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Estimation of Live Load Moment for Concrete Unfilled Steel Grid
Deck Using Main Bearing Bar Distribution Factor

ABSTRACT

Because of the different flexural rigidity between longitudinal and transverse direction, orthotropic plate theory may be suitable for
describing the behavior of composite deck. The ratio of flexural rigidity between longitudinal and transverse direction affects the live
load moment. Because of the ratio of flexural rigidity of concrete unfilled steel grid deck has a direct relationship with main bearing bar
spacing, it is concluded that the study for the distribution factor which is effected by main bearing bar spacing and aspect ratio is needed.
In this study, evaluate the live load moment of concrete unfilled steel grid deck using the AASHTO LRFD Bridge Design Specification
and presents the distribution coefficient equation for concrete unfilled steel grid deck.
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Fig. 2. Dimension of Unfilled Composite Steel Grid Deck
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Fig. 3. FEM Modelling

Table 1. Element Type and Size

Number of
Element type
Model elements
ID.  |Reinforced concrete| Distribution bars
’ M | QTS4
deck Main bearing bar HX8M | QTS
Mesh 1 HX8M QTS4 43,200 {31,960
Mesh 2 HX8M QTS4 14,400 |17,710
Mesh 3 HX8M QTS4 8,640 14,420
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Fig. 4. Sensitivity of Modelling
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Table 2. Measured Strength and Analyzed Strength
Type Measured strength® Analyzed strength®™
ID. Allowable (tension) Yield (tension) Breakout Allowable (tension) Yield (tension) Breakout
151.6 250.0 322.0
Load (kN 163.3 275.7 338.6

oad (kN) (7.16%)* (9.32%)* (4.90%)*
*|(b)-(@)l / (a) (%)
Concrete unfilled EqS (2) (3)01] -’]6]' H] 7(4 7J—B_L}\:’ H]'D]-’L]_ %01?_ %
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Table 3. Dimension of Exodermic Bridge Deck
D, D Concrete (mm) Main bearing bar (mm) Maximum girder spacing
(D¥Dy) | Thickness (ST) Spacing (S) Size (WT) (HxBxT) (bridge) (mm)
1 ST88.9S200WT4x5 8.29 88.9 200 100x100x7.5 1,860
2 ST88.9S200WT6x7 23.47 88.9 200 155%155%10.5 2,682
3 ST114.3S200WT4x5 5.61 114.3 200 100x100x7.5 3,566
4 ST114.3S200WT6x7 14.74 114.3 200 155%155%10.5 5,394
5 ST88.9S250WT4x5 7.27 88.9 250 100x100%7.5 1,371
6 ST88.9S250WT6x7 2091 88.9 250 155%x155%10.5 2,042
7 ST114.3S250WT4x5 4.93 114.3 250 100x100x7.5 3,261
8 ST114.3S250WT6x7 13.08 114.3 250 155%155%10.5 4,876
9 ST88.9S330WT4x5 6.13 88.9 330 100x100x7.5 2,377
10 ST88.9S330WT6x7 17.92 88.9 330 155%155%10.5 3,474
11 ST114.3S330WT4x5 4.18 114.3 330 100x100%7.5 2,926
12 ST114.3S330WT6x7 11.15 114.3 330 155%x155%10.5 4,541

ST(D)S(Q)WT(®)=D:Concrete thickness(nm), @:Main Bearing Bar Spacing(mn), (3:Main Bearing Bar Size

Table 4. Live Load Moment Ratio

Live load moment ratio
ID. D (DJ/Dy)
AASHTO-LRFD (Egs. (2)~ (3)) FEM
1 ST88.9S200WT4x5 8.29 1.14 0.65
2 ST88.9S200WT6x7 23.47 1.40 0.68
3 ST114.3S200WT4x5 5.61 1.06 0.62
4 ST114.3S200WT6x7 14.74 1.28 0.61
5 ST88.9S250WT4x5 7.27 1.12 0.87
6 ST88.9S250WT6x7 20.91 1.37 0.82
7 ST114.3S250WT4x5 4.93 1.03 0.75
8 ST114.3S250WT6x7 13.08 1.25 0.75
9 ST88.9S330WT4x5 6.13 1.08 1.02
10 ST88.9S330WT6x7 17.92 1.33 1.04
11 ST114.3S330WT4x5 4.18 1.00 1.00
12 ST114.3S330WT6x7 11.15 1.21 1.01
130 79 vl ke mHE s AwE Table 40] afs) T ormm e
9o Table 49 AFEZ Fig. 79 Atk o O From FEM Modeling
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Table 5. Main Bearing Bar Spacing Effect

Main bearing bar spacing| Maximum girder spacing Live load moment ratio
ID. D (DyDy) .
(mm) (bridge) (mm) AASHTO-LRFD FEM
3 ST114.3S200WT4x5® 3.84 200 3,566 1.06 0.62
10 ST88.9S330WT6x7® 4.84 330 3,474 1.33 1.04
[(b)-(@)]/(a) (%) 6.78 65.0 2.57 25.5 67.7

Table 6. Range of Applicability of Egs. (6) ~(7) and Size of Exodermic Bridge Deck

ID Range of applicability of Egs. (6)~(7) Size of exodermic bridge deck
Girder spacing (mm) 1,100~4,900 200~330
Span length (mm) 6,000~ 73,000 1,371~5,394
. . 4 7 8
Longitudinal stiffness (mm") 4x109~3x1012 5.9x10"~1.4x10
Slab thickness (mm) 110~300 88.9~114.3
600 1000 600
A = -~
/ : -
ST88.9S200WT6<7 | 200 4 >~ - \
Y T~ L
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Table 7. Stiffness-Related Main Bearing Bar Distribution Factor

o
o

For

oI/, S=FAY 148, L=k ARVY, K= S A,
twhe )

Egs. (6)~(7)9] A8 7Fs W= At HA(S) 1,100~4,900
mm, A7FHL) 6,000~73,000mm, n3F F3F ZFJ(K,) 4x10°
~3x10"”mm", vl $70(t) 110~300mmo]t}.

sh, e AR vieRe] sk AlgE ARk sl
Table 3¢] Exodermic bridge decke] #|¥9=} &2 Arjald)
Z8E= Egs. (0)~(7)2] 218 7Fs IS vlash Table 6532k

Table 3¢] Exodermic bridge deck2] #|91& Egs. (6)~(7)]
A& 7Fs el AL Z3HR] 2= 2102 Table 604 vERfaL

ID. Main bearing bar distribution factor Ultimate strength® | Final moment® | |((b)-(2)/(a))| (d)/(c)
DFogn™ DF o™ (kN'm) (kN'm) (%) (%)

1 ST88.9S200WT4x5 0.225 0.225 28.9 74.8 0.0 258.8
2 ST88.9S200WT6x7 0.237 0.242 67.4 107.7 2.1 159.8
3 ST114.3S200WT4x5 0.214 0.214 45.6 92.8 0.0 203.5
4 ST114.3S200WT6x7 0.211 0.211 81.9 170.2 0.0 207.8
5 ST88.9S250WT4x5 0.3 0.300 30.8 86.4 0.0 280.5
6 ST88.9S250WT6x7 0.285 0.289 71.2 132.6 1.3 186.2
7 ST114.3S250WT4x5 0.26 0.258 38.8 102.0 0.9 262.9
8 ST114.3S250WT6x7 0.26 0.260 85.7 139.6 0.0 162.9
9 ST88.9S330WT4x5 0.352 0.349 34.7 80.8 0.8 2329
10 ST88.9S330WT6x7 0.36 0.357 81.1 155.8 0.7 192.1
11 ST114.3S330WT4x5 0.346 0.345 43.3 101.2 0.4 233.7
12 ST114.3S330WT6x7 0.348 0.348 953 195.1 0.0 204.7

Table 8. Difference in Main Bearing Bar Distribution Factor

Main bearing bar distribution Factor (b)/(a)
ID. @ (b) )
FEM Eq. (6) (%) S 036 *
E R-squared=0.55 3%
1 | ST88.9S200WT4x5 0.225 0.357 158.7 g S ,
2 | ST88.9S200WT6x7 0.237 0.344 145.1 E 050 7
3 | ST114.3S200WT4x5 0.214 0.281 131.3 8 - /”
4 | ST11435200WT6x7 0211 0.266 126.1 Z *
E ) %
5 | ST88.9S250WT4x5 0.3 0.448 149.3 E 0284 e
6 | ST88.9S250WT6x7 0.285 0.428 150.2 § s a,;r//
7 | ST114.3S250WT4x5 0.26 0.324 124.6 El 0244 ,// «
8 | ST114.3S250WT6x7 0.26 0.308 118.5 g o 3
9 | ST88.9S330WT4x5 0.352 0.432 122.7 é 4 G’f)F(ka[o_ﬁg_ GDF(AASHTO LRFD)[+0.03
10 | ST88.9S330WT6x7 036 0.416 115.6 T o om 0% 0w 0w ons
11 | ST114.3S330WT4x5 0.346 0.390 112.7 Main Bearing Bar Distribution Factor (AASHTO-LRFD)
12 | ST114.3S330WT6%7 0.348 0.365 104.9

Vol.34 No.6 December 2014 1673



skeaHl AE A8 v

o], Egs. (6)~(7) FeiE v A vkl A8317]
I3l A ¥1Ed A vieske] sl Alee) Egs. (6)~(7)
ol Sfet skl Alre] ARRPIE sl @ Zlo 2 v
t}h. DB-24 2hg3l59] Hlolo] FAHaS aejet )5 A9
wietel 14 sheRu) A2 Fig. 89) elshsick

ulde] sh wge) wla ek vike) 2 sk sl
W] A4} B8] 27 Sl A02 Fig, 84 e
3101 Fig. 8ol] B4 szl Ao} w3 2] vleale)
S8t A=E v|alste] Table 7o A7l Stk

Table 72] ‘Ultimate strength’<= W[ W} v} f8Zo] 2t
ZIE v PAe] o4 SebdEolal ‘Final moment’ &
HIAE sle] TEH AR Fokl BHERA o]FF Ste
2] 159.8~280.5% <=0 2 Hrhei} 1o upE slEEu) Al
W3l HAee Y 2.0%=E w9 vkt Ao UERTEH

o], DB-24 44| 3152] % % 96kN 2k&-A]9] s8] A4
(DFosin) & HIZR 7339 viest S3H3= 4] 714 A4 7Fs
8 Aoz gekeck

Exodermic bridge decke] A|7F3-2 1,371~5,394mm= A
2 1xel] Z8-5= Eq. (6) 218 A<} Table 79] slaa)
Ae] A5 BAE Table 8¢ 28Tk

Eq. (6)2] 2 7}s %)} Exodermic bridge deck<] A|¢1¢]
ztole ofte] EEE Av|ule] slERHl AlrE AP Eq.
(6)2] 218 Ave} ke Asliel 2Js) =Z% Exodermic bridge

S 036 3
E R-squared=0.98 7%
) £ ):f//
— )
Q e
9 e
< ’
= 0321 i
= ’
2 s
b= S
:e //
St e
Z 028 e
o P
— ,
3 ot
2 4
e
g 0.24 %
3 /
aa) P
£ §
s - GDF(FEM)=[0.89- GDF(AASHTO LRFD)]+0.03
= 020 I( D=[ ; ¢ = : )]

0.20 0.24 0.28 0.32 0.36 0.40
Main Bearing Bar Distribution Factor (Eq.8)

Fig. 9. Main Bearing Bar Distribution Factor of Eq. (6) and FEM

Table 9. Main Bearing Bar Distribution Factor of Specimen

A e s malE A

2L

0

decke] BFs] Ale] & Aot WASHE 210 R Table 8ojA1
UFeRgiC.

Eq. (6)2] 006 F7T] 17e] wlasjalse slEgn] A5}
‘0°0] =7 &+ Z& Wk 9lom ‘S/4,300°
A s Alee] A8AQ0 BAE vhedsial JIvh(Cai,
2005).

Table 82 w31 wlol vl 1FAF sla-2ul Al=] 7iEka]
Y A & vlEo = vigd g nigste] skeel Alg
& AR We 2 Bq. () 2ol mEdIslon] f3kas oy
3} Eq. (8) Fgol <3+ a5l A2 Fig. 99l Felslsich

-+

Case A :0.5S Case A :0.5S
Case B :0.4S Case B :0.4S
Case C :0.3S Case C:0.3S

Fig. 10. DB-24 Loading Configuration
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Fig. 11. Total Live Load Moment

Table 10. AASHTO-LRFD Factor

Main bearing |Main bearing bar distribution factor
bar spacing @ ®) | [(b)_((;))]/(b) | Load f Impact Multiple presence factor
a oad factor
(mm) Eq.(©)] Fq.@®) Measured ° factor one lane | twolanes | three lanes
250 0.355 0.277 0.270 2.6 1.75 0.33 1.2 1.0 0.85
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Table 11. Live Load Moment
ID. Girder DF Ml (kKN'm)
spacing(mm) (Eq. (8)) Case A® Case B” Case C*
1 ST88.9S200WT4x5 1,860 0.237 354 244 24.4
2 ST88.9S200WT6x7 2,682 0.234 65.0 48.0 35.0
3 ST114.3S200WT4x5 3,566 0.207 81.8 62.1 43.5
4 ST114.3S200WTo6x7 5,394 0.202 164.0 108.4 90.0
5 ST88.9S250WT4x5 1,371 0314 345 23.8 19.8
6 ST88.9S250WT6x7 2,042 0.308 50.4 48.0 28.9
7 ST114.3S250WT4x5 3,261 0.263 94.9 65.5 47.7
8 ST114.3S250WT6x7 4,876 0.257 167.5 118.6 91.2
9 ST88.9S330WT4x5 2,377 0.375 92.5 68.1 49.8
10 ST88.9S330WT6x7 3,474 0.370 142.1 107.9 75.6
11 ST114.3S330WT4x5 2,926 0.355 107.6 79.3 57.8
12 ST114.3S330WT6x7 4,541 0.344 208.5 139.0 113.5
Muain Bearing bar Distribution Factor = 5.82
[ﬁ]txg[%]o.ls[ﬁg 0.05 ®) ) o
! Lt 2 oo B vie 99w

Eq. (8)¢] gejAxe AES)] 95l Exodermic bridge deck]
AlAT} ol AldE 7HAHA A HA 3 Ad-do] o]Fol
A@A(Fig. 2)¢] 34 sl A} Eq. (8)9] 28 d3=
H]wEke] Table 9 A& 3FITHKim et al., 2008).

Table 95 2HE, Eq. (6)°] &I3F A1AA|S] sl Alr=
0.3550]3 Eq. (8)l] 23k sl53nl Al 02772 24 2349
shstHl Al 0.2707= oF 2.6% A&=e] Apolrks: Holal §lo],
4 745h4 vEigle) BelE Rl el Q1o gl vl
v} Ao A el vieke] 4 A il Mol v

SeHow nefshs B (8% B8 T 5 38 A
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o
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ek
Table 32] Exdermic bridge decke] 28 713t AT 7HE&
1,371mm~5,394mm= Fig. 105|419} 7o) Ze2. Aciae] 7A€
g o] Wale}l DB 31z2] A} ks i Wl me 3
3l HUEES 248t Fig. 119 Aelatith

Fig. 11¢] Z gols HHlES= FATIE AFOR She A5HE
o g B o2 283l Avl2x] Table 102] AASHTO-LRFD
Al $4 Al 9 B4 Al Bk A AlE eIk

szl Aol 23k v A visk geks RilE
2Pge SBlME Fig 119] & BHE9} Eq. (8)9] stz Al5E
a2JEA =w 1 Zi= Table 113} o] £2HTh

of

A 2ol H g5k
AASHTO-LRFDS] 93 7t vl 304 vielzhe] #8t5
wHES v)w Bsigon], Sepn Avme] A el mHE
Ao A Gk SERA ASS 018 vIE B Hhel

o135 mylE A WerS At

(1) P53 743g v 2] ek B2HE AFgs 9Jgt BiiId
s AAsien sl Ayt A A 3 A A9s
FeF o2 Ridsle Fo R et

() w1 wlokg vl xFAe] FEIA| { Zddnlel aefEks vlEH
7 vige] 4] Eels RHlES} A3 vl A
a1z ZHE 4] 2-8-5= AASHTO-LRFD 7|&3h=
golst Ay BA Ik

(3) sl Ao Hal} uxdE fekald siidela BajEge
U 2 A5t v ol DB-24 A7) 815e] & 31% 2R
Bl AlE vER A3 uheet S8 A 1S 744
A 7Fs g Zlo 2 YRt

(4) AASHTO-LRFDS] alz3tn) Al AP 2ks 283 ved
73 vrese] Sl Al 2PgAE ARbet e, ek
A P87 v AR 27k e vl & 2l
Eo} 3l A2l ol vISH A4Rd niEte] EelE
HHE Lo 7hsst Ao R wekErh
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