel
/— pipe cast-in-place trestle pjle

(Nominal wall thickness 1/4" .
(ASTM A252 Grade 3)

AT

3/4" Closure Plate /

AASHTO M183 Grade 36 —
14"

WELDED OR SEAMLESS STEEL PIPE
CAST-IN-PLACE PILE

6-#5 -V

SECTION A-A

6-#5 -V

#4-p11

135° Hooks (Must |ap
around one vertical bar)

DETAIL OF SEISMIC
STIRRUP BAR

Stagger 135° hook locations for #4-P bar.

#4-P12 (Butt — welded)

#5-V bar (typ.)

DETAIL OF #4-P12

SEISMIC STIRRUP (HOOP) BAR

NOTE :
500 - Yr to 1000 - Yr
detail changes
shown with the
“BLUE” color.

Missouri Example 1 DETAILS OF CAST-IN-PLACE PILE 1000 - YR EQ



