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Sensitivity analysis of seismic demand parameters of
pile-columns of frame piers in sandy soil sites
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Abstract; The pile-columns of frame piers is a widely used substructure in bridge engineering. The current seismic
design specifications for bridges require the pile to remain elastic following the capacity protection principle.
Therefore, identifying the sensitivity of various design parameters to seismic demands of the piles is an important
prerequisite for the capacity protection design of the piles. For this purpose, based on a coupled soil-pile-structure
finite element modeling method, the sensitive parameters of pile-columns of frame piers to pile seismic demand are
studied. Firstly, distribution mechanisms of bending moment under different earthquake intensity are investigated
together with understanding the contribution of ground surface tie beam to withstand the pile-shaft bending moment.
On this basis, standardized seismic demand indicators representing the maximum bending moment of the pile, the
corresponding depth, and the recommended reinforcement range are proposed. The sensitivity of tie beam, pile,
column and soil parameters to the seismic demands of piles is analyzed. Based on the sensitivity parameter definition
standards derived in this paper, the high and low sensitivity parameters of the pile seismic demand are identified.
The research results can provide a reference for the seismic design of bridges supported by extended pile-shaft

frames with ground surface tie beams in cohesionless soils based on pile capacity protection principle.

W BH:2024-03-16; f&[E HEP:2024-05-30

ELTH . HKARPAE4TH (52378183,52178155,52008155)

EE RN A (2000—) , %, -5 AR, FENFFRPUEIF . E-mail ; yangguangyi@tongji.edu.cn
BIEEE . LHME(1987—) , 5 Bl M1, EZNFFRIURM, E-mail ; xiaoweiwang@tongji.edu.cn



53 4 Wth , 45 0 - 37 M A R SR SO B 3t 7 75 SR S Bl o3 A 119

Key words: bridge engineering; pile-columns of frame piers; ground surface tie beam; capacity protection design

of pile; sensitivity analysis

0 58§

PERE ATl T A5 M a7 B it A SO0 3, )32 P T ] v i B S A T e 2 . R
PR RHURRTIE BEORIE B R T R R PR, B RR rh R R v T ARARAS . v T AT B 1
MR R AT TR R0 O TR B 45 R4 R A 32 BT S O i B iR R R A R R DG B T
&, WRASCHIFTSE H AR,

AT C A #8536 T HR ORI b 52 75 R BURS B 9T, KT8 550 R AU 1 IR0 5 BUE AU ZE &
f97712% , PEBRIE AT AR A ) B RUZ i A EAE SR RO DU R PR RE , 4 R R W] ST AR BC A R B s ) BRI i
AP E AL B NS AR A RS BN AR R T AL AR BERERNY sUARAR 3 TA RAAEE  5 [) I O A
PERE S B . RAIC— A5 SR FRLAR B H 5 R A0 2l ek B AR ST T R T SRREAE XU A AR A 4 8 ) R
IO B RIAAR S AT AL | Xof 35 4 b 7 S 1oy EA T AR ) T AT BT v U RIS B8ORS A5 A58 2 00T HL b i SO0y 1 52
W] , 25 SR Y, FEAZOUZ A SL 45 1) b 52 S 10, BB A B8 1 LU R T ), 65 460 80 0 T L 280k B A 9 o L T
BEEOR TSI/, S B0 S Sy T A A7 TR B - UM BORS A0l B e 45 (A A | SR FAEC R B 52 ok,
IR HE CAR A | TC A FS R BE 19 B X5 A7 TR Bk - ORI I PR BB A 52 0 A7 03 B, 45 SRR W I 75 5 Ak
T b S S M 5 AT ) AN S () = B A, TG4 36 7 5 — o KRS S M /N . TR AV 45 sy IR
B 1 SE AR BURE O R TR RS WF9E Y 5 L il LU 3 30 R N A7 R S HOS A B Y I I RS R
SR CHYFENE 45 R AR B b T LERITC AT 238 A 3G O, A0S A BE 0 oK UG R, IO A< X RE ) 55K LE Y
IR . PADGETT 517 7675 JEE5 ) S HOR 2 M SERE I X6 SRR 9 G245 5y B MR A T 0007 , 285
R s RS B N SE R AR AE M SR s B B B G M R B 4, S AR BEL T LR SR8 M BE SR A A SO0
MR R D B R R DR 38 . WANG %51 42 Hh 361 5 B vk 14 e 4 XU 72, DA S JE N B8 00 il S R
St R MR AR bR  IFIE T AHSCEE M A A SO AN ] i bl 8 BT 1 AT IR Ak 37 b b AR BRIk AT SR M AR
DA TERE N SRR s B0 L) S C A AR 2 S = B M OB S B AR R B MR S I R B
JES R, T A B A e T H B N B (1) 30 5% 5 B I AR . ZHOU 45 45 4100 BB B AL 25 5, DAt
= NESHT RIS FEE B TSR bR , SR 8 XU TS T S50 RN AR 2500k 52 ol B Bk SRl 72
PERERYSZNE , 45 AR U] AR FIAE B Al ) FEJ2 52 WV REAE B0 72 11 B i 8 ) 2400, Wk IEC 38 5 00 FHE AR A BT 7 1
JUT- A 50 T - v B TR AR BT B IR - AR T 25 8 Xof 32 ool AEE A R A P 0 5% 1 3 2 Wil
BN, RAAREEN R 37 AR fe R A 7 v e TR R S O M K B IR O B, O R (8 DTy T
AT TSR W g A 17 v R TR R L WIS AR B DI B A BN R B R SR W G B R e R, L2
TP e P R 0 B Sl LR R e e, X R XA R B A TG B E S 19 Pushover
BB, WFFERD LA 25 S XA B BB R B B 5 ), 25 SR SR B, 400 ARG 85 S B 2% (i 3 U b B 1) 55
ROBYERA BE VL R BUS IR BB RS . EDe A 551 5 dod 3oF AR Ao AR T 37 b A A W 2 1R A 7l 2R 1 o
S ST, LA 12 TR KRR s B2 LA K b R4 4 1) 7K P E B di RABLAE Sy e A, e ek e 6 XU v
A— IR A 2 XA S RO T SRR 0, G5 SRR AL 2 B8 PN PEE Ay |t T2 A0 3t 52 2l A 3k 8
(peak ground acceleration, PGA ) S b= 5 H45 Tl 1 2 850, B 7 R R 36E 1 4 Rk o B2 Il 235 4 b 72 S oL 1% 50
RSHL, RINEFE LR 7% 8 bR SRS F B AN 2 1, X DL 1) 187 S S I it 5 A A T b 2 75 SR 04T
73 52K H] Monte-Carlo BB IT 1 M AZ 3 BEAL T I A 1045 2 % BEHL S AR T 5 22 0 51 SV B2 46 Bk B
FEh S E I AR, SRR, SRR BT DA R | B RS A o LA S B R L A SO AR TR R 5 K 1 1
KRR B . SR E | S A LIRS HOE R AT BURAE IS R R=AT o i 25, AR 2 5L
) M AL AS d 2

A WIS A0S G A v T 0 2R A COHE SR AT X B B O A B, T B X2ty 4 T R 2 A A
K, T B2 AR AR T SR SRR AT Y . T AR B S AL SO R A A T SR, AT U A
Ak B 4 b5 25 R0 3 A T 24 BT A5 00 A 8 5 A [+ 8 1 5V T D 2R SR 0 A AT A 52 5 5K ) 532 o A



120 o T B 5 T & #& 3 545 45

L AR I RH R A g AR RS PEZS R A R IR BT 22

RSB XY 11 AR G AR B M RR e SR T JR S MU T 5 . 2 T - - 254 A FROT
BT, WFFE A SO 2 2 AR A R | T B % R G RIEAE Bl S ST il | AR 4 512 3 2 2
B HO B i 5 75 K BOBBURRE | i T A SCHE G4 Hh A U S B s o o, 80 52 e A B M R SR 9
RIUR SR, Dty i R RAEAE SO TR RE D IR BT e 2 %

1 HERBERSHY

ARSCUASF 5 e ELOE R LR A 11 5t DR TRE J1 R4 e Al - 10 2R SR A s CUHE 2RO
WIFER R AT [ PURRAT A I RR T RS, i 12 DIb - s b o 3 e b 38— b - 3, % &
AEBARX BESERE 75 B UL A JE | X S B A AT il DR AT 0 55 AR AL =X PR A, & 78 AR 52 v 4
M e, HE T OpenSees P13 HNT T AT A RO BUZ IS AT BNR I H0RRA T 0 1 -~k - 45 b — A Al St
BRI VLI 1, BT 2R UC Davis 58 U B O HLIRER CSP3 HEFT SR IE , BARYIE WL SCHR[8,14]

; ¥ I ZoiREE L o Ml
SR, | O kA e po | i
SO0 ORIV N s LRl
= _ [t D =R $ gz TN
= S, | O WMA | HEBREERE . 2
b te o e T B 3 o
2| E L '%%%%Mﬁﬂ‘Tiwm%ﬁﬁ " \S=2
3| = !
= e £ -Q BRE R
| L B
! e B AR, T WHELRI I i
-+ B JEF 1] (equal DOF) nl
FREAE D, | ‘ far-Al
PSR, | -
Wi, B - L LY o
7 | o AR
| e
: ‘ s
| — | [ e
i L | | =
LA EIED, | LR

i
E1 iR RS R T AR
Fig. 1 Finite element model of pile-columns of frame piers
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Fig.2 Acceleration response spectra of 40 ground motions and design response spectra
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Fig. 6 Standardized bending moment distribution of pile-columns of frame piers
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