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Development of 200m Long Integral Abutment Bridge
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ABSTRACT

Integral aburtment bridge is known as an economical bridge type due to eliminating joints and
bearings which increase construction and maintenance costs. From early in 1930s, this type has
been adopted in USA, nowadays the total length of bridge is over 200m and the longest one is
340m. On the other hand, the length limits in Korea are 120m for a concrete bridge, 90m for a
steel bridge. Conservative limitations have been just adopted. The goals of this study are
overcoming the restrictions in jointless bridges. International standards, reports and research
papers are examined and parametric studies using numerical models are carried out. Major
results of this year are as follows.

As results of search of domestic and foreign codes, integral abutment bridges have been
adopted globally. Lately Indiana state in USA recommends 300m as the maximum length. As
results of verification of modeling to be used in parametric study through comparison with
between analyses and measurements, the results of analyses is similar to behavior of existing
jointless bridges. These can make a judgement of propriety of values from parametric studies.
Major study parameters for enhancement of jointless bridge are bridge length, material of girders
and pile types, finite element analyses are performed with partial modeling for pile and 3D full
modeling. As results of parametric study, length limitations of Full-integral abutment bridge are
180m in case of psc concrete bridge and 150m in case of steel bridge. H-pile & weak axis
arrangement are recommended because flexible behavior of pile is needed in integral abutment
bridge. Pre-boring zone filled with uncompacted sand is needed for reduction of stress on the
top of pile. The limitations of Semi-integral abutment bridge are 500m, 400m in case of concrete
and steel bridge, respectively. There are several ways for retrofitting to jointless bridge, RC link
joint out of these is selected for test. This is retrofitting way that parapet is connected by
reinforcement bar to deck slab, stress is controled by movement of abutments. After installed,
initial condition is very sound, it was checked that impact noise was down and driving condition
was getting better.

The case of other countries with many experiences give us some advices that maintenance cost
will be going up. Jointless bridge will be good choice out of some ways which reduce cost and

prevent maintenance works.
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Primary Variables
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Shrinkage Model | CEB MC90 | ACIZ09 GL2000
HP14x117 | HP14x89 | HP12x84 | HP12x33
Pile Sections e CFT
] 14x0.312 2
= HP10=42 | 14x0.203
= Weak Strong
Pile Orientation NA iy o With With
s s Skew Skew
soil St : Dense . =T Very = %
Soil Stiffness Loose Sand Sand Soft Clay Stiff Clay No Seil
2) A2
T T [e) ] = = T = T = =
O &5 595 nyste A wg AdIA= HIA 25 9 ZIE F3 4

150m(500ft), H¥

om FAe B HAADNE FAZO

| |

T T

T Acceptable-Damage Limit (HP Section Only)

| Zero-Damage Limit

—— |
| Ar=-75°F

0 15 30

45

Maximum Skew Angle (Degrees)

60

T
s

1000

AHEA] 330m(1,100fH) = A F
2 300m(1,000f) = wHF = AT

900

800

700

600 |

500

HP Piles Only

Elastic Dynamic Analysis required for structures of length
over 500 ft located in Seismic Design Category B.

400

Bridge Length (ft)

300

200

100

HP or Shells

0

10 20

T
30

Skew (deg)

60

(@) A7 2de] e DA (b) DOT A3 (20130l WrFd A73HA
a9 2.3 Al mE AR
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2.1.2.3 Modification of IDOT Integral Abutment Design Limitations and Details(2009)
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3 2.3 AR 2 ARG HP12xT74, A=A

Grade 36 steel Grade 50 steel Grade 60 steel
Maximum Maximum Maximum

length Skew length Skew length Skew

(feet) (degrees) (feet) (degrees) (feet) (degrees)
No moment 240 0-30 400 0-30 500 0-30
reduction (i.e., 120 30-60 240 30-60 320 30-60
current IDOT
design)
Predrill to 8 ft 300 0-30 500 0-30 600 0-30

160 30-60 320 30 -60 400 30 - 60

Hinge at pile 600 0-30 900 0-30 1050 0-30
cap/pile interface 420 30-60 680 30-60 B840 30-60
Hinge at pile 1000 0-30 1300 0-30 1600 0-30
cap/abutment 680 30-60 1040 30-60 1300 30 - 60
interface

2.1.2.4 Structural Design Issues for Integral Abutment Bridges(2013)

Nyt £Eelgl 2+ =2 (Ministration of Transportation)oll A+ 2013\ LA 2] wagFo]
de A5 T8t on, dASA = 2600m(E3 B Ex, 7 200m)7HA] 7hHsg Ao =2 o
Bt

D 3

SAAA 2 wEFe] AETFAS ) o] AFNAE A L AFAHQ YHI AaF A
o2 59 AnE =&Fs9oH I 582 gy g
O &5 ¥ A=
@ AZAT AAH B AT wdY AR
©® F& W@ FAR, A ) MR £
@ wF A L AZE w34
® T5 L&Y UHdte dAAE 4R
Rigid Link Concrete Slab
Element .~ (Shell Element) ey -
N
Top Flange Diaphragm
(Beam Element)
—— Web
(Shell Element)
Bottom Flange R Wingwall
Cross-Frame Bracing (Shell Element) % Girder
Elomcots) A ‘_\Abutment pile
Abutment
a9 25 AMH B 9§ mug



Pile size 3 HP 200+53, HP 250~85 and HP 310<110
Pils Orisntation 4 Strong axis (Local and global axis).
Weak axis (Local and global axis)
Skew angle 5 15°,20°, 30°.45°,60°
Abutment height 2 3.5m
Abutment thickness 3 1.1.25.1.5m
Bridge total length 3 20, 100, 180 m
Girder type 5 Steel box girder, Steel I-girder .Concrete box girder,
Concrete I-girder. Deck slab
Girder depth 3 CPCI 900, CPCI 1500, CPCI 2300
Abutment-pile connection 2 Fixed. Hinged
Soil stiffness 4 Soft clay. Stiff clay, Loose sand. Dense sand
Wingwall orientation 3 Perpendicular, Parallel, 45° to traffic
Wingwall length 3 3.45m
Number of design lanes 8 1,2,3,4,5,6,7,8
Number of bracmgs
or diaphragms g 0.1.2.3
2) ATA
A4 HEe B9 aw 9% 9 Az U@ A7ARE oo g
&0 Y B0 i —&
= E \ \ = v HE310<110 ix i = su HF310+110
i \ N N s HP2S<85 5% \ % e HP Y5085
0 \\ V. [——mms . AR
43 ,\ & 45 .\';\ i
g N g ¥ L
35 \, 5 £ 35 \' %
‘?5, 30 % E i —%
S AN £ 25 % V!
ViR S ——— &: b %0 -
15 H—_set__ 4 EJ R —— 4
10 : I 10 |- mot 1
5 i s considersd I
i} i é o R * A é. i
0 40 80 120 160 200 240 280 i3 40 B0 120 140 200 240 280
Bridge Length. m Bridge Length, m
(a) (b)
(@) nthEol=3m, (b) nthEol=bmel 7Z-)
% 26 ZAae] FAAT L A

10 -



7Hz ARA
Al 7 e WER

(@) wthEe]=3m, (b) wthEol=5mel 73-%)

09 2.7 FAYERS ARTA E AR

=
=

S S,

_11_

o ”\ % & "\ . "
55 % 55 . %
50 \ =% S0 \ N
45 AW % 45 \\ %
- \ \ h \
B0 s [\ g o= AN\
g[ 51 cnmmm \ \ A g3 idered \ Y
- 30 e 8 3 L
; 25 \\ Ly E s \\ \
/] [ 5]
W == mnean A . = g HPIL0>110 ¥ —¥—
15 —HPTEIE5 . S 15 — HPISOAES R
10 53 1 10 HP200+53
1 5
oL P W o - L L 4 |
[i] 40 B0 12 160 0 240 280 0 40 B8O 120 18D 200 240 280
Bridge Length, m Bridge Length. m
(a) (b)

el 4ARE 1Y 2 AR TR}
(BAHE 9o dug o s 1A A4
267 2.79 W=2H ZuwE 200m, Y EnE 260m
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Hele] e HZ 300m7HA A §H5
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90m= A gkstar At

il
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350

(DOT/MOT Bridge Design Manuals, 2014)
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HZ &G AR - 300m AR 71

HY 53 Zads “—% /\}%Q 7%, 150m olt= A RsfAs o

SFA] ¢k, 150m ©]/d2 Elastic dynamic analysisE AF-&38te] A7

WA ZpREeF A ARZ 30° o] &)

AF 8l

A Z3YE HEsYH 38

HESH B Ak Atolol 27| 6mm#te] PE Sheet A3

AESH B W& A FA 28 FID16)o2 A

22 S A

g 98] wo) FFEe] 15cm fE3d A

W 7|2 HE 53 Z2dds(ShelDw &

FH A& D5 ol
e Minimum Length, (m)
Pile Size Clay sand
HP 10 9.0 75
HP 12 105 75
HP 14 12.0 9.0
CFT 14 15.0 10.5

o F& 80cm ©|%

o THELS woe 60cmo]/d wl g E ook &
At ] YA Fe 55cmeld mi
ThF A wE A A

(@) ¢l ol}=(Indiana Design Manual, 2013)

FTZE 0 95m
FEIYE FZE : 125m
AgtzA Bog 7 wE@e RS 1HT A4S 3 sho

A8t of 3

BEH PG A 30° o]}

WAMAE A0 BTk (A ATE HESA 29
ool e Ha A

AT 9e

AF g

o) AA&e w57t Fn el & H(compacted A&
AEE AT

A% 2Tm7HA] 7B EE0.3~0.35m) A

A% 27~60m7MA] HE 53} 733 25(0.35m) &8

A% 60m~125m7kA] HZ S 314§
Semi-IABo] s 712829 A3 ¢S

woje] e e WaAe e

Steel beame Ab&-she= 7ol = gz (lead plate)©]
X =3, wt) capFol boltE FAHATH

o]z (lllinois Bridge Manual, 2012)
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3 FZE: 90m
ARz AW A3z EIYE FZE : 150m (cast-in-place)
180m (PSC)
A2 A 20° °]3P
=4 AYHE AHESHA 9= 79 curved L &
A WY AekzA AEE AE HPsle ok ?ﬂl‘/‘r
HE SYHE ME HIY.
FE W) Abele] T ANE S%E AT
2= 9 o] e =
A& 25mE 295lE AR ET £2mE 298tE 238 E
H&EEY R TEREo AX
AE&Lg B e} uk Atolo 2749 4-6mmA2] PE Sheet A%
T ANA AHE
HAA = A Q8 2B A X
A vl A F8
HETE 10%42, 12*53, 14*73, 14*89
Sl wo) 0.3~1.5m o] wjdEojof gk
7] Z(AB) ) ol sl 12cmE 2% A T5& ASEE o
o) o5l 2emE 2% ¥ A UE QHEES 3m HIT
T &3 2y AR
KA wo) wEF gisiAE Z1=g A9 A e
S Atzbol 20° o) A nd Fol= 3.5melste ok 3
o F Ax w3 Aa s
i = Tennessee, South Dakote, Missouri ¢} B FE&
A7ZEO0m), EIYIE TEE18M) 71FS AHEET S

() |

¢13 (Maine Structures manual, 2014)

S EA A ) wFF : 100m
HHAA W wE : 140m

Azt 8 HAAE Az

DAY woh wFF o AR < 45°
REdA A wf wEF o AR < 30°

A AYT Tbe, 2 W2 B wiA
FEudie G WA

FaTle 2.5%013)

25 9 o] FF g =
HE&ESYH 474 30m o)y A2

AHE&EEUE oY 8A sdbols F9AAE Y AlFolee F
A= A el ~etd 3 15cmfaH X

THEL2 19 WA, wE5EEFo R okEuld

-A7Fo] 30m o] FY A TE JFE 24me AT T B E A

. EE EEL FHaA 6m ol A Y

71 =08 CLPEE3} HEE2 50m o3k A&

S0m o]d2 HE5 A&

REA A wo) wEFe A s 712849 A fls

In-line wingwall &3
o T ‘Flared wall& g3t w2} 28

U-wall type dutzxoz 2 831# E3

S0m olslQl nEFe A= FEEHE BT AE2HAX I
TR A vk Zagle

50m o3l d-¢ AZ=HHA7 8

(d

8- (NYSDOT Bridge Manual, 2011)
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S LAA o) W 135m
A4 o) W

AA A W) W
. ].o]z.“/\l —71;H J—ﬂ_ : /\}
2 AR 7bs, 7
FETHlE 5% o8t

o1 4]

AHE Afolof 27-o] 4mm#A+2] PE Sheet A X

m

B[

il

Ao

=
LBl R R
ol | 2 b o |zl

ND' W

R

[z

o

g0 |2
OE\,

o

o

o

X

R

CILPZE3 HEE S 45m o3} AR
-45m o]’¢-2 HZ 5 A&

EE EHE HL 45m oY A
AP A A wo) wFe] tisi A= 7]23

e
ot
1>
lo
2
ok
32
o

In-line wingwall & 3.6m o]4 X
st Flared wall& 3ol we} 28
-U-wall 3.0mo]d A X]

El

AR AA Ty A =

(e) WA A+ (Design Manual Bridges and Structures, 5th Edition, 2010)

ZATEE - 119m
FETE A AdA% FEIYE FFE : 210mo] s}
177t 44mo) &}
S A2 A ARZE 20° o] &)
Abzy 2 W AE A ekzA 2 AT ALEEA e AS curved i 34
el 5% ols)
2= 3 o|5F A5 8l
HEen AF $le
HAN 2 wof FHAgL w7t £ vhlo] & = =(compacted) ¥ &
© ARE A8
TEL 19 WX, pEYFo s oFEuld
A HZS0 Abg (FAA) 254mm o)
TS 5m oA A
=0l . 4m o]3s}
wojsh wze ey
ST
In-line wingwall, Flared wal, U-wall typeA}l-&
2709 Zel: 3m )3}
TR AR AF gle

() H=E= (Integral Abutment Bridge Design Guidelines, 2008)
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-Z+3 : 105m
FE I EW : 180m

-30°
Azt 8l BEAY A oka FRTE 5% o]
B4 AUE S $E AP curved LY HE

= g o5 AF e
A& n AT e
A& g 98l 7.5em F2Y A

ol md= ofoF <
Z37ko] 10m o)de] oHe T HolEt 3m A= AHHE F
|

o o 270 : Flared wing wallA}-&
[ T ZA7F 10m o)&te] WS Contragtion ZQE Ax
Z7F 30m ©]3te] WL Expansion ZQUE AX|

D
ll
(n
o
e
o
B

= (LRFD Bridge Design Manual, 2007)

733 90m
FEIEEN ; 120m

Atz g HHAE A okz -30°
2= 9 o5 A A=
- A%Fo] 30meolstd A9 X
HEsgr A% 6.1mol3} -7 H4 0.23m
AH&EEHEY FEEHRE BGEToR A4
A= A s
mrEo b el s
N 2(AB) ZEL?:: IﬂOdEH o) ~O'775£O] d i uﬂj"]ﬁ g
LES 19 WX, usHFge R ofFud

-2 o : 1.2m~3.6m
WA FA 0 0.6m ©]%

ST o . 3 R
return E7/0H-2 A3} ¥
et e oA AY HZD19e R AT
o FE Ax "k A ge

(h) ] AIZ+ (Bridge Design Manual, 1999)
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LA 2
T HE A 2]
0° 30°
FETZE P AGAR pAST] 90m 45m 135m (max 30° )
ZIgEnW 150m 75m 225m (max 30° )

Azt gl SEHAE A k= WA A AL 30° o]st

25 9 o]5FF e A=

HEsya A5 8le

RSPAIR-S -Expanded Polystyrene (EPS)AF&

7] Z(AB) S-S 19 MR, SR okEuld
-woj¥Ee] : 5melst

ST S 278 ZAo] ¢ Straight wing - 1.8m ©]3&}

U-wing - 2.4m ©o|3}

FERRCERE

2

faw
=R

o

() HA Yol (DESIGN AIDS AND TYPICAL DETAILS, 2010)

Steel I-beam, PSC beam, Box beam, NEXT beam, con’c slab %+
A&7k

AtzE gl HHAY A k= AF gl

2= ¥ oFF A5 A=

A&EHgn A5 A=

A2 AF el
HP10 %57, HP12x 845+ A+-&

7] %(AB) S el 0.6mo)id wglE o]k 3t
BE THL 4 3mold A

T A 8ls

RO F X A5 A=

() W AFS=Al== (LRFD Bridge Manual, 2013)
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(k) W)W 2EF3 (LRFD Bridge Design, 2007)
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L.MJF
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& (7 & @ & o W g 5
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5 N
B | 2
x =
X o s
) X
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_ B ) a S 7
¥ | % | o= | T = by
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() ZUElA S (Bridge Design Manual, 2011)
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(m) Wulch3= (Structures manual, 2008)
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Ell
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= X
o ¥
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(n) FZ == (CDOT_Bridge_Design_Manual, 2012)
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ox
4z
-
N
ofl
1>
1%
Y
ol
rg
o
e
ojl
1504
o

o

SEHZPGAA Az 30° ol
Az 8 BEAY AlerEa =EUAR) : 360m o]
2N AYS AHEEA 29 A curved T &
o5 9 o3 dF WE
Hen AT eREEUne} WA m Aol 25e] BE nzolz) A

A% 7oh A A A
Y-S E3stE 7.5cm 3@ A3
7] Z(AB) e 19 WX, mEdero 2 okZud
T JULE G

o 7}%53H U-shaped o) A&
-] Z : 0.75mel %
EEECER S o= wE

(0) £¥ 7% (Bridge Design and Drafting Manual, 2014)

A 10154 ¢ 50-70m A&
@A 95%7F 100m o]t &

AzF 2 He e AokzA ';TL-%Z}ZT%WJOHA‘] ARZE 20° ol &t

AAA 2 200 o) Ths

25 9 o3 AT e
A& n 27 B 05m H DA A

oo FHAA S vl F3 o] & = &=(compacted) F A

A ARE AL

- A 12 WA, LEPFOE ofEu
71 2(AB) He =g Abg °°

-adlsEe] ¢ 1.2m o3t

B
w 7 gm ol
wow AR W A7 e
W o CCI} A ol 4

(p) ¥ ELF (Canada, Guidelines for Design of Integral Abutment, 2007)
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&% 150mo] s}
24
FETE A AAA - Steel girders with concrete deck

- CPCI girders with concrete deck
- Prestressed box girders with concrete deck

) ] W E=RA ZH}akol| A AFZE 35° o] E}
ARz 91 B S oFzA W0 =
12t 9 HAAE Az Zou)E 5%0] 5}
L% 9 o5 W W
A&EEY B dH fle
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(q) 2€lg] 25 (Canada, Integral Abutment Bridges Manual, 1996)
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PRESTRESSED

CONCRETE RANGE STEEL GIRDERS RANGE
GIRDERS

MAXITMUM SPAN MAXIMUM SPAN

Full Tntegral 60— 200 Full Integral 65 - 300
Senu Integral 90— 200 Semi Integral 65 - 200
Deck extensions 90 — 200 Deck extensions 80 - 200
Integral Piers 120 —-200 Integral Piers 100 - 300
TOTAL LENGTH TOTAL LENGTH

Full Integral 150—1175 Full Integral 150 - 650
Senu Integral 90 —3280 Semi Integral 90 - 500
Deck extensions 200-750 Deck extensions 200 - 450
Integral Piers 300 —400 Integral Piers 150 - 1000
MAXIMUM SKEW MAXIMUM SKEW

Full Integral 15-70 Full Integral 15-70
Senu Integral 20-45 Semu Integral 30-40
Deck extensions 20-45 Deck extensions 20-45
Integral Piers 15-80 Integral Piers 15-No Limit
MAXIMUM MAXIMUM

CURVATURE CURVATURE

Full Integral 0—-10 Full Integral 0-10
Semi Integral 0-10 Semi Integral 0-10
Deck extensions 0-10 Deck extensions 0-10
Integral Piers 3 - No Limit Integral Piers 0 - No Linut

¥ 260 =" A LA A (Full Integral) n &2 45~350m(150~1175ft), ®FY A 2] (Semi
Integral) w = 27~1000m(90~3280ft)¢] & 4 £ 3Z(TOTAL LENGTH)E YEHIL ATt
THA A AHEHI e Ho i A%l Bls) 3~4ufo] o] E Kol glom o]}

22 e FAC wet T dAY wEE el 7hed Aew AdHT
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Soil types:

A P

Loose Sand Medium Sand

200
500 1

Girder

Abutment Pier

Piles Piles

ey N

e

22222222233,

(@) Agho] &
(Cheng Lan, 2012)
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Optional Type A
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%" EMBEDMENT || | DIMENSION "A" AT € BEARING
e \ \
i

(OAK BLOCK) SEE "GIRDER
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A EE Foto] AT WY S Adeln 1 AnE ® 580 dehuck
F 58 W WFSRRE AT S (D9 ¢ kgloi )
s A3 FUH At 42 A5t
A%
10 km/h 30 km/h 10 km/h 30 km/h 10 km/h 30 km/h
G2 -9.45 -8.40 -8.40 -8.40 -7.35 -7.35
G3 42.00 36.75 19.95 21.00 13.65 13.65
G5 95.55 90.30 56.70 97.75 40.95 40.95
G6 97.65 97.65 61.95 61.95 37.80 40.95
G9 9.25 6.30 12.60 12.60 32.55 33.60
G10 52.50 57.50 105.00 105.00 127.05 128.10
Gl1 37.80 39.90 70.35 70.35 94.50 91.35
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3% Astol @ FAASE E 5990 el gk
59 AP SHY e P FAAF (B9 we)
a5 A3 U4 A3 A5 A
AETE — o —
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G3 20.0 17.5 9.5 10.0 6.5 6.5
G5 45.5 43.0 27.0 27.5 19.5 19.5
G6 46.5 43.5 0.00 29.5 29.5 0.00 18.0 19.5 0.08
G9 2.5 3.0 6.0 6.0 15.5 16.0 0.03
G10 25.0 27.5 0.10 50.0 50.0 0.00 60.5 61.0 0.01
Gl11 18.0 19.0 33.5 33.5 45.0 43.5
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