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Capacity Detailing of Members to Ensure Elastic Behavior
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ABSTRACT
The objective of this task is to develop seismic design and capacity detailing recommendations for all portions
of bridge piers that do not participate as primary energy dissipation elements. Particular emphasis is given to the
design requirements of cap beams and their connections of multi-column bridge pier bents. By prestressing the
joints, it is possible to ensure the joints remain elastic. Prestress enhances the bond and anchorage of the

longitudinal column bars and also minimizes or avoids diagonal shear cracking in the joints.

1. A&

AT23YE 2% 379 RIIF ARF dddEs WALFLAY (capacity design
procedure)°] THE TFEEAA g Zo] FAHor AMAH YA &7 WEA Az "y
AT HAAFL 4¥L FAY 44 Zl%lq].ﬂf?}{-ff-’é}q] ek Bao 9t gt QX o] ¢
o PR Gl MYA e WRAHA HA @ FREAA Bl o}u)el (Mander, etal, 1996ab),
19893 Loma Prieta (San Francisco) A F oA R =950} (Seible and Priestley, 1990) Oakland
Cypress Viaduct & W4 HAAG FREA ZA Bolg A¢RE drdoz QAFH By 7)
T A% BAYT UF R AHAY 942 BHEln YA @ AAZ A F2EY B
7Vs ARl g WAGFHEA Wdo] Paulay and Priestley (1992)0] oJ3te] AAHYA W, o] =
B.71F AEgFol 2Eo] AT T ugdd Aol g Holx, BIE PR B.F A
59 v AFel dstde T2 AYAT LS A FIAMNA BHTE AL 15X A
ke vlolth. 2y ASEFYE B F AREI F2 @A e ASL &) d5tg
T AYE 20 FLEA wiZEH] AFE AHEL T Fx Uk amz B dFdA
T 2% nze Rl AR WINTINE Hste RE ZyrEFLE ZagE
(partially prestressed concrete)?] AM-&-& A3tz 3o} B-7|F PR ZI2EHANL 71Eto
2 AR g4 E AT 7 US ¥ ol 2T S3hEY BAYHS FgyAgos
A 71F F29 AFEE FIAE  Jdon, AR A 7D 2L His A2 £
A& Aoz JigEn £ dFA AXNE AR AP NIALGBYAE olu] Alg=Hm Q=
7€ T229] WIEA(etofity B oy AZo] AMHE TREAE B8P 5 Yok

ColFdigtm BAPEAFER 2as
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2. H.71F APy YA G Z M (Capacity Detailing of Cap Beam-Column Joints)
2.1 WA Y ZFAA 73 (Concept of Capacity Design)

WAGFAARL AHSsd, dAAE 7 wgdsda YFss g27x FAHAMUS
(failure mechanism)& AET F Jod, 2 AUz 2 FA TFHA ¥ i =23
7 % (overstrength) S AM&-3to] B3 &HA |ch uiFAT AU SS doF VYPTHE BRo)
5, o]l2 A% AA4¥A 348 FH(rotational demand)°] 7HF AL AU we U-]]?]-L]—’;é ]

4 Atk F, ABSZAAME A3 715 4 27t REJUE B-F W9 v 7Y E(beam-sidesway
mechanism)E FAA RS ZHN d%E(soft story) HFHUES AASA B@ot. LFFRAAE ERHE
o2 71%-3 %9 v 5} F(column sidesway mechanism)o] E7}H AR o2 Qg 7|59 A4 I
Ao FHL 2-ZAYuNUEY weot vxdA €oh 2R aFFxdME 71FY L4TA

RRo] 223 AANE ZEF soof 3tn, 19 A BY J|F-E HERE 2H4AEE AT
227t 423t

[o

2.2 7159 WA YA (capacity Analysis of Columns)

AA 7159 o tig 293P E M, E AT ACI318(1995)9] wEH,
M, = -g-xl.25M,f"’ =15M" 6))

A7l M= 7159 FARAEH, 7T F29 2AREE
o 2471524 AU ES ne® | JF AA dA9Y vL o

Var = : @

A7|N IM,=71% OF 2AFE ZAEY Folu, L= 7T € QOM‘:}

2.3 B9 ¥ 7% (Cap Beam Flexural Strength)

B 9 AR BE Z2EHAL ST gy FHEAFL J|E& FTEIYE &
dol ot} AAH3, 719 2ART g AMEFE TYAEHXE FIAYE 95

Pgredq Fde 7o 95 & 4PHAR P A% e 2s

(stress block)2 2B Flch ACIo] w2d Hd$FEHY L &7 Zo| ALdE
__I_J_ - M" - ' o= = 3
il 0457, (MPa) [2&==] (€)
_fb_ + %”- < 1077 (MPa) [2&=] @)
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017]}‘1 P= 3]%73?1 E?’Jéﬁﬂl"o‘ ’é}"-‘i, Ab= —‘19’] ‘%l"i";l’l, Sb=Abhb/6= .53_9] ‘?_*?*;74]-’?—, h,,=
B Folg 4 ) & dydAdez EW, TrEd2 F¥ HLUYE e ol
T8t ot

6M
—h—”—l.oJfAb < P <0454, —624"

b b

®

2.4 B¢ AGZE (Cap Beam Shear Strength)

298 19 3-71% BZeA B ZEss AP e AYV5-SAE U ES nePes
A o3t Zo] AxtdEd

Vi, = (M, +0.5M,,) = ) (6)

Vie = (0.5M,, + M, ) = J )

AZIN VuVe= TERFE 8F 2 asuZd gstd FAstE ZH spanolAe A,
My M, M, = 2 715049 233 % ZHE, = 29 spanolth. TIYAEYAE RO 7d
A AdB=E ACIA 953

V, < (0.3J7§ +0.3 fpc)A,, ®)

AN fo= ZE2EH 0 2% B gdHo ¢F§Holt}
25 B-71%F YRS AGEE (Shear Strength of Cap Beam-Column Joints)

Beo} 7150 #Agste EAEYG FdHHE 24VF-BHR vAUFoRRY A F a¥
1b)9] ¥ BIHE o] &3 BrF AFFAAM a7EHe ddde td o] Autdh

offt

M, IM, P '
V, = =220, 78 ointl] )
M L+h ) P -
V, = j: _(M,,,+0.5Mpz)( 7 ”) %2 [Jomt2] (10)
M, ZIM, I.+h Py .
v, = 22,20 _(05M,,+M e T 228 Joint 3 11
! jd 4l (0584, "’)( 1,1, J 2 [ ] ab

Q7NN V= B-71F AEEY FHADY, jd= 715dHe WH A (internal lever arm)~ 0.8, ,
ho= 7159H &, IM,= dAUEH A8 715 2REAEY &, P, P, P,= FHEER 23
BEol ostel 7} s1Fe) Agsh= FPolth NFAA AAD PPL ol&sie ALY 2T
AgRe Aed 2¥7F 39 29 prototype TEF mZel] oAl o] Ut olo] Agats PR
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(@) Plastic Column - Elastic Beam Mechanism
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(b) Force Equilibrium at Joints

SHEAR STRESS (7)

WITHOUT PRESTRESSING CAP BEAM
WITH PRESTRESSING CAP BEAM
A
Lt
: NORMAL STRESS (o)
/
vCj

(c) Effect of Prestress on Principal Tension Stress

Y 1L BF BRROAY Yo By
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4548 mm 4548 mm

2274 mm " 2274 mm 2274 mm 2274 mm
4 1
250 kN 250 kN 250 kN 250 kN 250 kN
653 kN 653 kN 653 kN 653 kN 653 kN
1143 mm
SR < —

906 kN 1108 kN 1249 kN
2731 kN! 671 mm I 3135 kN 3840 kN' 671 mml 3340 kN 4623 kN l 671 mm | 3468 kN

(a) Plastic Column Actions on the Cdp Beam

250 kN 250 kN 250 kN 250 kN 250 kN
/[,\asn KN—-m /l\fn kN=m A\mw kN-m 373 kN-m A\wm KN—-m
/ / / / !
"2731 kN 3135 kN 3840 kN 3340 kN 4623 kN 3468 kN
(b) Forces Acting along The Centerline of Cap Beam
e S
i SR
— ﬁr |
2731 2481 2936 2682 3718 3468
L - L
654 904 654 904
(c) Resultant Shear Force Diagram of Cap Beam (kN) 2410
1274
792
293 214 \/
470
666 611
1361

1747

(d) Resultant Moment Diogram of Cap Beam (kN—m)

%" 2. Y% (prototype) W2 H-7]F ATl o HY
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o PG AL gYol&d oo AMHEY, o AFF W FH-FAYYY FHE
8 A (plane stress components)’} A2 2 ZAv|gtE JHA¢ ZA®Y. F

h, '
Vi = (h—]va (12)

b

A7) V= BN 8FHE $9uE Aegolnt
oM AdE AER AeYH Zy2EHYd ¢ +HLE 8 L Z 7|5 A&
te Ay o2 ditd FFRAA 27HE F478 W3y AFLFL 1Y 1% 7o)
hr o Qo ojste] As@ '

2 2

i =—(f“+f"°)+‘/[f"+f"‘) +(vy ) (13)

A7A = F4d B AHEY 2T, £= ZE Yo 220l AW /1T I 3, v
BERe AL =V, /bhy =V, /b0t ANE T3 U AF3AL 2AYEI} A8
Astele /<0337 oojof @t MY 73 $F AP 2AYEY AFPEE 2B
A H9, 48Rl #dol BAMA N1, 7d F doEade FYyy Auge 2age ~
Esmt)T AFE A2 Ef2(truss) WU E & A E . (Paulay and Priestley, 1992).

3. ALdA (Worked Example)

=2oA AAE ol2e G498 L BFI] 93t Mander, et al.(1996a,b)oll <3t AH.B2 3
§ 22y 374e o2 So] ¥rz duh Ady 22y gL Y3 (prototype)] LH2} 113 &
A4z FAH o FAIRAH A4EE T3 vgAd HARA £ wEEFE Mg 25,
WRARARA &2 433 22 25 Bl JAYgFolA AT &4E dAen, ol AFol F
B3 @gtd 7% F29 2R &40z olojAT. &4E RE E =E4 AAdgE =
Y2EHAE ZAZE AH(acke)E A3t 1% 33 Zo] I H P (retrofitted) H ATt 2.7
FERd e dzAd gy d2o wAsel ged ole H4A TsEddol FEA @
ol &3 Wil AF Yol TAYEY JAAREE 2AF AF RI)F HEFE 2337 9
gt Aol AgAz izl Bnd AgEe &40 g4AF Sl #RHAY
TE 12 AddA dF5d JAZF 27 EY 2F4E 13 229 @M A Hug FIt
o BoFa ok 29 H dHo Q¥ Av|T 279x279mm 0| 2H, T2EHAE FIYE
AA] 23 AR F 381x38Imm B F/HYen, TYPA2EFHAE Ho F wgod
oo 4MPa & ZEAZT. B HuzRY WIGFEANE T FERY As/HdE ¢ & A
ok 2 AR cddME 4¥S 2Y BT 7|E B9 Bl AYFo WA g 28&
Bo FAAR, AGE HIAFFEAE M2 223 aZd=E AL + do
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St 279 S1

11
IR D4e102 STIRRUP
st (o .
10-13mm DIA
THREADBAR FOR
279 PRESTRESSING
(UNBONDED)
) A
51
-
F = S6kN / TENDON
TOTAL PS FORCE = S60kN
SECTION A-A
a9 3 ZYP2EYYH S
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381
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=¥ 1. 2dxze 271F AR F8Y ¥Y A3 H

AR A HARyg &
B
2 1 ’ 1

73@'—‘?— fc fa Vo .f" ﬂ fa Vej fli

(MPa) (MPa) (MPa) £ (MPa) (MPa) (MPa) f
Joint 1 731 |-0.77 1.86 027 614 092 1.98 021
Joint2 | 73.1 0.54 335 0.37 61.4 0.75 25 0.07
Joint 3 73.1 1.85 1.84 0.13 61.4 2.44 3.42 0.04

1

+f.7F 455 Y.

1y

2)

3)

Professor John

=R

ZoxEd4S Boto] nol B 4T Bu ol nolF BN WYRE, /15 729
AHEe FAAL ¢ Jov, ARHoz 2o F2FE &AW 4 Aok

WA FAAE Sokd AAWA 2o latA @t PR GFRE (capacity protect)&
@ & Qov, o2 Ao 715 2RPEE 448 WG £ gdolok Yok

SE 1A BdFRo) MESF] 44Y Wolk FERT AL FAHE BIF FYR
A deadel SAss HusFe de 2aUE FE AW Frh aFdn.

#ALY &

o] =22 gAE=d E80] ® ¥4 Yol Buffalo B8 (SUNY at Buffalo) E&-3331}¢]
B. Mander & Zdd} A=}
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