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Analysis of PSC Box Girder Railway Bridge and Design of
its Diaphragm using Sturt-and-Tie Model
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ABSTRACT

The functions of diaphragms at abutments and piers of PSC box girder railway bridge
are to transfer forces from the superstructure onto bearings or columns and to stiffen the
superstructure cross-section against in-plane deformation. Due to stress disturbance at
diaphragm, the design for the diaphragm using conventional design method is relatively
irrational than those for other structual members. And, due to contribution to boundary
condition of deck slab by the diaphragm, the behavior of deck slab near the diaphragm is
different from that of the deck slab obtained from two dimensional analysis of the bridge,
which is basis for the design of deck slab.

In this paper, three dimensional behavior of deck slab near the diaphragm of
prestressed concrete (PSC) box girder railway bridge constructed by the precast span
method are analyzed by using three dimensional finite element modeling and using the
strut-and-tie model design of the diaphragm are presented.

The modeling techniques used in this paper can be applied effectively to examine the
causes of cracks at deck slab near diaphragm and to design diaphragm rationally.

Key Words : Prestressed Concrete (PSC), Box Girder Railway Bridge, Diaphragm, Deck Slab, 3D
FEM, Strut-and-Tie Model

1. ME

Z2EYLE ZAYE ¥r2AT (Prestressed
Concrete © PSC) dE=w ol 2132 e 9HA
o) dgy EAL Hfddols] Wi HEY
285 WY, A oig §734800 AA
0m~70m o] A7g Ze ¥ § HEY

o oMdism ES3ED, 20e
* HMdistn ES3EN, MADE
*OgEY HMdED ESTEY, Be

30/ stREHEStE =2&/ W12/ W15/ 19984

2 ol W 2 APHLT T 4 Ut
me4 Had Ee 22YE 2Fe A7
o Bolel e Yiio] TPAEYrE B
age wxAY 2%z AT Ao 23
2E WaAAY ZYold 134 AREAR,
PSR, Arol FgHE ARAZL Ho)
Yot 7o) W, WEYLE A% P
% Wd AYHFEE e 2AVAE



PSC St AT

ETuT oA X AES -

A
=

E{O| P guo) |t Zyese a1

(Diaphragm) 2t §tt2)

ol utAAY wge &PH HAZ) Al
AX AR 909 SEe AYE A
oste EejB o] ARzl EtA 33U AF
g A HEZ 2xdsY S 8 dA=2e 4
A ASE NFT AFE HAE 3717} oY
agnz olyd 3ad AFE e AYY F
9 Y H thate] 3xd 2P & )Y

¢ B8t ST Ue LA A% 9
B71E A8 AFE EYshe AL % 835
th4) &, PSC BtAAT 239 A2 s
Efdel o3 Add ATl 4y @
H Fgol E944E AUX Jerne Yy

[e)

54| Aya4YE A

A

2g 77 345
PSM(Precast Span Method) 3'38)-&
TE 2F AT A2 ALHA AFE
mA l ZHLE MIUEE EFUrt &
l—‘-El“i AASHE obdgt Al

E AaHEE HAT EFday
}"3 e E A o AP g
—1?_ AA7E Basit olg A8l & dFe
M 3 & AFHE WAaAY F=aF
of thate] 3 FAEY 2dPe 53
AHE T SPB AFE Y3l 2EF-

Eto] 2do] o7 AuRo HAE FYsAch

B _\‘5,:5{7 QJAElx] o7 __5'_ -3
HPE SREE AV 8 VAL 2L psM MANH HEDY
¥ A3E JehEE o]l& 2% AME A4
dhdlo] MR AAolr}s) WM HEHo=Z A1Y R FE PSMOZ A FH e H&
$eo) RPY TR U@ pRsEMx AU FxRFoZ 1370] 2BmolR Fo] 14m
HYEE e A PHoEA £9E ol 2 U247 94 P43 3737 d5m YYo=
E 8)-g}o](Strut-and-Tie) 2do]t}6),7) gl £ b PSCx 3 gog Zuhgl "dio] I
} 250000 _
o D £ 4000 4.0000 4 Jiedd *
‘ B P
= = e
= EE =t
it S AT .
i L i - I : 3 i
'I? : (,; : ‘:
i Eod b 4000 40000 6 40 -
[V

60|

4Y3.620 (10 holes ¢ 0.10) i

3610

Fig. 1 Longitudinal Cross Section

&l Hi13 H15/19984 / 31



o 14 000
; .
L i P 0500 055 20 225 0STANED | SR ;
e l L X CIE TN
i
i R —— 1 . [ ' 7
D s | = 1 Ll
. = ; wl -+ T [ S M
o N . " .
. “ B ) [ R R
U S } S | o~ o - | L_._w
[ Bt [ ! |
. "'\‘..'“ w l . ¢! !
Lt ¢ o [
4w - = / :
VoWt i [ .
) V "‘. ‘\‘ i 1 796 __l R
! \ (S SO 1 S N I qo
'z - ‘
% i 250 i1
{\{ e b g 13 0 i)
i ]
;

Fig. 2 Lateral Cross Section
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Table 1 Material Properties
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Materials Properties
Design Strength o 400 kg/cm?
Concrete Elastic Modulus Ec 280,000 kg/cm® <
Unit Volumn Weight Wc 2,500 kg/cm”
Poisson’s Ratio v 0.2
Ultimate Strength of T15( ¢15.2m) strand Pu 26,575 kg
Jacking Strength P; (75% of ultimate strength) 19,000 kg
Elastic Modulus Ep 1,979,592 kg/cm®
PS Strand Poisson’s Ratio v 03
Anchorage Slip 7 mm
Wobble Friction 0.004 mm ™!
Curvature Friction 0.3 rad !
_ Yield Strength o, 4,000 kg/cm®
Steel (SD40) Elastic Modulus Es 2.04x10° kg/cm®
Allowable Stress ¢, 1,800 kg/cm?




PSC A HO

EruB2Aois $ A

Efo| P Euojf 2Ot HH] E A

oz @ Raoltt

o4 2% feas AN 9d 329
A2E slod ez A2dES HAY

Ao 215m«l EZYY 35d dE g B
He otz 7S 147 dexd st
A st Fig. 1€ 314 did 479 FUUE
o|Z, Fig. 2& s14 Wi 7478 Jeuieolth

W3R ABENS Tabe 13 e £
RN 22 2714 aEQ € s E
d98 35 Fig 3% 2tk ol ¥ ARS4H
3E2 33 FEassdd Hedd.

25.5%0n 25.5ton 25.5ton 25.51on
Sacikal B B Iavhsn
(!o.s‘ 6 ] 16 ) 16 L)q

Cedum Iengfh l

a) Longitudinal Train Loads
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b) Lateral ‘Train Loads
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¢) Longitudinal Trailer Loads
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Fig. 3 Train Loads and Trailer Loads
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Fig. 5 Bar Element and Prestressing of Tendon
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Fig. 7 3D Modelling Longitudinal Cross-Section
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Fig. 9 Principal Stress of Lower Side
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Fig. 11 Principal Stress of Cross Section Tangential

with Diaphragm

Pincipal sirese concentrstion

Fig. 13 Principal Stress in Downside of Deck Slab
near Diaphragm of Deck Slab near Diaphragm
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b) Trailer Loading

Fig. 15 Finite Element Analysis of Diaphragm

a) Tensile Stress Contour

~ b) Compressive stress Contour
Fig. 16 Stress Contour under Train Loading

a) Tensne stress Contour

b) Compressive stress Contour
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Fig. 17 Stress Contour under Traller Loading
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a) Train Loading Case

b) Trailer Loading Case
Fig. 18 Strut-And-Tie model
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Table 3 Member Force of Tie under Train Loading and Trailer Loading

Upper Slab N 44 100.2

Train Loading T2 558
Lower Stab 13 14.9 14,9

T1 5.69
Upper Steb 59 49

Trailer Loading T2 538
Lower Slab 13 133 133
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Table 4 Comparison of Reinforcement by Strut-And-Tie Mode! and by Designed Renforcement (Under Train Loading)

Reinforcement by Strut-And-Tie Model Designed Reinforcement
Slabs Yield Strength Member Totat Area Type of Area No. of Total Area
(kg/am’) Force (ton) (am?) Bars (am?) Bars (cm®)
Upper Slab 4000 100.2 H22 3.80 10
Lower Slab 4000 149 H22 3.80 10

Table 5 Comparison ot Reinforcement by Strut-And-Tie Model and by Designed Reinforcement
{Under Trailer Loading)

Reinforcement by Strut-And-Tie Model Designed Reinforcement
Slabs Yield Strength Member Total Area Type of Area No. of Total Area
(kg/am®) Force {ton) {am?) Bars (an?) Bars {cm®)
Upper Slab 4000 59.6 3.80 10
Lower Slab 4000 13.3 3.80 10
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