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6-5 REINFORCED CoNCRETE PIER WALLS 

Piers are defined in Bridge Design Specificarions (BDS) Article 7.5.1.3 and Commentary. 
Pier walls shall be designed as columns about the weak axis and as piers about the strong 
ms (BDS Article 7.5 .2) with exception as defmed below. See Attachment 1 for a symmary 
ofBDS reinforcement criteria applicable to pier walls designed as a column (displace.tp~nt 
dusti!itY dell}apj > 4.0). Such piers could be reinforced according to tie criteria, or with 
multi-spirals (assuming the pier as a row of several individual slender columns). 

Pier wall thickness must be sufficient to satisfy slenderness criteria of BDS Article 8.16.5. 
Longitudinal seismic displacements withm-the-~·allbeigbt shouid not exceedX the pier 
thickness. The Jorigitudinalmo\,:ements should be. base""d-on-an engineering evaluation 
considering joint closures and abuonent movement, not on computer generated ARS criteria 
The thickness must be adequate to allow insertion ofa minimum 4-inch concrete_p~a~en_t 

tube !}lrough the network ofcross tie tails. Ifpier walls are loaded below thelesser of0.1 f!c 

Ag_.'!! 0.4Pb for Load Group VII, they can be exempt from the stringent confinement 
requirements ofACI Appendix A and BDS Anicle 8.18.2. This exemption will apply only if 
the-pier is designed for a diidiliiY_diSpia~;demand offom or less. Pier th!f!gle~~!fld 
width dimensions can be adjusted, or apier(s) added to reduce the axial load to9-lf'~~ or 
0.4Pb. When considering such revisions, they should be cost compared to pier walls designed 
as columns and requiring the severe tie arrangements or multi-spirals to meet confinement 
specifications. 

If the pier wall satisfies the foregoing criteria, reinforcement provided to meet the group 
moment and shear loads subject to the following minimums will be considered satisfactory 
for confmement: 

Ph ~ 0.0025 (horizontal ties, but not cross-t ies) 

Pn ~ph 

Spacing ofall horizontal bars and ties shall not exceed 12 inches in any direction, except 
vertical spacing shall not exceed 6 inches in plastic hinge zones. 

Refer to A~c~ent~f2u:_x~.J11.P.le Q_e~l~_qfa P.ier wall designed for ad.isplac~ent 
ductility_demand -~ 4.0.abottt.tbeJo~d.inal axis. 

Supersedes Memo to Designers 6-5 dated August 1993 
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Cross ties shall have a 135° seismic hook on one endand a 900 hook on the opposite end. Cross 
ties shall be placed so that 90° and 135° hooks of adjacent ties, horizontally and vertically. 
shall be alternated. 

All piers and their foundations must be analyzed for strength and stability about the strong 
axis for all load cases, using .A.Rs efa.Stic.forces for Group vn.Fusing-at .ihe pileffooillig 
mteiface, slidiilg, orrockirii~be '!sed~ an anl!JyricaJ toofio reduce ~~e~e_:.S~ismic 
?.:_~ds in~~m~ent soils. 

toDfiiiemenrreiiiforcementreiief3ilowcifm-this memo is basedpartiallyoriiisrresults froin 
U.C . .Irvine. ---··-----·----- ·-- - · · ·-- ··· --·--· · 

~~~~ 
Shannon H. Post M ichael A. Barbour 

Bridge Design Branch A Bridge Design Branch B Bridge Design Branch C 

RDL:(osp) 
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ATTACHMENT 1 

Percentage and Spacing <I) Requirements for Pier Wall Reinforcement 

Regular Detailing Ductile Detailing 

I Plastic Hinge Zone 

Ven.ical Reinforcement 


Percentage, p, p, > P t ; 0.25 $ P n < 4:-og (Nolc 4\ 0 .25 ~ Pr. ~ 4:.00 (1\0IC 'I) 


Spacing. s,;, 	 d, + Smin n (1\0IC S) ~ Snh < 300 d r. + S min r. C'lole S) ~ Sni: ~ 200 

Diameter , d, 

Lateral Ties 

Percentage, P t 0.25 $ P t 	 0.25 ~ P t 

Spacing, Stv 	 d t + Smio l (Ncm 6 &l2) ~ Stv $300 50 (No.e 7) ~ S[v $ 200 (No1e 8> 

Diameter. d t 

Cross Ties 

Percentage, p, (No~t 9l 0.25 ~ p, 	 0.25 ~ P c 

Ven.ical Spacing, Scv d , + Smin l (N01e 6 &: 12) ~ Scv $ 300 (No.e IO) Or Stv 50 tNo1e 7) $ s". $ 200 (i'io1e 8) 

Horizontal Spacing, s,, · d, + Smio n (No.e 5) $ Sen $ 150 (No.e Il l d, + Smm r. (No.e S ) ~ s,, ::; 150 (l'o.e I l l 

Diameter. d , 
. 

Notes: 

1. 	 All dimensions in millimeters. 
4. 	 Maximum vertical reinforcement percentage limited by practical steel placement. 
5. 	 Smio" =the largest of {38 mm, ! 1/ 2 x maximum aggregate size, 11/ 2 x one ven.ical bar diameter}. 
6 . 	 Sm~o l =the larger of { 33 mm, 11h x maximum aggregate size} . 
7. 	 Based on minimum vertical spacing of lateral tie reinforcement in plastic hinge zone= 50 nun. 
8. 	 Maximum lateral tie vertical spacing in plastic hinge zone= 200 mm. but not greater than 6dt nor 1/s the least pier 

dimension. 
9. 	 p, =As,l (sc-ftco) in which Asc =area of cross tie reinforcing; h,0 =overall horizontal dimension of pier wall core 

concrete. 
10. Based on maximum vertical spacing of cross ties in pier walls= 300 mm; Assumes that 135° cross tie ends hook 

over alternate lateral tie/vertical bar joints. 
11 . Based on maximum horizontal spacing of cross ties in pier walls= 150mm: Assumes that 135° cross tie ends hook 

over alternate lateral tie/vertical bar joints. 
12. 	 The quantities d t + Smin l and d, + Smin t shall not be less than 50 mm. 
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ATTACHMENT 2 

Hooks of adjacent cross-ties to face each other in 
alternate spaces between pairs of main bars to 
provide space for placing concrete ----

Location for i __/ / 
concrete placement ~ 

PART SECTION A-A 

/ ,I / ,II' ' ' 

' ' ~' ,I 
,I / 

@300mm \
d 300 mm Horiz 

~ ,I ,I /II @300mm as noted ' ' 
JL Horiz 

,I / /I' I' I' 

I' I' / /

~@300mm- ­ -..........___:

Vert 

v 
I' I'/ " " r /I' I" "" " 

,I ,II" . " 

r-/ 
" ' 

38mm ClrTyp38 mm ClrTyp ' ,I ' 
(#15 [)(Cross lies) 

,I ,II' ' ' 

' I' ,I I' 

/ ,I I'Ft.:J: c 
/ / /0 ' 0 ' I' I' 

~ ~ N / I' / I' / / 

a. 
/ /I' / I' I' / 

Pier Wall Example Reinforcement for Lightly Loaded Walls 
Designed for~~ P.i~!_ace·f!l~6f0Qc.!i!i!Y_p~.rn-an(qf 4.Q.9r ~~ss 

(Footing Reinforcement Not Shown) 

6-5 RE1NFORCED CoNCRETE PtER WAllS 



MEMO TO D ESIGNERS 6-5 • fEBRUARY 1999 

AITACHMENT 2 
Hooks of adjacent cross-ties to face each other in 
alternate spaces between pairs of main bars to 
provide space for placing concrete 

Location for ~ 
concrete placement 

PART SECTION A-A 

/I' I' 

@ 12 Vert \ 
/ 

2 Horiz 
.I' ' t as noted 

' / ' .I ' 

~@ 12 Vert - 1- ' / ' ~v 

f 
/ ' ' 

I' / ' " 

I' I' I' 

1%" ClrTyp I' .I I'1Yl" Clr Typ r-"(#5[)(Cross Ties) 
.I .II' I' I' 

' / ' .I 

Q) 
c: / /

.2 
u; ~ / /m a> ' a: 0) 

c: / .I
:I: ' 

I' .I I' .I r-. 

Pier Wall Example Reinforcement for Lightly Loaded Walls 
Designed for a Qi~pla~rrietit Qqpt;fl!tY~.o.-~~ 9J{9-9r-L.~ss 

(Footing Reinforcement Not Shown) 
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