
 
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 (SD1): 0.86g
 
 
Additional Description (Optional): Trial design has been completed and submitted 
and is currently being reviwed.
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Br. No. Example1 (Missouri) page no, f 
9/7/2006 

Purpose: 

Review "Recommended LRFD Guidelines for the Seismic design of highway 
bridges". For review considered PIS 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). 

Assumptionslcomments: 

1. Bridge location: 36 deg Lat. & -89.8 17 deg Long. 

2. Seismic category: SDC "D". 

3. Use web site: httv:llearthquake.usns.~ovlresearch/hazmavs (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). 

4. 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. 

5. As per LRFD guideline section 8.4.4, expected concrete compressive strength 
f c e  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. 

6. Assumed all seismic loads will be resisted by Int. bents only (without any 
contribution from Abutmenmnd bents). 

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

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

d i 9. Liquefaction is not considered. 

T:\br-proj\patelsU,RFD Guide 2005 seis Exl\seismic06exl .doc 
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w/sm 
CASING TYP 

q I ~ ' / L  I P IW.) , 
SECTION-INTERM EDIA'TE PIER (, 13'313'1" 4 
SCALE: 1/16*=l'-0" * 

Elevation of Intermediate Pier 

Elevation of Integral Abutment 





LRFD Bridge Design Guidelines 
Prestressed Concrete I-Girders - Section 3.55 Page: 3.3-1 

Detai la 
3 .3  Beam T v ~ e  3 
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BR. NO. Exarn~lel (/no> 
DESIGN FILE: EQlNPUTl 

SEISMIC DESIGN t 
Acceleration coefficient = A =$'&yT# 

Performance category = g . 
slab 

soil type 
I thickness Girder infomation : 

Span n0.K element width thickness, 
top flg x7". . 1.0a5.' :: 0.50 
web .,". .,'@@! c,:j.*?'.,1:92 
bot flg .: . 1:42':;., ' i .:4.83 

,' ;. ..; ..;, '.I; ". '. .,,: ,. , . 
no of girder ::-. . ,. 6,iXj':. . 1:. 5:  :.,. 

Roa 
span length 
dway width 

Assume Haunch =q 
Fc' of slat 
Fc' of Grc 
Grd Ytop = 32 
Grd Ht. = - 
Grd Ybot = 17.08 Inch 

Ratlo of Fc' = 1.12 
Slab Area = 27.51 

Grd area = 381.90 inA2 
Iz grd = 61.84 i n 4  

grd to grd ' ,,pay1 '4 . ' . bay2 .. i.. ' 'bay3 ::.. bay4;:'..'. ' bay5 , ;...',b+y? , ,. .:' : , '.:bay?: -: ' ;,. :b9fi. : . : . . ' .  
35.33 - .  ' , . . . .. 8.83 . 8.83 .: 8.83 ' 8.83 y e ;  ., , '  . .. ., . ;. , ,, , ,,, . , , . ... ' .i 1 ;.: . 

y for haunch 
C.G. = 

ly' 8 c.g. = 
Iz' 8 c.g. = 
y for grd = 

0.78 
0.35 ft from top of slab Haunch 

3456.R ly' 8 c.g. = 0.02 
1 .I5 Iz' 8 c.g. = 0.00 
2.68 Area = 0.16 

MOMENT OF INERTIA OF SUPERSTRUCTURE 
ly(TRANSF) 

A'dZ2 TOTAL INT. 
FT4 Fr4  

I z' Iz(TRANSF0) 
Y AREA * Y IND. INT., A'dY2 TOTAL INT. 
FT Fr3  Fr4 FT4 FT4 

NO. AREA Z AREA ' Z IND. INT.,ly' 
FT2 FT FT3 FT4 

SLAB 
GDl 
G D2 

.I GD3 

' - GD5 
G D6 
G D7 
GD8 
GD9 
GDlO 
HAUNCH1 
HAUNCH2 
HAUNCH3 
HAUNCH4 
HAUNCH5 
HAUNCH6 
HAUNCH7 
HAUNCH8 
HAUNCH9 
HAUNCH10 

5649.49 FT4 - 45.91 FT3 49.69 

Yb = 1.10 Fr FROM TOP OF SLAB 

133 = IZZ = 49.69 FT4 

ZB= - 0.00 FT FROM CENT OF STRUCTURE 

Torsional moment of inertia, Ix = 111 : 
roadway 38.83 
slab thick 0.71 
haunch 0.15 

Total Area = 41 -56 FT2 
I l l=  6.78 FT4 
122 = 5649.49 FT4 
1 33 = 49.69 Fr4 

I1 1 slab = 4.55 

I1 1 Grd = 2.23 
i . I1 1 Haunch 0.01 



Br. no. Example 1 (/ycQ) SP 

- - Superstruct Dead load 
Fw s 

Slab thick 
Roadway, 

No.of girder 
Girder area 
Girder spac 

Grd depth 
Grd bf bottom 

Edge ftom Grd 
Bartier curb area 

No. of curb 

35.00 psf 
8.50 inch 

38.83 ft 
5.00 
2.65 
8.83 
3.25 ft 
17.00 inch 
6.00 inch 
2.28 

2 

Int. bent no. 2 3 
No. of column 3 3 

Int. diaph 
Brg ht. assurned 1.00 1.00 inch 

Grdembed 8.25 8.25 inch 

Diap length 37.25 37.25 ft 
Diap width 2.50 2.50 ft 

Lt span 59.21 60.00 ft 
Rt span 60.00 59.21 ft 

Avg span 59.60 59.61 ft 
colsize 3 3 ft 

col length 26.50 26.50 ft 
colwt. 28.10 28.10 kipslcol 

Beam width 3.50 
Beam Depth 3.25 
Beam length 38.25 

Beam wt 65.26 

Int. diaph wt 43.78 
Beam wt. + Int. diaph wt = 109 

Super shuct DL 486.26 
Total DL @ bent = Super shuct DL +Int diaph wt= 530.04 

DL per column wlo substruct 177 

3.50 ft 
3.25 A 
38.25 ft 
65.26 kips 

43.78 kips 
109 kips 

486.27 kips 
530.05 kips 

177 kips 

Crack properties1 0711 1106 

Recommended LRFD Guidelines NCHRP 20-7(193) 
Fws 1.36 Wft 
Slab 4.13 Wft 

Girders 1.99 Wft 
Curbs 0.68 Wft 

SupaerstrDL= W = 8.16 Wft 

Check column requirement 
SDC D 
Art. 8.7.1 Min Lateral strength 
Bent no. 2 3 
Colsize= 3 3 A 

Col Rebar size = #8 #8 
No. ofbar= 13 13 

Colbar As = 10.21 10.21 inA2 
Article 8.8.2 Min %steel req'd = 1.00 1.00 

% steel provided = 1.00 1.00 c= 4% 
Arcicle 8.8.1 Max 4%steel allow = O.K. 0.K 

0.1 P DL = 17.67 17.67 kips 
Dist from C.G. of superstr to top of footing = 32.84. 32.84 ft 

Moment = . 580 580 k-ft 
Axial force = 177 177 kips 

Mom capacity ftom BM LRFD 3.71 2.5-2 = 650 650 k-ft 
O.K. O.K. 

Art. '8.7.2 Max Axial Load 
Ag = 7.07 7.07 FtA2 

F'ce = 3.90 3.90 ksi 
0.2Fce*Ag 794 794 kips 

W/O substructure 

DL per column with snbstruct 227 227 kips wlo Footing 

Axialload = 400 400 kips 
O.K. 0.K 



- - 

/ - \  

Br. nu. Example 1 (9 SP 

,.--I., 

Crack properties1 -, 

Eq. 8.7 

Eq. 5.6 

factor 

254.469 

factor 

Use Cracked Mom Inertia in SEISAB run 
Int. Bent No. 

cover for Hoop = 

Assume Hoop bar size = 

Hoop Spacing, S = in 
Hoop diam., Dc = in 

Fc = ksi 
Col. Long. Reinf. Ast = sq. in 

Column Gross Area, Ag = sq. in 
DL max per column from superstruct k 

Assumed EQ load k 
1.3 Fce = 1.3*Fc1 ksi 

P/(F'ce*Ag) 
Ratio Ast/Ag = % 

From chart IelIg Ratio NCHRP 20-7 page 5-18 
Ig = Pi*RA4/4 Gorss Mom Int. @tA4) 

I22 = Ratio*Ig = Crack Mom Int. @tA4) 
133 = Ratio*lg = Crack Mom Int. @tA4) 

Torsional Mom intertia, Jg = pi*RA4/2 Gorss Torsional Mom Int. (F1 
0.2 J eff = I 11 = Factor*Jg Effective Torsional Mom int. 

Column Gross Area, Ag = Sq. Ft 
Mod Elastic, E = KSF 

P7 

Light wt 

Rebar properties 
Ksi 

Esteel 29000 

7 /4x,+' OF Yield strength, Fy = 
/ l/ge 3 

Yield strength, Fye = 1.1* Fy = 
1 -. 

.)(7PRE4 R7Y-AMs 
Expected Tensile strength, Fue = 1.4* Fye = 

BEAM Properties No of bar Assume bar size # 
width, b Ht. 9 9 

Beamsize 3.5 3.25 Ft Use Fce= 3.90 ksi 
Bar area, As = 9 inA2 Ec = 3786 ksi 

n=Es/Ec: 7.66 d = 36.5 inch 
r =As/bd 0.005871 
n*r = 0.044969 
k = ( ~ ~ 2 + 2 W ) ~ l / 2 - ~  0.25828092 
J = 1-W3 = 0.913906 
Special I crac = bdA3*(1/2kA2*J) = 3.00 ftA4 Beam area = 11.38 ftA2 

62256 inA4 1638 inA2 

ksi 

ksi 

ksi 

Eq. 8.1 

Eq. 8.2 



AXIAL LOAD RATIO P/f ,,A, 

a) Circular Sections 

AXIAL LOAD RATIO P/f,&g 

b) Rectangular Sections 
FIGURE 5.4 Effective Flexural Stiffness of Cracked Reinforced Concrete Sections [x] 

- 
I NCHRP 20-7(193) Task 12 5-2 1 



No Title 

I science fur a changing world 

Interactive Deaggregations, 2002 

On this page you may select a retum 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). 

pEADm 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. . . and What kEpsh2 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 wil l  get a broken icon instead of a plot! 

Used forpkd lubeling purposes ody 
underscore 0, comma (,) and alphanumeric 
characters only, 
no bkiznks (they wild be replaced with an 
underscore), 

I name iength ~ m t e r s .  

. . 
-Geographic Deaggregation: I 
Make a map with hazard bars at source locations. 
@ None 
0 Coarse angle, coarse distance 
0 Fine angle, coarse distance 
0 Coarse angle, fine distance 
0 Fine angle, fine distance 

r Select location of interest in latitudellongitude: 

Specify in decimal d e w ,  use "-" to specify westem longitudes. 
Conterminous US: latitude 25 to 49 degrees, longitude -125 to -65 
degrees, only. 
Alaska: refer to 1996 Interactive Deanmegations page. 
Hawaii: refer to 1996 Interactive Deaaeregatiom page. 
Puerto Rim: latitude 17 to 19 degrees, longitude -64 to -68 degrees, 
only. 
Latilde: Ftlter lad Longituk knter Ion 1 
- SA frequency: 

&I = Spectral Acceleration; 
PGA = peak ground acceleration. 
Puerto Rim: only 0.5 hz, 1.0 hz, 5.0 hz and PGA are available 4, ' I ~ O ~ E  iyn IIK 

5'0 tbe 0.2 sw 
3.33 hz 

- wwmograms: 

Do you want seismograms for the event? 
0 None 
0 Modal, one-comer source 
0 Mean, one-comer source 

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









seismic Design Response Spectrum 
Br. No. 4 (m> File: Response-Spectrum 15 

Recommended LRFD Guidelines NCHRP 20-7(193) 

Design Seismic Event - 6% ProbabHiZy of Occurrence in 50 years (975 years Return time) 

Site Classification Based on m i s r n i c  m ~ a p  
Site class =-~ased on site condition 

7eL.g 3.4 2-1 
Bridge location 

& pc4 &,2 L5'G-S @ff7# 

Latitude = , 
Longitude = 

As per bridge location & USGS ma 
period spectral acceleration CSfi4. P' /a) 

1 -second period spectral acceleration ( S H q  N-0 I ) 

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 & St value 

SDC = D Based on LRFD Table 3.5-1 





XTRACT Section Report 
(') Section Name: Section1 Mcenter column 

MODOT 
MoDOT 
2/3/2006 
Pemiscot County 
Trial 1 x 
Page - of - 

Section Details: 
X Centroid: 
Y Centroid: 
Section Area: 
I gross about X. 
I gross about Y: 
Reinforcing Bar Area: 
Percent Longitudinal Steel: 
Overall Width: 
Overall Height: 
Number of Fibers: 
Number of Bars: 
Number of Materials: 

. Material Types and Names: 
Unconfined Concrete: Unconfined1 
Confined Concrete: Confinedl 
Strain Hardening Steel: Steel1 



sP 
XTRACT Analysis Report 

C') Section Name: Section 1 
Loading Name: Mcentercol 
Analysis Type: Moment Curvature 

MODOT 14 
M o m  
2/3/2006 
Pemiscot County 
Trial lx 
Page - of - 

Section Details: 
X Centroid: 

Y Centroid: 
Section Area: 

Loading Details: 
Constant Load - P: 
Incrementing Loads: 

Number of Points: 
Analysis Strategy: 

Analysis Results: 
Failing Material: 
Failure Strain: 

( . .) Curvature at Initial h a d :  

Curvature at F i t  Yield: 
Ultimate Curvature: + u 
Moment at First Yield: 
Ultimate Moment: 
Centroid Strain at Yield: 
Centroid Strain at Ultimate: 

N.A. at F i t  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: f 1 

177.0 kips - 
Mxx Only 

30 
Displacement Control 

Confined 1 
15.00E-3 Compression 
-.4368E-21 llft 
1.266E-3 l/ft 
25.86E-3 l/ft 

706.3 kip-ft 
1014 kipft 
.6987E-3 Ten 
18.13E-3 Ten 

.5521 ft 

.7012 ft 
24.04 kips 
1.629E-3 llft y 

74.50E-3 rad 

Moments about the X-Axis - kip-ft 

200 ' 

I I 

-0.010 0.000 0.010 0.020 0.030 
Curvatures about the X-Ads - 1/ft - M olaent Curvature Relation - Moment Curvature Biliflearization 



- 1  (/no1 9 
XTRACT Analysis Report 

c) Section Name: Section1 
Loading Name: MLeft column 
Analysis Type: Moment Curvature 

MO DOT 17 
MoDOT 
2/9/2006 
Pemiscot County 
Trial lx 
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: 
Number of Points: 
Analysis Strategy: 

Analysis Results: 
Failing Material: 
Failure Strain: 

C )  Curvam 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: 
~ f f k t i v e  Yield Moment: 
Over Strength Factor: 

Mxx Only 
30 
Displacement Control 

Confined 1 
15.00E-3 Compression 

623.5 kip-ft 
968.5 kip-ft 
.7650E-3 Ten 
24.77E-3 Ten 
.6308 ft 

,7974 ft 
27.12 kips 

828.1 kip-ft J 
0 

1.170 

a Plastic Rotation Capacity: 86.73E-3 rad 
EI Effective: 514.1E+3 kip-ftA2 
Yield EI Effective: 4768 kip-ftY 
Bilinear Harding Slope: .9275 % 

Curvature Ductility: 19.28 

CI 

Moments about the X-Axis - kip-R 
1000 - 

1, 

0 .OO 0.01 0.02 0.03 0.04 
Curvatures about the X-Als - lm - Moment Curvature Relation - Moment CurPature B h a h t i o n  



r n & l  (m) s P  
XTRACT Analysis Report 

C') Section Name: Section 1 
Loading Name: MRt column 
~nalysis Type: Moment Curvature 

MODOT 18 
MoDOT 
2/9/2006 
Pemiscot County 
Trial lx 
Page - of - 

Section Details: 
X Centroid: 1.646E-6 ft 
Y Centroid: -.5828B16 ft 
Section Area: 7.050 ftA2 

Loading Details: 
Constant Load - P: 
Incrementing Loads: 
Number of Points: 
Analysis Strategy: 

272.0 kips 
Mxx Only 
30 
Displacement Control 

Analysis Results: 
Failing Material: Confined 1 
Failure Strain: 15.00E-3 Compression c ) Curvature at Initial Load: .I393814 llft 
Curvature at F i t  Yield: 1.318E-3 llft 
Ultimate Curvature: 24.18E-3 llft - 
Moment at F i t  Yield: 
Ultimate Moment: 

783.8 kipft 
1070 kip-ft 

Centroid Strain at Yield: -6332E-3 Ten 
Centroid Strain at Ultimate: 15.96E-3 Ten 
N.A. at F i t  Yield: .4803 ft 
N.A. at Ultimate: .66W ft 
Energy per Length: 23.91 kips 
Effective Yield Curvature: 1.652E3 llft L"( 

Effective Yield Moment: 982.0 kip-ft 
7 - 

Over Strength Factor: 1.089 

A Plastic Rotation Capacity: 66.33E-3 rad 
EI Effective: 594.5E-1-3 kip-ftA2 ' 
Yield EI Effective: 3886 kipftA2 
Bilinear Harding Slope: .6536 96 

Curvature Ductility: (2 

Moments about the X-Axis - kip4  
1200 

1000 

800 

600 

400 

200 

0 
0.000 0.005 0.010 0.015 0.020 0.025 

Cmatures about the X-Ah - l f i  

Moment Curvature Relation - M o m n t m t u r e  Bilineahtion 



XTRACT Analysis Report 
r' 
( ) Section Name: Section1 

Loading Name: Mcenter column 
Analysis Type: PM Interaction 

MO DOT 
'7 

MoDOT 
2/3/2006 
Pemiscot County 
Trial l x  
Page - of - 

Section Details: 
X Centroid: 
Y Centroid: 
Section Area: 

Loading Details: 
Angle of Loading: 0 deg 
Number of Points: 40 
Min. Unconfinedl Strain: 3.000E-3 Comp 
Max. Unconfined1 Strain: 1.0000 Ten 
Min. Confined1 Strain: 5.000E-3 Comp 
Max. Confinedl Strain: 1.0000 Ten 
Mi. Steel1 Strain: 8.OOOE-3 Comp 
Max. Steell Strain: 

Analysis Results: 
Max. Compression Load: 
Max. Tension Load: 
Maximum Moment: 
P at Max. Moment: 
Minimum Moment: 
P at Min. Moment: 
Moment (Mxx) at P=O: 
Max. Code Comp. Load: 
Max. Code Ten. Load: 
Maximum Code Moment: 
P at Max. Code Moment: 
Minimum Code Moment: 
P at Min. Code Moment: 
PM Interaction Equation: 

8.000E-3 Ten 

4264 kips 
-673.9 kips 
1402 kipft 
1429 kips 
-1402 kip-ft 
1429 kips 
739.7 kip-ft 
2132 kips 
-606.5 kips 
768.5 kipft 
293.2 kips 
-768.5 kip-ft 
293.2 kips 
Units in kip-ft 

AialForce - laps 

- PMData - Code Reduced PM Data * -- Equation Fit to PM Data 



-1 (mo) w 
XTRACT Analysis Report 

(-\ 6 Section Name: Section1 
Loading Name: Mcenter column 
Analysis Type: PM Interaction 

MODOT .%@ 
MoDOT 
2/3/2006 
Pemiscot County 
Trial lx  
Page - of - 

Code Code 
P M 

(kips) (kip-ft) 



CAPP Project Report 
Loading Name: Combo 1 

\ i 
Report Type: Undeformed Shape - Units: ft 
Comments: LRFD Guide 2005 Seismic Example1 Page - of - 



File: ~:\br-proj\patels\~~F~ Guide 2005 seis Exl\3colbtexplH.cap 2/16/2006, 9:55:42AM 

I--. # CAPP Generated Input file 
# Created = 2/16/2006 a P" 
UNITS 

FORCE=Kips 
LENGTH=Feet 

JOINT 
NUM=1 X=O Y=1.47 
NUM=2 X=O Y=O 
NUM=3 X=O Y~25.03 
NUM=4 X=O Y=26.5 . 
NUM=5 X=O 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=1'4.33 Y=26.5 
NUM=10 X=14.33 Y=25.03 
NUM=11 X=14.33 Y=O 
NUM=12 X=14.33 Y=1.47 
NUM=13 X=-14.33 Y=1.47 
NUM=14 X=-14.33 Y=O 
NUM=15 X=-14.33 Y~25.03 
NUM=16 X=-14.33 Yz26.5 
NUM=17 X=-14.33 Y=28.13 

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

MATERIAL 
NAME=Matl TYPE=Concrete E=545.2E+3 W=0.15 

SECTION 
NAME=Sectionl TYPE=User-Defined MAT=Matl I=0.94 A=7.07 
NAME=Section2 TYPE=User-Defined MAT=Matl I=1.02 A=7.07 
NAME=Section3 TYPE=User-Defined MAT=Matl I=1.09 A=7.07 
NAME=Section4 TYPE=User-Defined MAT=Matl I=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 ROTCAP=86.73E-3 CLIMIT=2132 TLIMIT=-606.5 PU=2132 

HINGEPMODE=2 
DATA P=-606.5 M=l.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=l.E-9 

NAME=Hinge2 TYPE=Interaction-Hinge ROTCAP=74.5E-3 CLIMIT=2132 TLIMIT=-606.5 PU=2132 
HINGE_MODE=2 

DATA P=-606.5 M=l.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 

Page: 1 
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DATA P=355.8 M=751.9 
/-- 

( i 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=l.E-9 

NAME=Hinge3 TYPE=Interaction-Hinge ROTCAP=66.33E-3 CLIMIT=2132 TLIMIT=-606.5 PU=2132 
HINGE_MODE=2 

DATA P=-606.5 M=l.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=l.E-9 

MEMBER 
NUM=1 ELEM=Elementl INODE=14 JNODE=13 JHINGE=Hingel 
NUM=2 ELEM=Elementl INODE=13 JNODE=15 
NUM=3 ELEM=Elementl INODE=15 JNODE=16 IHINGE=Hingel 
NUM=4 ELEM=Element5 INODE=16 JNODE=17 
NUM=5 ELEM=Element5 INODE=9 JNODE=7 
NUM=6 ELEM=Element3 INODE=11 JNODE=12 JHINGE=Hinge3 
NUM=7 ELEM=Element3 INODE=12 JNODE=10 
NUM=8 ELEM=Element3 INODE=10 'JNODE=9 IHINGE=Hinge3 
NUM=9 ELEM=Element2 INODE=2 JNODE=l JHINGE=Hinge2 
NUM=10 ELEM=Element2 INODE=l JNODE=3 
NUM=11 ELEM=Element4 INODE=7 JNODE=8 
NUM=12 ELEM=Element2 INODE=3 JNODE=4 IHINGE=Hinge2 
NUM=15 ELEM=Element5 INODE=4 JNODE=5 
NUM=17 ELEM=Element4 INODE=5 JNODE=7 
NUM=18 ELEM=ElementB INODE=17 JNODE=5 
NUM=19 ELEM=Element4 INODE=6 JNODE=17 

LOAD 
NAME=Loadl TYPE=Dead Load 

MEMDATA NUM=11 -IY=-13. 86 JY=-13.86 K/GI 
MEMDATA NUM=17 IY=-13.86 JY=-13.86 
MEMDATA NUM=18 IY=-13.86 JY=-13.86 
MEMDATA NUM=19 IY=-13.86 JY=-13.86 

NAME=Load2 TYPE=Push-Load 
NODEDATA NUM=6 X=10 

COMBO 
NAME=Combol 

LOAD=Loadl SF=l 
LOAD=Load2 SF=1 

GRIDLINES 

PROJECT-PROPERTIES 
DESCRIPTION=LRFDseismic Example1 

END 
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CAPP Analysis Report 

- Loading Name: Combo1 
\ I 

Report Type: Push Over Analysis Summary 

Comments: LRFD Guide 2005 Seismic Examlpel Page - of - 

Model Details: 
Nmber of MembersINodes: 16 Members, 17 Nodes 

Overall Width: 38.26 ft 

Overall Height: 28.13 ft 

Loading Details: 
Non-Push Load Combo: l(Load 1) 

Push Load Case: Load2 

Nwn. Loads in Push Case: 1 in X Dir., 0 in Y Dir. 

P-Delta Effects Included: Yes 

Termination Details: 
Analysis Termination: Cap. Reached in Mem. 8 

Member Element Type: Element3 - Beam Column 

Termination Cause: --, Interact. Hinge - Hinge3 
Hinge3 : 66.33E-3 rad 

Last Hinge Moment: 767.6 kips-ft 

Mem. Drift at Termination: 0.191 1% 

Analysis Results: 
Critical Node (Node Shown): 6 

Number of Events: 7 
First X Yield Push Load: 7% kips 

Max X Push Load: 81.37 kips 

Last X Push Load: 46.87 kips 
X First Yield Displacement: 0.3421 ft 

7 

X Ultimate Displacement: 2.007 ft  4- 

Area Under Push-Disp Curve: 120.8 kips-ft 

Effective Yield Disp: 0.3539 ft 

Effective Yield Push Load: 8 1.75 kips 

Eff System Ductility: 5.67 

Eff Elastic Stiffness: 230.9 kipslft 

Eff Plastic Stiffness: 2 1.1 kipslft 

Bilinear Harding Slope: -9.141 % 

Over Strength Factor: 0.5734 

Total XPushLoad- kips 

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
Mode 6 XDisplacement - R - Push Load vs. Node 6 - Push Over Bilinearization 



CAPP Analysis Report 
./-, Loading Name: Combo1 
\ i Report Type: Push Over Analysis Summary 

Comments: LRFD Guide 2005 Seismic Example1 (wlo Hinge @ bottom) Page - of - 

Model Details: 
Nmber of MembersINodes: 16 Members, 17 Nodes 

Overall Width: 38.26 ft 

Overall Height: 28.13 ft 

Loading Details: 
Non-Push Load Combo: l(Load1) 

Push Load Case: Load2 

Num. Loads in Push Case: 1 in X Dir., 0 in Y Dir. 

P-Delta Effects Included: Yes 

Termination Details: 
Analysis Termination: Cap. Reached in Mem. 8 

Member Element Type: Element3 - Beam Column 
4- \ 1 Termination Cause: Interact. Hinge - Hinge3 

Hinge3 : 66.33E-3 rad 

Last Hinge Moment: 767.6 kips-ft 

Mem. Drift at Termination: 0.191 1% p07,5 : gC-3 U LT-5 ,+a Sf?O%C- 9 @?c4W3 SCiG?? 
e 

Analysis Results: 
Critical Node (Node Shown): 6 

Number of Events: 7 
First X Yield Push Load: @;$ 
Max X Push Load: 8 1.37 kips 

Last X Push Load: 46.87 kips 
X First Yield Displacement: * X Ultimate Displacement: 2.007 ft * 
Area Under Push-Disp Curve: 120.8 kips-ft 

Effective Yield Disp: 0.3539 ft  

Effective Yield Push Load: 8 1.75 kips 4- 

Eff System Ductility: 5.67 

/ Eff Elastic Stiffness: 230.9 kipslft 
. ---- Eff Plastic Stiffness: 21.1 kipslft 

Bilinear Harding Slope: -9.141 % 

Over Strength Factor: 0.5734 

Total X Push Load - kips 

-0.2 0 0  0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
Node 6 XDisplacement - R - Push Load vs. Node 6 - Push Over Eilinearization 
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Total superstruct Dead Load 

Column Information 

column dia. ft , , 
Conc. density CF ~l:= [:)(~'12)~ Ag = 1018 6 q  in 

ft 

WcDL = 84 kips 
1000 144 

Beam Length ft ft 

earn information assumed) BMa, := B,-Bh ft2 

P Beam DL BMDL := BMarea.BL.- 1000 BMDL = 65 kips 
DLsuper DL per column P := - IP-177 Kips /column 

Nc 

Uniform DL @ beam without BM DL DLsuper w := - 
R- 

Lw=13.86 kl f t  

si for beam 

Ecbeam := 
1000 IEcbeam = 545187 1 ksf 

ksi for column 

Eccol := 
(p1.~.33.4-) .144 ~ECCOI= 545187 1 k ~ f  

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, k - ft 

Effective Yield Curvature, $y 1 lft 

&'fl 5.4- 
Center col EIeff = 558195 k fiA2 
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6 i i 
1 i 
I - 

Calculate axial force due to overturning 
Nc.MP &:= 

(Nc - l)Column,pacing N = 95 kips 

Left column Pleft := -N + P Rt column Prt := N + P 

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

Left column kips Centercol kips Rt column IPrt=272) kips 

LeftEIeff 
k lftA2 LeftIcolcrack := 

Eccol ~ ~ e f t ~ c o l ~ ~ ~ , ~  = 0.94 1 ft4 

k lftA2 RtEZff RtIcolcrack := - I R ~ I C O ~ , ~ ~ , ~  = 1.09 1 ft4 
Eccol 

EIeff = 558195 k 1fP2 EIeff 

Calculate Plastic Hinge Length or use Xtract program option to compute Hinge length 

CentIcolc,ck := - 

ksi column long. bar diam. inch fye := fy . l . l  

Plastic Hinge Length, I, iD := max(~,l ,  lDdn) ft 

4 
Eccol 

CentIcolcr,ck = 1.02 

.. . , I - I 

Calculation of Ductility Capacity 

ft 

Calculate plastic shear Vp, Yield Deflections and Stiffness for each_column. 

Left column Center Column Right Column 
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Aykfi=5.4 inch AyCenter=5.5 inch AyRigbt = 5.6 inch 

Calculate Plastic Displacement for Each Column 3e-r 
Ultimate Curvature, 4, Effective Yield Curvature, 4, 
Left Column Center Column 

Displacement capacity, A 

Displacement Capacity A, = 25.49 

Period o f  the Bent in Transverse Direction: 

Use Substruct DL multiplier = 1 

Right Column 

Total Column DL WcDL = 84 kips Beam DL BMDL = 65.3 kips 

Dead load = DL superstruct + substrDL substrDL := (WCDL + 
Bent Dead Load WDL := DL,,,,, + substrDL WDL = 680 kips 
Total Stiffness: KT := K~ + K~ + K~ KT = 269 k Ift 

T1 = 1.8 sec 
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Use value for Sa @ T period from Response spectra development 

Displacement Demand - Capacity Ratio 

Ad := 12WDL.[2] Ad = 14.57 inch 

Establish Demand to Capacity Ratio, R = Ademand I Acapacity 

Rratiol := " O.K. " if R1 I 1 I " N.G. " otherwise 

Displacement duct~lity demand for each column, p = Ademand I Ay P 
Left column Center column Right column 

Max $= max(pL, PC, pR) Max p - 2.7 9- 
Target Displacement Ductility Demand, p 

New Design /SPr k .rq Retrofit 
Single Column Bent p<=6 Single Column Bent p<=6 

9 Multi Column Bent p<=8 Multi Column Bent $=8 
9 P 

Use maximum 

pRatio := " O.K. " if PL < pallowed A PR < p Mowed A PC < pallowed 
9 I 9 4 9 

" N.G. " otherwise 

Shear Demand to capacity ratio f l  8' 6 
1. calculate pfy 

Spiral bar information Try #4 @ 3" instead of #5 @ 3 pitch 

ksi sq. in in inch conc. cover 
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1 For SDC D or C 0.4% 
p, := 4.Abt. For SDC B 0.2% as per 8.6.6 

(D.12 - ~ . c ) . s  
p, = 0.0079 

psl := " O.K. " if psmin < p, I " N.G. " otherwise 

Shear reinf psl = O.K. 

2. Calculate VC (Inside the plastic Hinge zone) ,%w g 6 6 *  2- /dye Zc-q 
Ae := 0.8.Ag Ae = 814 sq in For SDC = D use 4 

SDC = C use 3 

f,. 1000 
a2 := 0.03.ps.- 

PP 
a2 = 5.313 PIeft=81.5 kips Ag=1018 sqin 

a1 := 

a l e  1 + Pleft- loo0 )].~~zGK] [ ( 2000aAg vcL = 219 psi 

0.010pS.f, if SDC = 3 

f,. 1000 
0.03 .ps.- otherwise 0.o15ps.f, if SDC = 2 For SDC = B use 2 

b 

al. 1 + P .  looO )] -4-1 vccent = 21 9 psi [ ( 2OOO.Ag 

a1 1 + ~ r t .  loo0 ll.4-l VCR = 219 psi [ (  2000.Ag 

If net axial load is less < O  then Vc = 0 

Ae otherwise 
VcLT = 178 kips 

Ve~ent = 178 kips 
Ae otherwise I vcCentIwo 
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Ae 
otherwise 

I ~ o t e  : Conserv. use Inside plastic Hinge zone Vc capacity for Outside plastic hinge zone I 8' 6 2 
PK& 8-/o 

056 $ 9 e 3'' 5PtR"rL - 
-a_.--..--- - 

3. Calculate V, for the transverse reinforcement ksi for spiral 

4 ~ c c o l .  1000 
Vsmax := 8 .Ae. 

1000 
Vsmax = 407 kips 

[ [(f)*Abt'fyh'(D'12-2'C) 
VS := min Vsmax, 

s Vs = 203 kips 

1 Conserv. ass~.~med concrete shear strength = 0 1  use multiplier, 

VnLT := ( .(vCLT .a1 + vS) VnLT = 173 kips VpLeft = 37 kips 

v n ~ e n t  := ( .(vCcent.@1 + vS) Vn~ent = 173 kips Vpcenter = 41 kips 
vnW := .(vcRT.@l + v,) VnRT = 173 kips VpRight = 44 kips 

Check DIC ratio = Vp I Vn 

Vp~eft LTRatio := - 
V ~ L T  

Vpcenter CentRatio := - 
Vncent 

Vp~ igh t  RTRatio := - 
V ~ R T  

LTRatio = 0.22 

CentRatio = 0.24 

RTRatio = 0.3 
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Shear Demand to Capacitv Ratio 

If shear DIC ratio < I then the frame displacement capacity is governed by flexural 
deformation. 
If shear DIC 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 1 C Ratio := " O.K. " if LTRatio < 1 A RTRatio < 1 A CentRatio < 1 I " N.G. " otherwise 
Shear D I C 

I If Shear D / C Ratio < 1 then O.K. otherwise Displacement Capacity shall be revised. I 
Check Displacement Ductility Demand pRatio 

Displacement Demand - Capacity Ratio 

- Y 

Establish Demand tocapacity Ratio, R = Ademand I Acapacity 

If pRatio <= pallowed then O.K. 
m 

Rratio2 := " O.K. " if R2 I I I " N.G. " otherwise 

otherwise N.G. gsa~b:$m~"s; 

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

- .# 9- " 
, . . fi xi  

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. 
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Run CAPP program for P-Delta effect case. Open project manager, click on (+) Load 
Cases, click on (+) Combol, 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 dis~lacement. 

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

X&,, := 79.0: kips xDlr; := 0.3421 Ft 

Xpushload kips Initial effect. stiffness. Keff := Keff = 19 - 
XDisp- 12 in 

Calculate an approximate Fundamental Period, Tf 

Tf := 0.32- - Tf = 1 9  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. 

Read from Acceleration Response Spectrum curve 
Calculate the Displacement Demand Dd 

WDL Dd := ARS.- Dd = 15.9 in 
Keff 

Displacement Capacity in from CAPP output "X Ultimate Displ." 
n 3 UU AFtatio := - 
Ault ARatio = 0.7 

Dd - Ratio3 := " O.K. " if ARatio < 1 
Ault I " N.G. " otherwise 

Dd If - Ratio3 C 1 then O.K. otherwise Displacement Capacity shall be revised. 
Ault 



CAPP Project Report 

i Report Type: Moment Diagram - Units: kips-ft 

Comments: 

311 512006 

Page - of - 
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Co. Pemiscot 
Beamlongreinf.xmcd 

Beam cap Design 

Width, in in 

ksi ksi 

Moment from CAPP ouput k - R  

f, Mcr := S , .  - 
12 Mcr = 861 k - f t  

6' - 
f ,,; 

f, = 0.641 ksi LRFD 5.4.2.6 

Long dir bar 

1.33. My = 1281 k - R  

Use Mydesign:= min(1.2~cr,  1 . 3 3 ~ ~ )  Mydesign = 1034 k  - ft Rebar Cover in 

Stirrups, Side cover in 

Lbar AsLbar := - 7[: . DbL AsLbar = 0.785 in 2 Long bar dia DbL := - 2 Long bar # 
8 4 
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2 As req'd per ft = AS, := RW,. B . dcL As, = 5.231 in 

As1 No. of long bar req'd, fiL := - NbL = 7 
ASLbar 

@ Top & Bottom in long dir. 

Sbar B - 2 . - - C 1 - C  
Barspacing, %,= 8 

UsedNbL - 1 
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Shrinkage and temperature reinf. 

Ag:= H . B  

Co. Pemiscot 
Beamlongreinf.xmcd 

LRFD 5.10.8.2 

Required As for shrinkage @ top & bottom in either dir Astop = 1.512 in 2 

ShrinkageReinf := " 0. K. " if Astop < Asl I " N. G. I' otherwise 
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Co. Pemiscot 
Beamlongreinf.xmcd 

Crack Control : 
$;.%;A'" J= Assume class 2 explosure 5Pj?? :$! 

Lbar 

LRFD 5.7.3.4 

k j:= 1 -- 
3 k - ft For service limit case 

G = 38.22 ksi 

Smax = 11.67 in Rebar spacing used, s = 5.39 in 

Barspace,& := " 0. K. " if S < S,, I " N. G. " otherwise 
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Beam Joint Design SDC C or D Article 8.13.2 

Col Diam. in 

Beam depth in fce := rnin(l.l.fc,5000) 

Beam cap width, n 3 fce=3.3x 10 psi 

Ajh := (Dc + Ds).Bf Aj, := L,,.Bf 

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

MPcolL 12 
TcL := 1.2. MPc0lc. 12 

0 .7 .D~ TcC := 1.2. 0.7.D~ 

<' 
1 '  T c c  

vjvC := - 
Ajv 

vjvL =376 psi vjvc = 412 psi 

QL = 27 psi GC = 59 psi 

Right Column 

lbs 

v j , ~  = 445 psi 

G R =  90 psi 



Br. No. Example1 (m) 
T:\br-proj\patels\LRFD Guide 2005 seis 
Ex1 \ 

6-' 

Principal Tenston @d p'=f0 

PtL = 354 psi 

Co. Pemiscot SP 
BeamColumnjoint.xmcd 

Ptc = 375 psi 

Principal Compression G ~ N  g ' q l  

; PcL = 397 psi 
% 

PtR = 394 psi 

PcR= 500 psi 

Pcc = 450 psi 

PC,, := 0.25.fce PC,, = 825 Eqn 8.38 

Pmax := 1 2 . a  Pm, = 689 Eqn 8.39 

PrincipalCompression := " O.K. " if PcL I PC,, A PcC I PC,,, A PcR -< Pcmax I " N.G. " otherwise 

PrincipalTension := " O.K. " if PtL I Pmax A PtC I Pmax A PtR < Pmax 1 I' N.G. " otherwise 

PrincipalCompression = " O.K. " PrincipalTension = " O.K. " 
I .  
t. - 
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Co. Pemiscot SF 
BeamColumnjoint.xmcd 

Note : 
If Principal Compression OR Principal Tension is Not "O.K." then Beam 
properties (thickness orland width) orland Column Diameter shall be increased. 

I Provide Min HOOD bars in the beam can for SDC C I 

Hoop bar information #k@ 3" 
sq. in in inch conc. cover for long steel 

psi:= "O.K." if psmin<ps I I' N.G. I' otherwise 

I Check Hoop bar or Add'l steel req't for SDC D 1 

PtL = 354 psi Ptc = 375 psi PtR = 394 psi 

pwalUe := 3.5& pWalue = 201 psi 

-= "O.K. so provide min Hoop bar from above " if PtL 2 Ptvalue A PtC I Pwalue A PtR 2 Pwalue I " N.G. " otherwise 

PrincipalTension = " N.G. " 

Note 

I If Principal Tension is N.G. then provide add'l reinf. in the beam cap for SDC D O N L ~  article 8.13.4.3 

Column long steel, := 10.21 in 2 

i ' 
ia i \ - ,  
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t t A ) Vertical Stirrups: 

Asjv := 0.2.Ast = 2.042 in2 Each side of column within a column diameter distance from 
center of column (112 column diameter from face of column) 

Check near center column 
Vertical stirrups for other load cases provided in this aiea 

Dc 1 inch 
Asprovided := 2.As.-.- A~~~~~~~~~ = 0.915 for other load 

2 St 

Additional Steel required. Asjv := %jv - A~~~~~~~~~ 

2 1 Asjv = 1.127' in in -Dc = 18 inch 
2 

Additional No. of bar in 112 Dc space single stirrups between other vertical stirrups 

Vertstirmpswithsingle := 1 "0. K. " if Asjv i Nbas 

1 " N. (3. I' otherwise J~ertstirmpswithsin~le = N. G. " ( 

I Note: Try Double stirrup only if "single stirrups" combination Vertstirmpswithsingle = "N.G." I 
!( 

Additional No. of bar in 112 Dc space Double stirrups between other vertical stirrups 

VertstirrupswithDouble := I "0. K. " if Asjv i NbDas Asjv = 1.127 

( " N. G.  " otherwise 
VertstirmpswithDouble = "0. K. " 

Check near exterior column 
Vertical stirrups for other load cases provided in this area # 5"@ 6 ( D B ~ )  

Additional Steel required. Asjvex := Asjv - AsprovidedEx 

Asjv = 1.127 
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Exl\ 

F -  4 ,j 
Additional No. of bar in 112 Dc 

Co. Pemiscot SP 
BeamColumnjoint.xmcd 

AddVertstinupsex := "Add'l steel not req'd " if Asjv 5 AsprovidedEx I "Add'l steel req'd " otherwise 

- - 

Near exterior column l ~ d d ~ e r t s t i r m p s ~ ~  = "Add'l steelnot req'd 'I ] 

Note : 
6 ) Horiz stirrups: 

Assumed Horiz stirrups Not req'd for this type of bridge 

C ) Horiz Side Reinf: 

Side reinf provided 4-#6 @ each face 

Sidereinf := "0. K. " if Aseachface < Asside Sidereinf = "0. K. " I " N. G. " otherwise 

D ) J - Dowels: If skew > 20 deg then provide add'l reinf as per eqn. tH3-2 $ ~5 1 
No J - Dowel Req'd 

E ) Transverse Reinforcement: 
Anchorage length of column ste inch 

ps = 0.0081 1 For Hoop bar from calc above 1 

Hoopbar := "0. K. " if pst I p, I "N. G." otherwise Hoopbar = "0. K. for Transverse Reinf. req't 

Note : 
If Hoop bar is "N. G." then hoop bar size orland spacing shall be revised in the above calc. 
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h', 
J i 
, 7 

Footing Joint Shear SDC C and D Article 6.4.5 

L 

psi . .  

in fce := min(l.1. fc, 5000) 

Beff := ~ . f i  fce = 3.3 x lo3 psi 

Ajh:= (D + Df) 2 

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

Ibs 

Tjv = net tensile force @ Footing or Pile cap 

lbs 

GL = 11 psi kc = 25 psi 

Principal Tension 

pa := 

2 + '~VR 
PtL = 0 psi Ptc = 0 psi 

PtR = 0 psi 

5s - 
2 + 'jvc 

- 
2 + ~ V L  ptc := ptR := GR 
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f---'! 
Y z 

Principal Compression 

Co. Pemiscot SP 
FootingColumnjoint.xmcd 

PcL = 11 psi PcC = 25 psi PcR= 39 psi 

PC,, := 0.25-fce PC,, = 825 Eqn 6.10 

ptmax := 1 2 . 6  Pmax = 689 Eqn 6.1 1 

PrincipalCompression := " O.K. " if PcL I Pcmax A PcC I Pcmx A PcR I PC,, I " N.G. " otherwise 

Principalcompression = " O.K. " 

PrincipalTension = " O.K. " 

PrincipalTension := 

Note : 

" O.K. " if PtL 5 12.&e A PtC I 1 2 . 6  A PR I 1 2 . 6  

" N.G. " otherwise 

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



Bridge 
Bent # 

#of columns = 
Column diameter (R.) = 

FU deptb (R.) = 
Number of piles* = 

Footing depth (A3 = 
FI length along Z axis (R.) = 
RwidthalongYmxis(R)= 

- 
(AASHTO 4.4) 

EXAMPLEI (&? ~mty Pemiscot 
2 

Column t 
- , 
3 Calculate FWS reduction factor 
3 roadway width(ft.) = 38.83333 
3 112 of adjacent spans (A,) = 60 
9 14" CIP FWS reduction (WcoL) = 27.18 
4 
13 OR Mini. Ftg length (A.)*** = 
1 3  OR Mi. Fcg width (ft)*** = WlSeismic 

WlSeismic 

Date: 08124106 

Footing volume (ftA3) = 676 Fmting weight (kips) = 101.40 
Add. columnHt. (A,)* = 0 Fill weight = 58.30 

Add. column weight = 0.00 
Max add. (fig+coltfil) = 159.70 

Min Add. (Rg+col-FWS) = 74.22 
Min eccentricity (R), e' = 0.14 

Max 56.72 Tdpi le  
Min -19.01 Tonlpile 

Group sect. mod., Sz = 30  
Group sect mod., Sy = 30 

30  
30 

Lenght to widht ratio = 1 .OO Note: Sz and Sy are group section modulus based on spadng ratio, and equal to sum 
of centroid dist. times # of piles divided by centroid dist. 

where Sz is about bridge diredion. 

ecap. LRg= 5 
1.25 s= 2.5 If Ratio of LRglFtg depth >2.5 tbenuse modification factm = 1.2 

Seismic Load comb 
where, 

e O is along f m h g  lenght 
e (z) is along fmting width 

Pmax = Axial + (Max. add) 1 bad fact01 
Pmin = Axial + (Min. add) I load factor 

for seismic analysis. 

- - 

Grnup 7 = 1.00 ( E d b  quake) Me=Pmax*eS 

56.72 SEISMIC MAXIMUE 56.72 23.98 40.35 40.35 
-1 9.01 SEISMIC MINIMUM 8.87 8.87 8.87 8.87 

Load Load 
Mp(o) Group Factor Axial M y  Mz Pmax Me 

Four possible load cases (Tons) 
Pmax(1) Pmax (2) Pmax (3) Pmax (4) 

TENSION 
I Four oossible load cases rronsb I PER 

M a x i m u m  Design Pile Load ( tondp i le )  = 56.72 
Tension ( tondp i le )  r -19.01 

Plle Dimension : 9 14" CIP 
Footing Dimension : 13.00' L X 13.00' W X 4.00' D 

Pmin M'e ( Pmin (1)' Pmin (2) Pmin (3) '  mi" (4) 1 PILE 
(TONS) 

~ m a x  (I) = Pmaxl# of Pile + ~ y l S y  + ~ d s z  
tension Pmax (2) = ~ m a x  /# of Pile t Me/min(Sz.Sy) 

Pmax (3) = P m d  of Pile t MdSy t MziSz 
Pmax (4) = P m d  of Pile + MyISy t MeJSz 

Pmin (I) = Pmin/# of Pile - MyISy - MllSz 
Pmin (2) = Pmin I# of Pile - Me!min(Sz,Sy) 
Pmin (3) = P'min/# of Pile - Me/Sy - MdSz 
Pmin (4) = P m i d  of Pile - My& - MeJSz 
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1 

\ --, - 
(AASHTO 4.4) 

~ " d g e  EXAMPLEI (flp conno. Perniscot Column # 
Bent # 2 

Dare: 08/24/06 

rt of columns = 3 Calculate FWS reduction facfor 
Column diameter (R) = 3 roadway width (ft) = 38.83333 

Filldepth(R)= 3 1R of adjacent spans (R.) = 60  
Number ol piles" = 9 14" CIP FWS reduction (k/eol.) = 27.1 8 

Footing depth (tt) = 4 
Ft length along Z axis (ft) = 13 OR Mini. Ftg length (A,)*** = 
Fl width along Y axis (A) = 13 OR Mini. Ftg width (PC.)*- = W/Selsmlc 

WISeismic 

Fooling volume (R."3) = 676 
Add. column Hi. (A,)* = 0 

Footing weight (kips) = 101.40 
Fill weight = 58.30 

Add. cobmn weight = 0.00 
Max add. (PCg+col+iiU) = 159.70 

Min Add. (Rg+col-FWS) = 74.22 
Min eccentricity (PC). e' = 0.14 

TordpiLe 
Tordpile 

Max 4035 
Min -5.19 

I Group sect mod., Sz = 3 0  
Gmup sect. mod., Sy = 30  

30  
1.25 <= 2.5 If Ratio of Lftg/Ftg depth >2.5 then use modifcation factor = 1.2 

-- 
3 0  

Lenght to widht ratio = 1.00 Note: Sz and Sy are  group section modulus based on spacing ratio, and equal to sum 
of centroid dist. times rt of piles divided by centroid dist. 

where Sz Is about blidae direction. 
Seismic LMd comb 

where, 
e (y) i~ along footing lenght 
e (z) iq along footing width 

Pmax = Axial + (Max. add) I load factor 
Pmin = Axial + (Min. add) 1 load factor 

TENSION 
Load Load 

Mp(o) Group Factor Axial My Mz Pmax Me 

SEISMlC 
0 Columl 1.0 

910 Column1 1.0 
0 calm 1.0 

829 ColumnZ 1.0 
0 Cold 1.0 

982 Column3 1.0 

Four possible load c a s e s  (Tons) 
Pmax(1) ~ m a x  (2) Pmax (3) Pmax (4) 

PER 
PILE Pmin M'e 

Axial Mp Mp(o) 
74.22 0.00 4.12 4.12 4.12 4.12 0 0 0 
251.22 0.00 -1.21 13.96 -1.21 13.96 -1.21 177 910 910 
74.22 0.00 4.12 4.12 4.12 4.12 0 0 0 

(TONS) 

Four possible load c a s e s  (Tons) 
Pmin (1) Pmin (2) Pmin (3) Pmin (4) 

for seismic analysis. 40.35 SEISMIC MAXIMUP 40.35 23.98 40.35 23.98 
-5.19 SElSMIC MINIMUM 8.87 8.87 8.87 8.87 

Pmin (1) = Pmiol# of Pile - MyISy - MzlSz 
Pmin (2) = Pmin I# of Pile -Mdmin(Sz,Sy) 
Pmin (3) = Pmin/# of Pile - MdSy - MzlSz 
Pmin (4) = Pminl# of Pile - MyISy - MeISz 

M a x i m u m  D e s i g n  P i l e  L o a d  ( tonslpi le)  ;. 40.35 
T e n s i o n  ( tonslpi ie)  = -5.19 

Plis Dimension : 9 14" CIP 
Fooffng Dimension : 13.00' L x 13.00' W x 4.00' D 

~ m a x  (1) = hax /#of  Pile + MYISY + M ~ S Z  
tension Pmar (2) = Pmax I# of Pile + ~dmin(Sz,Sy) 

Pmax (3) = P m d  of Pile + M a y  + Mfiz 
Pmax (4) = P m d  of Pile + MylSy + MelSz 



- 
Bridge EXAMPLEI Pemiscol Column # 
Bent# 2 

# ofcolumas = 3 Calculate FWS redudion iactoc 
Column diameter (ft.) = 3 roadway width (R) ;. 38.83333 

Fill depth (ft.) = 3 1R of adjmnt spans (ft.) = 60 
Number ol piles.. c 9 14" CIP FWS reduction (Wcol) = 27.1 8 

Footing defl (ti.) = 4 
Pt length along Z axis (!I) = 1 3  OR Mini. Ftg length (A,)*** = 
Ft width along Y axis (rt) = 1 3  OR Mini. Rg width (A,)** = WlSeismic 

WlSeismic 

Group sect. mod.. Sz = 
Gmup sect. mod.. Sy = IhAStI'r0 LRFD Tabk 3.4.1-1 (1 

Footing volume (ft."3) = 676 Footing weight (kips) = 101.40 
Add. column Ht. (ti.)* = 0 Fill weight = 58.30 

Add. column weight = 0.00 
Max add. (fig+col+fill) = 159.70 

Min Add. (rtg+col-FWS) = 74.22 
Min eccenuicity(ft), e' = 0.14 

Max 48.53 Tonlph 
Min -12.10 Todpile 

11 Recommended LRFD Guidelines section 6d.2 & 8.5 for seismic design 1 
16" Used 14"CIP I s * ~ ~ ~ t .  From face of column to edge Of pile Lftg = 5 

30 Ratio of LftgJFtgdepth = 1.25 <= 2.5 If Ratio of LftglFtg depth >2.5 then use mali6cationfactor = 1 2  
Lenght to widht ratio = 1.00 Note: Sz and Sy are gmup section modulus based on spacing ratio, and equal to sum Factor 1 

d centroid dist. times # of piles divided by centroid dist. Mp(o) = Mp * Factor 
where Sz is about blidae direction. 

Seismic Load comb 
where, 

e (y) h along footlng lenght 
e (2) is alon~ fwtiOe width . .  - - 

Group 7 = 1.00 (Earth qnake) 

Load Load 
Mp(o) G r w p  Factor Axial My Mz Pmax 

far seismic analysis. 48.53 SElSMIC 
-12.10 SEISMIC 

Pmax = Axial + (Max. add) I load factor 
Pmin = Axial + (Mm. add) 1 load factor 
Me=Rnax*e' 

Me 

TENSION 
Four pmsible load cases  (Tons) 

Pmin (1) Pmin (2) Pmin (3) Pmin (4) 
(TONS) 

Four pmsible load cases (Tons) 
Pvax(1) ~ m a x  (2) Pmax (3) Pmax (4) 

Maximum Design Pile Load (tonslpile) = 48.53 
Tension (tons/pile) = -12.10 

Hie Dimension : 9 14" CIP 
FodngDhnension: 13.60' L X 13.00' W ~4 .00 '  D 

~ a l  MP(o) 
7422 0.00 4.12 4.12 4.12 4.12 0 
251.22 0.00 -8.79 13.96 -1.21 6.37 -8.79 177 910 910 

Pmax (I) I Pmax/# of Pile + MyBy + MzJSz 
tension Pmax (2) = Pmax /# of Pile + Me/min(Sz,Sy) 

Pmax (3) =Max/# of Pile + MeISy + MzJSz 
Pmax (4) = Pmaxl# of Pile + MyBy + MdSz 

Pmin (I) =Pmin/# of Pile - MyISy - M S z  
Pmin (2) = Pmin I# of Pile - Mdmin(Sz,Sy) 
h n i n ( 3 ) = P ~ o f P i k - M d S y - M d S z  
Pmin (4) = W # o f  Hle - MyBy - Me62 



- 
Bridge EXAMPLE1 Pemiscot 
Bent# 2 

Column # 

# ofcolumna = 3 Calculate FWS reduction factor 
Column diameter (ft.) = 3 madway width (ft.) = 38.83333 

Ffl depth (A,) = 3 I n  of adjacent spam (ft.) = 60 
Number d piles'.= 9 14" CIP FWS reduction Wcol.) = 27.18 

Fmting depth (ft.) = 4 
Ft length along Z axis (k) = 13 OR Mini. Ftg length (A,)*** = 
Ft width along Y axis (ft) = 13 OR Mini. Flg width (ft)*** = WlSeismlc 

WlSeismic 

Footing volume (ft."3) = 676 Footing weight (kips) = 101.40 
Add. column Ht. (A,)* = 0 Fill weight = 58.30 

Add. column weight = 0.00 
Max add. (ftg+col+IiIl) = 159.70 

Min Add. (Ag+col-FWS) = 74.22 
Min eccenaiciiy (A). e' = 0.14 

Max 46.90 ~on/pilc 
Min -10.72 Tdpile  

Dare: 08124106 

Group sect. mod., Sz = 30 
1 Group sea. mod., Sy = 30 

Plie size allowed 16" Used 14" CIP 
30 Cant'r dist. From face of column to edge of pile cap, Lftg = 5 

1 30 Ratio of I.Agmg depth = 1.25 <= 2.5 If Ratio of LRglFtg 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 spaclng ratio, and equal to sum Factor 1 

Seismic Load comb 

Lcad Load 
Mp(o) Group Factor Axial My 

SEISMIC 
0 Column1 1.0 0 0 

910 columnl 1.0 in 837 
0 Column2 1.0 0 0 

829 CohrmoZ 1.0 81 580.3 

forseismic analysis. 

of centroid dist. times# of piles dlvlded by centroid din. 
where Sz is about bridge direction. 

where, 
e (y) is along footing lenght 
e (z) is along f o h g  width 

Pmax =Axial + (Max. add) I load fador 
Pmin = Axial + (Min. add) 1 load factor 
Me = Pmax * e' 

46.90 SEISMIC MAXIMUE 46.90 23.98 35.44 35.44 
-10.72 SEISMIC MINIMUM 8.87 8.87 8.87 8.87 

Mz Pmax Me 
Four possible load cases (Tons) 

Pmax(1) Pmax (2) Pmax (3) Pmax (4) 

TENSION 
Four possible load cases (Tons) PER 

Pmin (1) Pmin (2) Pmin (3) Pmin (4) PlLE 
(TONS) 

Maximum Design Pile Load (tonsipile) = 46.90 
Tension (tonstpile) = -1 0.72 

Plie Dlmenslon : 9 14" CIP 
Fwtlng Dimension : 13.00' L X 13.00' W X 4.00' D 

Axial Mp Mp(o) 
74.22 0.00 4.12 4.12 4.12 4.12 0 0 0 
251.22 0.00 -7.28 13.96 3.34 3.34 -7.28 177 910 910 
74.22 0.00 4.12 4.12 4.12 4.12 0 0 0 
155.22 0.00 -10.72 8.62 -1.05 -1.05 -10.72 81 829 829 
74.22 0.00 4.12 4.12 4.12 4.12 0 0 0 
346.22 0.00 -3.68 19.23 7.78 7.78 -3.68 272 982 982 

Pmax (I) = Pmad#of Pile + MylSy + M&z 
tension ~ m a x  (2) = ~ m a x  /# of Pile + Melmin(Sz,Sy) 

Pmax (3) = Pmaxt# of Pile + M a y  + MzISz 
Pmax (4) = h a d #  of Pile + MyISy + MeBz 

Pmin (1) =Pmin/# of Pile - MyEy - M&z 
Pmin (2) = Pmin /# of Pile - Me/min(S~Sy) 
Pmio (3) = Pmin/# of H e  - MeBy - MdSz 
Pmin (4) = Pminl# of Pile - MyEy - MeiSz 
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,< -' 
d I Pile cap Design - 

Seismic Load, kip - 
pile 

Col dia, 

Footing size: 

Width in trans dir., ft Length in long dir., R Footing ht., in 

No. of pile Pile located from 
along y axis face of col No. of pile Pile located from 

along z axis face of col 
ft ft 

a > ,  r b  

:33  ksi ksi 
1 k - R  My:= -(NL~ L1 + NL2. ~ 2 )  . P My = 97.3 - 
B ft 

1 k - ft 
M , : = - ( N ~ ~ . B ~ + N ~ ~ . B ~ ) - P  Mz=97.3  - Use 1ft width in 

L ft 

fr Mcr := Sc - - k - f t  
12 Mcr = 159.63 - 

R 

f, = 0.416 ksi LRFD 5.4.2.6 

k - f t  1.2Mcr=191.55 - 
ft 

Long dir bar 

1.33 . My = 129.46 k - ft - 
ft 

ft Use Mydesign:= rnin(1.2~cr, 1 . 3 3 ~ ~ )  Mydesign = 129.46 k - - Cover In 
R 

Long bar # Lbar n: Long bar dia DbL := - 2 AsLbar := - . DbL AsLbar = 0.60 1 in 2 
8 4 
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12 
RuY := Mydesign ' Ru,, = 0.076 

4 b . dcL 2 

2 As req'd per f t  = AS, := R W ~ .  b . dcL AS, = 0.671 - in 
ft 

2#6 Hair pin bar area, 

Tot As req'd in long dir, AsL :=  AS^. B - AsEb AsL = 7.837 in 2 

ASL No. of long bar req'd, I%, := - NbL= 13 
As~bar 

use 14;kY in long dir with Hair pin bar --- _--- 
Trans. dir bar 

k-ft 
Use M&sip := rnin(1.2~cr, 1 . 3 3 ~ J  Mzdesign = 129.46 - 

ft 

Tbar trans bar # trans bar dia DbT := - n 2 := 7 . DbT A*bsr = 0.601 in 2 
8 

Rw, := 0.85 Fc . [ 1 -  ( 1 - 2 -  0zc)0'3 
FY Rw, = 0.0013 

2 in As req'd per f t  = A% := RW,. b . dcT  AS^ = 0.685 - 
ft 

Tot As req'd in long dir, A* := A%. L - AsEb 2 AsT = 8.021 in 
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AST No. of long bar req'd, I % ~  := - NbT = 13 
As~bar  

,~~t?&kd? in Trans dir with Hair pin bar A 
Long dir 

Trans dir 

a~ = 1.402 in 
aT = 1.402 in 

dcL = 43.563 in 
d q  = 42.688 in 

my:= 4 .  AsLbt. = a (dcL- :) 
12.1  " Mr, := 4 . AsTtot. - - i - : L 1 2 . 1  

i I k - R  Mr, = 138 - 
R k - f i  Mr, = 135 - 

I fi 
LongReinforcement := " 0. K. " if Mydesign < Mry 

TransReinforcement := " 0. K. " if Mydesign < Mr, " N. G. " otherwise I " N. G. " otherwise 
LongReinforcement = " 0. K. " 

TransReinforcement = " 0. K. " 

Check One-way Action 

Critical shear location @ dv 

dc := min(dcL, d q )  a := max(aL, aT) 

Fc 
Vrl := 4 0.25 . - (B 12) . dv 

1 

LRFD 5.8.3.3 

dv = 41.986 in 

Vrl = 4421' kip p := 2 
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Vr2 = 645 kip 

Vr = 645 kip 

Critical shear location De dv - + - = 4.83 ft from cent of column 
2 12 

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

Shear load A:= N ~ ~ ~ ~ .  P v = 342 kip 

Onewayshear:= " 0. K. " if V < Vr I " N. G. " otherwise 

Onewayshear = " 0. K. " 

Check Two-way action 

dv Critical section width, CS := - + De 
12 

\ ,,' 
bo := 4 - Cs . 12 bo = 296 inch 

Vn = 2708 kip 

VR:= 4 .  Vn VR= 2437 kip 

No of pile outside critical area, 

Vpunch := Npileout ' vpwch = 912 kip 

Twowayshear:= " 0. K. " if Vpunch < VR I " N. G. " otherwise 

Twowayshear = " 0. K. " 
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Shrinkage and temperature reinf. 
Ag := H. b 

Co. Pemiscot 
Pilefootl000.xmcd 

LRFD 5.10.8.2 

in 2 
Required As for shrinkage @ top & bottom in either dir A%~,  = 0.432 - 

ft 

in 2 
As required by design in either dir, AS := m i n ( ~ s , 7 ~ % )  = 0.671 - 

fi 

ShrinkageReinf := " 0. K. " if Astop < As 1 " N. G. " otherwise 
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SECTION A-A 

ii, - 
N - 

L 1 3 5 "  ~ o o k s  ( ~ u s t  lap 
around one ve r t i ca l  bar1 

D E T A I L  OF SEISMIC  
STIRRUP BAR 

WELDED OR SEAMLESS STEEL P I P E  
CAST-IN-PLACE P I L E  

Missouri E x a m p l e  1 

A 

D E T A I L S  OF CAST-IN-PLACE P I L E  

C . 1  

r 

Stagger 13S0 hook locat ions f o r  W-P bar. 

I 

w 

7 

Ln 

u ( E q u a l l y  Spaced) 

I I 
I I 
. I 

I 
I  1, 
I  

Bottom o f  
beam cap or  
f oo t i ng  
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I 
I 

I  
I  
l  

) 
I  
l 
I  
I  
1 

, 
a 

I 

I 
_I 
I 
I 
I 

- 
D 
0 

. - o  a 
vl I 

7: 
"if-- 

: A  
V 

I/ 

It i 
A ' N  - 
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I 
-Symn. about E Bent 
I 

NOTE : 

ikLapplng of sp l ra l  re lnf .  (P-bar) not allowed I n  t h i s  area. 

Re ln fac lng  steel shal l  be A706 l f y  = 6 0  ks l ) .  
14'0 CIP p i l e s  not sham fa c la r l t y .  

.xg -U-bar I n  the footlng not shown fa c la r l t y .  
F a  plan of footlng. see next sheet. 80 diameter lap 

*Spaced as show I n  the footing plan. 

Vertical colunn 
reinforcing bar @)j 5L! 

DETAILS OF 135. 
SEISMIC SPIRAL 

TIE HOOK 

Missouri Exanple 1 

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

13'-01' J 
9 - 14" CIP Pile 
SECTION A-A 

NOTE: Splral P-bar not shorm fa c la r l t y .  
Mechanical couplers not show fa c la r l t y .  

** I f  2" mln. clearance do not m e t  then 
a t  the contracts's option. the hooks of 
V-Bars enbedded In beam cap m y  be 

a len ted  Inward. 

p - P 2 0  (Butt - welded) 

k #8-V bar (typ. 

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

DETAILS OF INTERMEDIATE BENT NO. 2 & 3 

SECTION B - B  
NOTE: Dowel bar not shown for clarity. 

SECTION C-C 

Y-P21  splral 
bar Q 3" pitch 

SECTION D-D 

NOTE : 
5 0 0  - Y r  t o  1000 - Y r  
de ta i l  changes 
shown wi th  the 
"BLUE " co l or. 





m n o  
0 -  LL 

N \ 

I Bottom o f  
beam cap or 
foo t ing  

- ! ! 

'I4 

. * a  
P OIL 

L 

I 11 14"  O.D. welded or  seamless s tee l  

3 /4"  Closure P l a t e  
AASHTO M183 Grade 36 

WELDED OR SEAMLESS STEEL P I P E  
CAST-IN-PLACE P I L E  

SECTION A-A 

L 135' Hooks (Must lap 
around one v e r t i c a l  b a r )  

DETAIL  OF SEISMIC 
STIRRUP BAR 

Stagger 13S0 hook locations f o r  w-P bar .  

r #4-PI2 ( B u t t  - w e l d e d )  

0 #5-V  ba r  

D E T A l L  OF #4-PI2 
I S M I C  STIRRUP ( HOOP 1 BAR 

NOTE : 
5 0 0  - Y r  t o  1 0 0 0  - Y r  
d e t a i l  c h a n g e s  
s h o w n  w i  t h  t h e  
"BLLIE" co l or. 

Missouri E x a m p l e  1 D E T A I L S  OF CAST-IN-PLACE P I L E  1 0 0 0  - YR EQ 


