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Development of Artificial Neural Network Based
Model for Bridge Extended Pile-Shafts Design

Student: Lun-Huan Lee Advisor: Dr. Shih-Lin Hung

Department of Civil Engineering, College Engineering

National Chaio Tung University
Abstract

A common type of bridge foundation uses the so-called “extended
pile-shafts” , where the circular column is continued below the ground

level. Under the design level earthquake, however, extended pile-shafts
for bridges may be expected to-experience some level of damage below
the ground level. A design procedure that incorporates soil properties into
the process was developed by Song et al on 2006. The seismic design of
extended pile-shafts requires a careful-consideration of all the details, so
the procedure was complicated and experience oriented. Artificial neural
network (ANN), one of well-developed models in Artificial Intelligence
(Al), is a learning-capability computing model and being widely used in
different areas.

The aim of this work is to develop an ANN-based model for bridge
extended pile-shafts design, to simulate the human experts to complete
the entire design process. Three ANN sub-models were established. One
for aided design and the other two are intended to test and assess the
results. First, a case base about one million cases was created according
to different design parameters using Matlab, and the cases were divided
into training and test cases. The training cases were then randomly
divided into three to five groups to test the learning performance of these

sub-ANN models. The training results revealed the feasibility of these
1



models. Meanwhile, validation results revealed that the coefficients of
determination(R?) were more than 0.9 for these models in training and
testing. Finally, a complete design case was employed to test the
feasibility and performance of the developed ANN-based bridge extended
pile-shafts design model. The results confirmed that the system is feasible

and the results are correct and engineering acceptable.

Keywords : Extended pile-shafts, Performance-based objective, Artificial

neural network(ANN).
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mg _ mp? ]
<015 4g =" (3-1)

zs%s&o.oss

#F 0 19RACH 318-024 = 1 T e 4 551 (p) et ™ 13(0.75% -
A%) k35 0 Bk SLABEME P (Toin) 2 B 2 % SL3BM 8 (Tha)

B Toin=Tn =Thax °

bk BB R Ky = (25) X m (3-2)

n

A=
AEFE BF R 0 4cB3-1(3 * [13]3 i

b.# * Vidic T. [13]3& 1 2z & Fl+ c,=2.5, ¢,=2.0, ¢4=1.8, 5% = o
Ris o %‘g d e iz R g s R4 i B (pga, peak ground
acceleration) - % * PEER Strong Motion 3 +* &> 31 * [S5]4-§]3-2>
P52 AN Sg~Sp » S¢>Sg ~Sp 0 P~ & p pgalpgv it B fr
(pgaxped)/pgv®t & » Fla - z_J1 B A4 i & (pgv, peak ground
velocity) » & + » % =4 (pgd, peak ground displacement) » % -
5 4 S (T,) 30 en® B O[13] -

04T, < T, < Ty, Spaa = Ca X Dga (3-3)

T,<T,<T,, Sprvzcvx;ogv

Spaa = (i_:) X Sprv (3-4)

T,<T,, Sqg=cqXpgd
2m\?
Spaa = (5) % Sa (3-5)
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TZ == Zﬂ—d—pg

Cy DGV

CaPga
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2L + — Lo
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——L,

81
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My = |2LaLinD + (D + 5 Lg) Ln® + = (12 = 22) Ly,* — "] s,
(3-13)
QIDEC T S
Bt P EER (L)
* 2 *
L= |5V (3-14)
H4e
* Vu B 14+sin @ )
w T pr[Dg r Bp oy 1—Sil’l® (3 15)
§ B & (My)
8,3
My =V,Lq + 27K,y'D (3-16)
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_ _ n.)21-F -
e = {021+ 12p, +[0.1 + 205(0.05 — p,) ]fC,Ag} I, (3-17)
IR
1O 3 T R E R (Ksp) [1] > 40

(I)3kE2 E—

R, = /% (3-18)

§a =7 (3-19)

S8 5 & (Ksp)

- 3knRc¢ _
Ksp " 3‘/§+6fa+3‘/§fa2+fa3 (3 20)
QIDEC= T el o

B E B (R)

R, =" % (3-21)
Lq

$a =% (3-22)

B4 5 R (Ksp)
Ky, = PR (3-23)

3
2.4+3.2§a+1.74fa2+%
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K Ll 24 _
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\
\_.
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~
A
\.
e

A,=— (3-24)
1L (4y)
Ay = (.UA)convergedAy (3-25)

¥ b B (u0) [1]

Vu* (Vu*+Lf*)3 (ua—1)

Ho =1+ My* (L +Lm") 34, (3-26)
Ho o,
* Lq * L
L ==L =2 (3-27)
(I)AR1 2 E—
. My
M, =2 (3-28)
(II)Z2ak1e 2 3 —
N My,
N (3-29)
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a&@g@a?ﬁﬁ%‘,@%ﬁa_ﬁﬁﬁ+% Bk R
RitinArY o BHEML T 2R s AR L AR ETH
#7 1+ Z F(displacement ductility demand, u,) ~ % 4% 5 +* (longitudinal
reinforcement ratio, p) ~ -k =45 b (drift ratio, y)& ¥ F £ 7 K

(curvature ductility demand, ug) - 2 # & % i%ﬁf}ﬁﬁ;;& 4o o

EHE g o ATC-32[1L] R py=3° 2 =1~

S g 85— ACH318-02 b R 075%=p=4% > &4 & & ~ | ¢
EERES VA E SN IR TN SR X

kT g A g PR e B S el R0
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pERD I 3&#%‘,% PF]gN 3 1995 £ 0 p oA g RS € (Japen
Road Association) R Tz & =45 v <1% 1% 5 K- &R
o @ Ay [Bldp A 0 FRFIAmAR A =1% 0 U RT
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¥ g AR e A Y SR

a.F FHA RN A LE > PRt 2 2 S(D)2 kS
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322 4 14 & A

AORA GRBE R A A A S o Al AR A
il 35 27 o P)R L REEW) L BEED) > EBRIL
LREE SUERSER S SECRHCIES 2k Sag) R SyNLRER A b
A g A et & (W) e 4 &(D) 35 27 3 % (Adjustable) 48 - 524
FAE AR REE r%%ﬁfﬁfj&fé’&;&ﬁ%ﬁ?@%%ﬁ& ) dm e AR R
Jert 4 BAcH A Solice BP0 o B 3-6 74 1 A Sl 2
HET -

APAH SR dd FE S b AR S AmEr e S TP 5F
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A AT el E o AP AF T 5 g B (Processing Element,PE)
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323 5 EREEH
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RE

B A RAEA R AR G - B E R~ A D 8B SR B



B2 g3 A SRR BB SR Fdp T BN G kT
JedZ o YRR IR AR A S AR Y R R K o
KB BELR S A SRR AL

B KRBT ‘]’bﬁ’é" u'\:q E F%%’; L MT'FEJ 15“77? P%K&'E’ ) Ak
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foib B () A & v § 18 BAAFE L AR R P 28 Lhein 8 e -
R R SR (e A B

%43
2

PIFCERE—YRE DA T REROEL B KBEE
i AE—p mx__#—i%&%ﬁﬂfﬁiﬁﬂi%] DR SRR R R R o

AR R R LS R  R R S L B L
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BEAHF > o TRA- BPYPUFEZ o R BV RP] R RRR
T - L NET o - WY RS XA LA B Y

(Supervised Learning)fr & & 43 § ¥ (Unsupervised Learning) -
EENEY —
EEENEY Y O REE Y ORETI VR GEE YRR M
PR 4T
{psti} P2t} .., {Posto}

He pqikﬁ*‘mﬁﬂf\ vow to AAPF BT A (AP HR) 0 @ﬁ%
N ERRE SRR D 8 D RGO e R F YRR R
AERROREE EfcRhBEE P DA IGE R mﬁi%] L&z p

ERERSEVY O BEEfCHIEE Y 0wl el
 IF LR o g BT B2 A 304 ¢ T B (Cluster)iE iE

AR RERE S SRR S I g Rl S S

3.3 M ih e

G ERR D PgH SRRE VRS AR AR B
Bl hen st 4 A P BBEY REREA . AT BT A
PISE ALY o el B T RE YRR R B R E B R E
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% 1958 # Rosenblatt #% 1! st 48 5 ¥ R A4 Widrow - Hoff
| 57 34 5w B £ (Least Mean Square algorithm, LMS )R AGK

=
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= »
[Ty

BORPURE K R S e e o i B R Rt endk BEE T

RS
IR SRR EER RN 2 1 f K R o e P AMREEIFE 2
BB ki { saenieit o B 5| 1986 & o 5@ iLiF B 2 (Back

\-_;_
P2
J=

13

T Ak 55 K 3L o Rosenblatt 4+ Widrow 3523 23 i

\\

Propagation algorithm, BP)4 3% i > 4 @ i 5 K R Ao o e 78 4518 1
LR

FE? ¥ &z paie )]J' TR T R R NPE-L B % R AT g
EES N T TETIES Py TRy S T

33.1 | WL e B TR

EES S ERE R R R A AL

AR LA sh: 3 SRR S S A= S N 2~ ) LR I S I
B g v d TP A S BT B AT AT - B R RRIE A
HOgagh @ 5 Lhgendd G @ B A S o4 Sl S 343

0 [ T I IE R R e e o

E R E RS SR I SRR SRR R A )
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t%;?:é] %‘] é]m%‘%’i ESRE %%};leirr}iﬁl ’ fﬁ 3 %Ej{)‘t v i
FH PR T ¥ KRG Lo

DX AT AL > TR BTG o

=

M5 R A AR e RE cnp ToMa S licE 32 324 (Mean Squared
Error, MSE) » & &t e By & fe B fhdig 2 {1 2 34 en 35

332 mibkiwE &

EEEFEE > vT O RIS R o 1355 LMS B ¥ 2R
w @ yhw B2 Y B B 2 (Steepest ‘Descent) st iy 0 H @
i dp R A9 5L o LMS W B e B @ 2 % B v P
Wheent 52 N o HEH R SRR L L R Bl
Sl BAPHRE OB RR G T A RE o BB AP ES Sk

ER R Ryt el

L R aEAR 0 - L 7 Z BRI - B - R

F3
2 % FALw 5 = o~ (data feedforward)wh e iE 5 3 & B A% 2 K 2

T
-

R EF BRGS0

(3-31)

H e Wug%g%&ﬁ%:’:% %%&i@ﬁ?@i&%ﬁ;vijéﬁ”%Z‘
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AR B BB EAR O 2 O 5 B S g 2 PR D XS
B R B KBl o A N Np 2 N LA B 5 8 B~ B
B2 g IR hSE B p o @ g s ik Sl ik S B T B
SES R

FoOMEER G F e i@ B L2 5354w (548 F(error back-propagation) o
AVPAREARY o - AR X SBcR T ORREROEY Ao a gt

Bl F R/ ACT
EW) = 2-50a(T, - 1) (G -Y) (382

-~ v P » g‘ﬂ Eﬁ%‘ /':"JEQ°?:571/;572/;--}71\V/0;Y=Y1:yZ:--yNO ’5}\;:“;‘“

= (V11V12 I/]k VNhNievlevz ...HthW]_lle Wl] WNONh9W19W2 QWNO)
(3-33)

PIRBR S PR L R E D I o R @Ry B A B
B T H TP E b g (step length) & & ¥ :# I (learning ratio) %k
DI o H B DG T Ao

W&+ = ) 4 A 0 (3-34)
0E
AW® = —p 5 (3-35)

ﬁﬂ”ﬁggjiﬁ:"ﬂpl\f&()l? o]—‘fﬂ(k)z\—r'ﬁ’l‘\“'}#k”\’
R SRR SN S
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7.65

13.6

R, = {

K, = —

n=K,=

=Y 4 =4 4 P
FimE S5

# 4-1

=N

fc Ag

}Sm 0,

My

fc Ag
i AT DR 0 SN d 2 g RS

Everard [15])

HE (in)

0.561/0.375 = 3/8

0.996/0.500 = 4/8

1.556/0.625 = 5/8

2.24/0.750 = 6/8

3.049/0.875 =7/8

3.982/1.000 = 8/8

5.071

6.418

7.924

9.619

11.41

20.284

1.128

1.27

1.41

1.5

1.693

2.257
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=K, + K. — K;

= R; + R,

£ g a5 (Rt

G 55 % R R

H&E(mm)

9.525

12.7

15.875

19.05

22.225

25.4

28.65

32.26

35.81

38.1
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57.33

— Ry

BEE | AR
(in?) (mm?)
0.11 71
0.2 129
0.31 200
0.44 284
0.6 387
0.79 509
1 645
1.27 819
1.56 1006
1.76 1140
2.25 1452
4 2581

FERIRRE
(kg/cm3

2800

2800

2800

4200

4200

4200

4200

4200

4200

4200

4200

4200
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2 4-4 = BEEAH SRR OERIE EEDF E R

KA S e A D=1.5m T,=17 p=0.8

KA e A D=1.42m T,=1.72 p=0.97

KA SRR B Tmin=1.51 Tmax=1.83

A7 42k 2L Hp uy=2.28 w=7.55 110=6.91
FE
KA SRR 1s=2.13 p=1.32 %,=6.92 110=6.34
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Step 4

Parameters

Define
Design

Extended Pile-Shaft
[Define Structural Parametersj

Above Ground Height,

Mass of Superstructure,
Material Properties

Define Soil Properties

Cohesive soils @ G
Undrained Shear Strength

/

P

/

Subgrade Coefficient: ka
T

v

Select Pile Diameter and Elastic Period

ohesionless soils

v

Determine Elastic Stiffness Ko (Eq. 1)

-l

(
(
[

@

%

Effective Friction Angle,

Subgrade Coefficient: nx /

v

(

Obtain Elastic Design Spectrum

t Design Di

Determine Spectral Absolute Acceleration

p

Revise Pile Diameter

or Elastic Period }

nent Ductility Factor
( Determine Force Reduction Factor (Eqs 2, 3 and 4)

A
v

Cohesive Soils

Step 5

Step 6

Soil Type
Determine Depth-to-Maximum-Moment

and Flexural Strength of the Pile
(Egs. 6and 7)

(Obtain Lateral Strength of the Soil-Pile System (Eq. Sﬂ

Revise Displacement

Ductility Factor (Eq. 16) J
A

Cohesionless Soils

Step 7

(

Cohesive Soils

Determine Depth-to-Maximum-Moment

and Flexural Strength of the Pile

(Eqgs. 8, 9 and 10)
[ Determine Amount of Lengitudinal Reinforcement j

]

Calculate Effective Moment of Inertia (Eq. 11) ]

Obtain Elastic Stiffness Ksp

of the Soil-Pile System

(Egs. 12a,13a14a and 15a)
I

— Yes

Y

f

Cohesionless Soils

Obtain Elastic Stiffness Ksp

of the Soil-Pile System

Step 9

{Egs. 12b, 13b, 14 b and 15b)
|

.

Obtained Stiffness = Target Stiffness

(Ksp=Ko)

No

Calculate: Yield and Ultimate Displacement,

(Egs. 17, 18, 19 and 20)

Design Complete

Satisfactory Performance

Yu<8 and [Ua<3

Curvature Ductility Factor, and Lateral Drift Ratio

Iterate

No
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0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Period (sec.)
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NEHRP site class S,

2 8- V, <180 m/sec
§ total number of events: 24
w6 pga g
s mean PGV ratio =0.39 e
Z 2-
0 - !
0 05 10 15 20 25 30 35 40
poe Rati
(a) pgv 2
10 .
NEHRP site class S
2 8- 180 m/sec < V, < 360 m/sec
e total number of events: 58
> R
g 6 mean :: ratio = 0.84 mlgec
& 4-
a
E
2 21
0 05 10 15 20 25 3.0 35 4.0
pga
(b) ‘pgv Ratio
10 .
NEHRP site class S ¢
a 8- 360 misec < V, <760 m/sec
§ total number of events: 43
w 6+ pga . g
~2- mean Pav ratio = 1.20 e
n-A
E
Z 21
[ el
0 05 10 15 20 25 30 35 40
pga
© [
10 )
NEHRP site class S, and Sg
o 8- 760 m/sec <V,
§ total number of events: 21
w 64 pga g
"é mean Wratio =284 e s
x4
E
2 21
0 1
0 05 10 15 20 25 3.0 35 4.0
pga
@ pgv Ratio

Bl 3-2 pga/pgv £ (pgaxpgd)/pgv’ +*

Number of Events Number of Events Number of Events

Number of Events

58

NEHRP site class S¢

V. <180 m/sec

total number of events: 24

mean M ratio = 2.78
pPgv

0 NEHRP site class S
8 - 180 misec < V; < 360 m/sec
total number gf events: 58
a
6 mean w ratio = 3.05
pgv
4 -
2 e
o -
0 5 6 7 8 9 10
pgaxpgd
——3— Ratio
pgv
10 - 2
NEHRP site class S,
8 - 360 m/sec < V, < 760 m/sec
total number of events: 43
6 1 meaanzgd ratio = 3.40
pgv
4 4
2 .
o -
01 2 3 4 5 6 7 8 9 10
pgaxpgd "
—7 — Ratio
pPgv
10
NEHRP site class S, and S
8 760 misec <V,
total number of events: 21
61 mean M ratio = 2.83
pgv
‘ -
2 .
0 - |
01 2 3 4 5 6 7 8 9 10
pg_i_a tnod Ratio
pgv
i (4 PEER #cd% > 51 % [5])
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Cell Body

Synapse
e fil - :
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a = hardlimin)
Hard-Limit Transfer Function
AU A S0 #ic

a = logsigin)

Log-Sigmeid Transfer Function
RS A Sk

a = purclin/n)

Linear Transfer Function

SUER RO s
[}
........... b?_
E g 1 v
_1 0 +1
............. S

a = satlinin)

Satlin Transfer Function

e frR M H S B

a = tansigin)

Tan-Sigmoid Transfer Function

_11 Lp %“%ﬁ EF ﬁf’f" :lv:@:

a = hardlims(n)

Symmetric Hard-Limit Transfer Function

HAA L S0

a
___________ ’D,
- 11
o 1 - _Z
.............. R
a = poslinfn)

Positive Linear Transfer Function

I AR

‘p n

0 H H
0833 | +0833
a = radbasin)

Radial Basis Function

Lo B 15 5 e

a = satlins{n)

Satlins Transfer Function

LA o S 75 5 0

a = wribas(n)

Triangular Basis Function

= A A RER Sk

Bl 3-6 Sk
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Mean Sguared Error (rmse)

10

—_
(]

—_
=

10

[

Best “alidation Performance is 0.011492 at epoch 3364

i Train
Yalidation |-
Test |

------- Best
~
- =

3 !
C ] ] ] ] ] ] s
] S00 1000 1500 2000 2600 3000

3464 Epochs

Bl A-14 A om g A-20Bud 6 50612 i fc &)

0.95*T arget+0.0085

Chut put~

B 4-15

Training: F=0.98436

2 Data

0.5 a 0.5
Target
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hean Sguared Error (mse)

Best Walidation Perdfarmance is 0.014215 at epoch 2667
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hean Squared Error (mse)

10

10

Best Validation Performance is 0.013244 at epoch 3233
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Mean Squared Error (mse)

Best Validation Performance is 0.0098354 at epoch 5165
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Mean Sguared Error (mse)

10

10

10

10

Best “alidation Performance is 0.0096386 at epoch 155887
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Mean Squared Error (mse)
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Mean Squared Error (mse)

Best Validation Performance is 9.245e-005 at epoch 1120
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hean Squared Error (mse)

Best Validation Performance is 6.3226e-005 at epoch 2119
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Best Validation Performance is 0.0043447 at epoch 2981
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Best Validation Performance is 0.004866 at epoch 6372
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Mean Squared Errar (mse)

Best Validation Performance is 0.004865 at epoch 5222
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