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Gobal X-X and Z-Z Axes

(Local Y-Y and Z-Z Axes)
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ARS '=( Rp){ARS)
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Ry + 0.5 (2.1)

damping ratio (0.05 =¢c=0.1)

ARS = 5% damped ARS curve

ARS = modified ARS curve
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Equation 3,11 results in the form preseated m other Calirans documents.,

. o
Shear Modulus 5 =—2* (3.12)
T (1)
Poisson’s Ratio ve =102
Jl Y f
Expected concrete compressive strength the greater of o=+ or {3.13)

000 (psi) 34.% (MPa)

Unconfined concrete compressive sirain £, =0.002
at the maximum compressive stress

[lhimate unconfined compression {spalling ) strain £ = 0005
Confined compressive siram g ="
Iltimate compression stramn for confined concrele B =F

. Defined by the constitutive stress strain model for confined concrele, sce Figure 3.6
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[ Factor 1 % Factor 2 1/_{: = 4.‘}]":' (psi)

v, =4 (3.18)
| Factor 1 % Factor 2 .‘}_ . =03 .‘/ (MPa)

Outside the plastic hinge zone

(3% Factor 2 x 1/ <A f! (psi)
v, =1 (3.19)
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5 o
Factor1={ (3.20)
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Where:
4p Is the displacement generated from the global analysis, the stand-alone analysis, or the
larger of the two if both types of analyses are necessary.
A The frame displacement when any plastic hinge reaches its ultimate capacity, see

Figure 4.1
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Where A.= The relative lateral offsct between the point of contra-flexure and the base of the plastc
hinge. For Type [ pile shafts 4 =4, — 4,

A, = The pile shaft displacement at the point of maximum moment
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MR =" M+ My, + My, (4.5)
MWD =% Mg+ My, + M, (4.6)

M = MG+ My + MY (4.7)
ME+ ME+ M2 (V2 x D, )=0 (4.8)
Where:

'le’z."m'f' = Expected nominal moment capacity of the adjacent left or right superstructure span

M =

al

M, =

pls

v col —

T eg

R

aq

Dead load plus added dead load moment (unfactored )

Secondary effective prestress moment (after losses have occurred)

The column moment when coupled with any existing dead load and/or secondary prestress
moment will equal the column’s overstrength moment capacity

The portion of .'la‘:,:'l and I'If"f x D (moment induced by the overstrength shear) distributed to

the left or right adjacent supersiruciure span
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M = Moment capacity of the section at first vield of the reinforcing steel.



o
w
Q

~ 0.80

~

-

E: s — Ag/A = 04
E 0.80 AglA, = 03

A 5 b

@

E 0.50 ./'f ASI"'AE = .02
S TR Ag/Ag = 0
E

5]

bt
)
o

000 0.05 0.10 0.15 020 025 030 035

AXIAL LOAD RATIO P/ A,

a) Circular Sections

» 0.80
e 8
2
E- 0.70 AMMS = (4
2 0.60 I Ag/Ag = 03
2]

= .[)
E — ASI"A_I._.': = 0l
B "
&)
£ 0.30
g 0.20

0.00 005 0.10 0.15 020 025 030 035
AXIAL LOAD RATIO P A,

b) Rectangular Sections

a.)),"cf)a’c:l‘u‘)fgéhio/}ow’%yry—dﬁ



b9 5 b ol slaoslw sl Ler —Y-1-5-0
Lacl it 5 S5 il 9 S5 drwy & ol slaojle sla,w ;3 L
| sl
50 Zal ez JoB Iy palys V0. 9 +O. G (S (P95 5 @blie 1y Lesr
ablis saias OLis (YU )0 9 S Kl (G 138 5Yd b ahie saias OLis Gwl
¥ (5135 3Y95
A6 o9z 5 635 Sl Jies Cuz 9 Sl (555 0 00l Gy SVgE Jore
S5 53 5l 8390 iz Sl Julows 313 04w i slacl s 5 S5
ol Gzl gbige Jolo K i Sl 53 &5 it Sl 5,5
b gblie b (i odd i slays sly S Jlals ma (ol al
D9 o0 dgidey

o Hlw &'9)' )g.l.w Sl» Legr -Y-1-5-0
JB 5, 9 b oyl &|93| rlw sl (<o bod sl i sl 0 Ig U Jals
L sl o Llgie L\."v|—)§~| Jakos U»l.wl » Lt Y] Sl s3lawl
AL cawlio 030 iy sliael g oS (5,135 5Yg3

Ay ham Oles -¥-F-0
2 3l 45 Jgero 3,105l slels ol 83le (sl (sems Olos 55 Lials

g p ¥ 2y 4215 53l Ao 515 slizwl g il V-

Sl Olgl Grals” BB S5 Gl Sl e i slas] o (it
sl Glals Y-0 dbsles golwl 5 b Wgiw sl

Jog=02xJ, (5.2)

eff

slosy) pé sl sl pae Fge Olasin -¥-0



SIS ghie Slasie 1 eolizul b 45 Jsb Shals 5 L 5l Juol> slajly
bl Ogiw (heglie Cud b g 051l 0 ST ULUS Cawl (e 9 o0 dawlne
Ligiw g Bibe Olow ulul 1 bl dgb LalS 9 Les slag s (>l s

D9 dgmalome 0,195



& S 5des 9 554505 ) -
e T [
st sodld g susej )  -V\-\-F
Slp L MTD \-Y0 .l aws 1) ) Sledbl b KusSgis utige

e (2 Sl Il 3,90 sl 831 390 b Ol

S0y @
JuuS 5l alols ©
a3l o8, o
S K ol @S1a> O
S Judg s gs8 O
Sl Jaslsy @
—98 Olasin ot sl S W 3,0 sl b o G @
(P9 D90 13) &2 810 O i

ARS slpme -Y-\-%
25 e 3 (S g 3,5 salys )ﬁ.’bT b oL SWST 93§ (S
(e 30,3 0 L 3,l55Lwl SDC ARS v S o3ls salgs slgiiay 1)
WS o329 ARS gia b g 0ai Mol SDC ARS gmin O
dogouds 53l o2 G OLL 55 b sl ) (>lib sl basags oo ,5T
23,5

ARS 3l 55tul sl gimia —\-Y-\-F
S SS9 ke Slhdmogi Sl Sl S gl (b sl e
s i 3l Kiw Ol ,iSTa> ol e 4 SDC ARS 5l gioeio
SDC  5,lubul sl g .ol 03lizwl B us DS 1445 Jlo
SDC ARS 3,15kl (slesinio ;ST .4tk dososds B Cansgy 55 ARS



0l b slely sl Al 35S 515 3litul 3590 adsl G>1b Jsb 5

aigd ol 15 S pguay JuS S35 sleds 9 35 ool

JuS 35 (eghs  10) hlbo Vo abol )5 slaoslw adsl (>1,b iy

Uialdl 525 Soge 4 1L SDC ARS pxie (595 1 hab Ol (Jled

sl

s o33 4 ¢85l 5508 9l Ol sl shab SLb s8] @

Sl 1o, Ve aul 4l +,0 51 530 gl Olej sl b Sl @
b

L0903 U9 b RL Al U <0 G 9l Ol sl b DLl @
33,5 S b

WS> s » 48l 1,0 51 536 ol 0l b (plasile adsl (b sl

20l Gial38l ©oge g 1L 3Ll ARS povie (595 29lie Gaes

Cannd 033 45l ¢ 0 5l 5SasS 9l Ol sl (hub Sl Slalsdl o

Dl38l auo,0 Yo aul asl 1,0 51 53L ol Ol sl hub Slil @
b

Uo9s b b 4l V0 U a0 g o9l Ol sl b Sl e

33,5 uas (b5 b0gs

oS5l 039 ARS (slguionia ~Y-Y-\—§
b ol p3Y olSlw 0329 ARS (i LT 45 3,5 salss e GEE
ol 3 G 45 By Jgare & yguas olKisl 0319 gly Cisb 4
9 4,5 )15 O [Sle) CublB b p S 69) b s pin JuS S
bl S8 3590 sl £,0 51 55555 Al3l) Gwes 6 S SB35



e b Jiob sledy Isb o Slgie S Judg 9 S S >
3590 03 (e Weo) Ogd Vovw Sl iy Job b sledy 2590 55 b0
2 S dilise slekdyn Sl gy oNed mi &S > Jleiol 5IUT

9k & y9due GEE b o Jy Job

2 D 5es -Y-%
& Sdee -V-Y-F
losd SIS Jilie 5o 45T bl osds (b las 1L Ll o @
A8 Fuwly b Ols MTD Yoo\ )5 a5 azsl 3yl
2l 03 Caglin sl OF 6Blaz Glizl 5 plas a5 Ly byl @
Aol o5l 5 S5 (ol ad b ulul 2 5L MCE 4305 slasls
S ganaidb  -Y-Y-%
Slosy) IS L 5 slaosle sli=! ol e a5 o BBl 5 025,104 S
Al SE Ful doges abbin o Feolisd Fwly 04iS aead (53909
olol 2 1 o Ewly sl (rlply 350 o IS Eul 9o 2 6ok
S Olgie 4 Nlgie SB eules gandib ol SBLbl S Cuis
(A) B) (C) ¥-Y-5 x5 )5 a5 axl Gl huwgio b iprd ccmnlio

Dg (53 ddub (0 A Cn

cilin S5 -\-Y-Y-§
Jol> slag 6 b ablio sl sl 0ad blows cawlio S5 buwgs 45 (o
Sl e S 4 g0 0 ] camlin sl A3)) 5555 )l
ool 5 83l Jae G 51 aalizul b aiilgiee cawlio S5 55 b o - AbL
WS slalyl) pla 4 b (g 455 ol Gl 45 odd sdaliv Ol
2 ,8bee LGl sdias Olis &S cwlin Slasiv .Lgd Judxi 9 (21

Dl A )le Jbb oo (o wlie



N=Y. 5,lasbwl 3585 Sioleyl @

N=Y¥. (Hub a>) 3,16kl 3985 GiolesT ®
Su> 10« .« pstonis Lasa) b p Cuoglin ©
Vs> g.. ft/sec oy goo e ©

o8k SS9,y Jawily

s Sl -Y-Y-Y-§
N<V+ of 5 a5kl 39i5 4" 39 o0 (sIudib i 5 (pd biges Cird S
33,5 o0 )l alasl ik Jy Olgie 4y Jy s b sl iprd S5 2529 Akl
9 S LS )xl eans wlel 5 aS Cuwl 039 3 0339 b sla)lae i)l 1
SLad ol 39 Olgie 839, lme 53 b 45 SST usilo .0y o0 (SSI) o)L
2t Spddlbal 8y (Seals Cundd (pue) (Sl Slmlx Sl L S
3w sl S 55 1y (o 3,50ee 5JUT a5 JSlus 8 . ablion 05l S Gwly
S35 80 Ol ki, @56 9 (Sl @259 o cnnd SLUSS 5o 5l

)0 Jy IS el s 2 Bl

busgio S5 —Y_Y_Y_§
Olgic 4 iy dib (Jil6 z9uby 43 45 S9d 00 GHBI (S 4 sladl> S
S » @ly sl Gl Jos phe) S s S35 sl ST
Olgie 4 (S ST .08 alss plxil 69, 4 059n e 4 slasl>
ot clin £95 oo b b (o gwign 9 J3 uites 9 S0 db slashl>
e b5l 5,90 ).QJL:T sl lao g 03l Hawxis |) SSI Ao b ozl

gl e (2 3 Usine (SKaaliy> granly 5,5

o =hb Jles  —FoY-$
& Caeglie —1-¥-Y_§



o3l Cwglie Cud b Koy Jaio plpm 53 Cuoglin sl b bd (o 4o
Ui b b e \-Y-F Gl 5o M gl (b 500k lgs b Ogi aBl
=lob 00 i slagluialy sl ) V-V s oad iy Ve Sy

& Spd Bl -Y-Y-Y-%
S Sluds 4 Jy ST g JWESl 590 (G b Cud b g LS Julos



.ffl:" = The smaller effective bent or column stitthess

k¢ = The larger effective bent or column stiffness
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Equivalent Static Positive Vertical Load = (0.25 x DL)
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Equivalent Positive Vertical Moment
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Equivalent Static Negative Vertical Load = (0.25 x DL)
Equivalent Negative Vertical Moment
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A = Minimum seat width normal to the centerline of bearing
A . = Displacement attributed to pre-stress shortening
A,., = Displacement attributed to creep and shrinkage
Ay = Displacement attributed to thermal expansion and contraction
A, = Relative earthquake displacement demand
2 \2
I 2 -
Auq (An ] + (ﬂ‘ n ] (7.6)
A} = The larger earthquake displacement demand for each frame calculated by the global or stand-

alone analysis
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Principal compression:  p, <025 f] (7.8)
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Principal tension: P <12x 1’_;;.’ (psi) P <1.0x% .J fi (MPa) (7.9)
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S+l W Su=FY
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i Ap
-'J,.l'\' = '!m.' * Hc‘a,'; f-u'r l *I-]‘Iz
S -
S, =— (7.15)
A g
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B oap % Dy
Where:
Ag, = The effective horizontal joint area
Ap = The effective vertical jomnt area
By = Bentcap width
D. = Cross—sectional dimension of column in the direction of bending
D = Depth of superstructure at the bent cap
ac = Length of column reinforcement embedded into the bent cap
P, = The column axial force including the effects of overturning
Py = The beam axial force at the center of the joint including prestressing
T, = The column tensile force defined as A /i, where /i is the distance from c.g. of tensile force

to ¢.g. of compressive force on the section, or alternatively 7, may be obtained from the

moment-curvature analysis of the cross section,
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Bent Cap Details, Section at Column for Bridges with 0 to 20-Degree Skew.
Detail Applies to Sections Within 2 x Diameter ol Column, Centered About CL of Column).
Detail Applies to T-Beam and Box Girder Bridges Where Deck Reinforcement is Placed Parallel wo Cap).
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Bent Cap Elevation.
Horizontal Cross Tie and J-bar Placing Pattern.
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Bent Cap Details, Section at Column for Bridges with Skew Larger than 20 Degrees.
Detail Applies to Sections Within 2 x Diameter of Column, Centered About CL of Column).
Detail Applies o T-Beam and Box Girder Bridges Where Deck Reinforcement is Placed Normal or Radial wo
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