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Response Modification Factors and No Collapse Design of
Typical Bridges
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Abstract

The purpose of earthquake resistant design for typical bridges is the ‘No Collapse Design’ allowing emergency vehicles just after
earthquakes. The Roadway Bridge Design Code provides design provisions to carry out such ‘No Collapse Design’ with a ductile
mechanism and response modification factors given for connections and substructure play key role in this procedure. In case of
response modification factors for substructure, the Roadway Bridge Design Code provides values considering ductility and
redundancy. On the other hand, ‘AASHTO LRFD Bridge Design Specifications’ provides values considering additionally an artificial
factor according to the bridge importance categories divided into critical, essential and others. In this study, a typical bridge with
steel bearing connections and reinforced concrete piers is selected and different response modification factors for substructure are
applied with design conditions given in the Roadway Bridge Design Code. Based on the comparison study of the design results,
supplementary measures are suggested required by applying different response modification factors for substructure.

Keywords : typical bridges, no collapse design, a ductile mechanism, response modification factors, AASHTO
LRFD bridge design specifications, importance categories

1.M B brittle mechanism)& T43h= A%+ AW 59 Y
WA E A Bte] g AAAY] BAe e F glon
dvtwer A A o] 54 AR Al SRAQ] &4 TR o] BEvbstER AXF x| HlE A1
&gt Hue WAste] AR A% FgAtEe] FHE SN Bttt 2 RR aAr)E @] AARIAE
7VestAl dte e WAA A (no collapse design) & 59 A = gl 497t ol YRAAV|ES 7] EA o7 A4
st Aol dwtugdlx JFeddE Fste A=, T FAL e7Fsta glon Ao R R AT
AATE, S TR(@A7T) B 7R T ATTEY 7129 (response modification factor: R)E #-&3he AJEH
& HuE sty §8ur geng s A AU AAlstaL itk ~FAEHHAHE FEA ] By
2o &gl a8t nA7FY Af 5 ke A AE2 7P ARE AXSER o] 235 EWE a3
Boe HuE FEotRE 8T F gla g 3 7F AARE HAREE 2ot w7]5e] o] $M8h=
o] gRo R AAIAE FAsoF s o] aF ARTEE TAT F den o] YN AAGEE sk
He FEHZE AAS dAFZ(ductile mechanism) & Ags @ddshe SEHTEATE P w8 A
et v A 2o Ad o] g AT x AAZEE P72 94 B dAREY A TL}E} &
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Table 1 Response modification factor R

. AASHTO LRFD
Substructure Roadv.vay bridge Importance category
design code — -
Critical Essential Others

Wall-type piers-larger dimension 2 1.5 1.5 2.0
Reinforced concrete pile bents
e vertical piles only 3 1.5 2.0 3.0
e with batter piles 2 1.5 1.5 2.0
Single columns 3 1.5 2.0 3.0
Steel or composite steel and concrete pile bents
e vertical pile only 5 1.5 3.5 5.0
e with batter piles 3 1.5 2.0 3.0
Multiple column bents 5 1.5 3.5 5.0

Connection All Importance Categories
Superstructure to abutment 0.8 0.8
Expansion joints within a span of the superstructure 0.8 0.8
Column, piers, or pile bents to cap beam or superstructure 1.0 1.0
Columns or piers to foundations 1.0 1.0
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825 AL AAEe O X Ad" /e 7=
A9 AA (270) & wiRlsta 28/7FE 715S wkgste] 270
o] pEigko 2k thHE S Adsle o mdldee]
o] AAzAL udd] AXH A 1 7)Eel deske
o5/ AH, wr)F e wFAH oz At
AAZNCR FHAA Ao H&ate ER2uAA7]FEAA
AATFG T, WA I 55w, AERIE dYsenz %
T9AG 0.113 A=A 1.4 23 B Tt
B3 7EEASE 0.154 2 A WER I 23 AubAls= 1.27F
Agdtt, ~FEHG e ue BE = 507009 w%/
wEHzE Wk Mo r e HuA YL mEHgko] F7t
HE d54% 1(2% 100%, w327 30%) 3 w327t
Hhko] 27} HE a574% 2(13 30%, w327 100%) &
TRt T ASo] Akeg 233t sk 1, 2(Load
Case 1 & 2: ©J3} LC1, LC2)E FAZT}. gl

AXE el M AR w75 Al AHgehs
244 (action force) o2 T3 mAue]l £ (H,)3}

w77)% shdke] FRWE (M) Table 29 2t}

Table 2 Action force(analysis bridge)

21 (DA RE AASHFEAT(R,= M,/ M,)T}. Table
3 ¢3.0m 7Y M ME APetal Table 29
288 M= Gtelet Ax/A8E v(M/ M, M/ M)E
AAZ Aoz LC1/LC29 ), (1.328/1.295)+ AASHTO
LRFD w&A7]1% 3.10.9.4.3bel AAE Fx22r=A4
1.37 2 zlel= gl Fig. 32 47|59 JEAEEEE
=/ HE ARESl] ERSIR EAE Zleoln LC1/
LC29 75 22t AARAK 2-8-2<] 64.4%~85.5%/110.7%
~143.3%7} o] A shk= Weleke A AAgt

A, = 1.25+0.05R (1)

LC1/LC2 aEH7 5Ys
AR EE 2R LC2, 7% LC1)eR AAES

Feelof gtk AASHTEAT r,=1.55¢ M F e
6

Load Action force 2215 FEAIe] Fo] 0,647 ERAANES WS
Structural member -
case Longi. | Trans. | Sum BIA] Bl w3k gaale] AALT(A WA 3= 9] o
Steel bearing H,(kN) 2511 941 2681 ~
LC1 u sl3h) L sctlsl= AAIR|RIE 0 7 AR shd ol oA
O T pier column | a7 (kN-m) | 71104 | 12833 | 72253 SFHS 1.0°0 sldeke AR o= e LC1w 94
Lo | Steel bearing | #,(kN) 879 | 3006 | 3132 T2E FAYTH LCI/LC2A 2% AAT2E FAs)
Pier column | a,(kN-m) | 21731 | 36022 | 42069 AalM e kel AAe3S AAXAH] 143.3%(LC2
WZ)% grEWoo] Ao FluEls =1 433x%
701'7H‘ﬂc}5§j]3"]r 27750 é_lzﬂ FEPTHEIL A w47 FEHEe A )—oﬂ a3 4488kN(=1.433
e 3132) 80} 27 Ao} d}.
YATS PPSte] T AT vmE AYTFE EE
A972% 293 & AHKook, 2014). B om 73 _strength_
489 gt EaRlE 22)5e A9E EaRiEd oon e
#9G o|do] W71 A wHlo] A5 S sl '
BEE Adths 2 folsiof gt ar|E FRAES] 15
’ 1.433
A FRAERE @ Ade 247t AAME(design D o
strength: A)) ¢} 227 =(overstrength: A7)0 FA= 1.0 - 0 '
Py
(nominal strength: )& P-M3#%(Roh, 2005)% 05 0.644
WY ERIAANIE 8.10.2.4(1) 230 el AR — e —
MpE HEREAS 1.0S A85] APSHEE $YYEs 00
2o =RaAAYE 8.10.2.5(5) Zdd od zuw 1 2 LC
ME A ()9 Az BeAs A o o Zor AFE Fig. 3 Yield range of pier column($3.0m)
Table 3 Strength / action force ratio(analysis bridge)
® Load M, R M,/ R M, R, A, M, M,/ M, M,/ M,
(m) case (kN-m) (=) (kN-m) (kN-m) (=) (=) (kN'm) (=) (-)
LC1 72253 24084 1.55 1.328 61800 0.644 0.855
3.0 3 46550
LC2 42069 14023 0.90 1.295 60282 1.107 1.433
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Fig. 6 Yield range of pier column(¢3.1m)

Table 4 Strength / action force ratio(7=3)

® Load M, R M,/ R M, R, A, M, M,/ M, M,/ M,
(m) case (kN-m) (=) (kN'm) (kN-m) (=) (=) (kN'm) (=) =)
93 LC1 64961 3 21654 93520 2.76 1.388 32646 0.362 0.503

’ LC2 37242 12414 1.58 1.329 31258 0.632 0.839

Table 5 Strength / action force ratio(r=2, r=1.5)

¢ Load M, R M,/ R M, R, A, M, M,/ M, M,/ M,
(m) case (kN-m) (-) (kN-m) (kN-m) (=) (=) (kN-m) (=) (=)
98 LC1 69366 9 34683 39200 1.77 1.338 52450 0.565 0.756

LC2 42205 21103 1.08 1.304 51110 0.929 1.211

LC1 2 49041 1.4 1.321 . .924
31 C 7356 15 90 51450 3 3 67990 0.699 0.9

LC2 41734 27823 0.81 1.291 66399 1.233 1.591
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Table 6 Required capacity of steel bearing

é H, R H,/R M,] M, .,
(m) (kN) -) (kN) (-) (kN)
2.3 2722 2722 0.821 2235
2.8 3206 1 3206 1.207 3870
3.1 3074 3074 1.603 4928
FPFZ(HIAT 999 A LC1 s
ﬂﬂﬂ*%éﬂ aigto| g 7b7t AR R 282 9] 36.2%,
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At WRAAA S 4L AN AFo] AFAFe] FHE S Gt oh FATAAA Y FHoIh LR
1EE QTR A SANALAE T FAE AN den of HAHAM AAFE s A8
shv SHFAATIE AR AdE At s E SuTAATe 4y ERaAAVIES A4 A8 s nHd A
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