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Coefficients of Moment Equations for Long-Span Soil-Metal Box Structures
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Abstract

This paper evaluates the moment equations in the 2000 Canadian highway bridge code (CHBDC) for soil-metal box struc-
tures, which are applicable to the span less than 8 m. Finite element analyses carried out for soil-metal box structures having
spans of 3-12 m using the deep corrugated metal plates under three construction stages; backfill up to the crown, backfill up to
the cover depth, and live loading. The coefficients of moment equations are newly proposed based on the results of numerous
finite element analyses considering various design variables, such as span length, soil depth, backfill conditions. The validity of
the proposed coefficients in the moment equations of the 2000 CHBDC is investigated by the comparison with the existing
coefficients and numerical results of finite element analyses. The comparisons show that the moments of the 2000 CHBDC
give good predictions for the span less than 8m, but underestimate for the span greater than 8m, whereas the proposed
moments give good estimates of numerical results for the spans of 3-12 m. In addition, this study suggests the use of high
strength steel to satisfy the requirement of design bending strength for the span greater than 8 m.

Keywords : soil-metal box structures, moment equations, CHBDC
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Kl Azgh Azt
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(Load Case 2) S
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Class A Spacing Class B Spacing

~ ~15by 5.5 in. ~ ~
='§ /(381 by 140 mm) :’E ~15by 5.5 in. ﬁ-g ,~15by 5.5 in.
'-:u'o Continuous Corr. I;.o (381 by 140 mm) .:, o (381 by 140 mm)
w3 /  Stiffener w3 Corr. Spaced Stiffener "X, /  Corr. Spaced Stiffener

= = =
cE 15 by 5.5 in. i —15by 5.5 in. sE ——15by 5.5 in.
o (381 by 140 mm) o (381 by 140 mm) o (381 by 140 mm)
"’E Corr. Shell 3 Corr. Shell "’E Corr. Shell
(@) 762mm AEHHRT JHBH) (b) 1143 mm FER7 (FAH) (©) 1524 mm FER7} (AXH)
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2. C}=8(380X 140 mm) X|SZo| chaix|el

. ©HZ (mm*mm) SEAS (mm*/mm) GH2EHE (mm*/mm)
(—r'n_m) Crown Haunch Haunch Crown Haunch Haunch Crown Haunch Haunch
(Class A) | (Class B) (Class A) (Class B) (Class A) (Class B)
3.5 9.57 7.97 7.17 305.44 254.53 229.08 23 423.12 19 519.27 17 567.34
4.8 13.07 10.89 9.80 415.08 345.90 311.31 32 077.96 26 731.63 24 058.47
5.5 15.26 12.71 11.44 482.76 402.30 362.07 37 465.50 31 238.75 28 114.88
6.3 17.43 14.53 13.07 548.76 457.30 411.57 42 891.78 35 743.15 32 168.84
7.1 19.61 16.35 14.71 616.48 513.73 462.36 48 329.28 40 274.40 36 246.96
H8-20 &31% AR F 3. HS-200 st Px8 MEFe| St MeEUE
o
\\ ~ NG B33 (m) 57} A3 7 (kKN/m)
-~
l = G33H T2 0.3 94.9
T EEED 0.9 52.7
o] (r)/ DAT L5 37.5

A& 4%

A3t (Dp)

T2l 5. HS-20 xfst=el

7} Chang(1970)%] 2=+ =4 (hyperbolic modelyS A8}
Atk o= §AAF AFATE FAEL F58E
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TEEY] FHFOR] AEHR(s=762 mm), BAF-2] -
Class AF-ERE7}(s=1143mm) 2 Class B FE1R 71524
mm)S ANHSAT) & 2= 7o) BAERE T 57t
9] F7hehA (Cumulative section)2 F-83F THEAS YE}
A Ao)ar o]#d A%E-S McCavour et al.(1998)2] A&7
Zo2HE FRIFITt

F15-8 AUt EEEHS-208 17 53 o] 23pe
Z Ak 9] FHESS-S Boussinesq & E/Jo|ES A
g3l TREY] AR $YS SHS Akl 72E
o o] A&ARl 5Vt Ao E XFslglon, ol
3t 30l Exjare] w2} ehhic

4. B7HE B

SRR VATERe SRS e Vo) AaHER 7
e AFe] oplTERelt) e, ojlyEe
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HS-20 Live Loads ‘@
¢ @ . 14 feet @ :
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KK
Backfill to the cover depth
Crown Point

LL-1:(D
LL-2:(Q
LL-3:(d

LL-4:(D+@)

Span (Dy)

J8 6. HS-20 &at=9| 515 M5t =
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AAPFAA o FERIEZ} WA ¥]7] wiEo] CHBDC
oflA= B REe] THIE Alxk QoA HH-el X
o] FHlE Adizke] el T E (total moment)sS -85}
I Aok wEpA, FERessdel] o3t Aest vk RE
9] FAEF] BN 53 FEHE 2ol QJojAe] Fa3h
WHFE EZslarat gt o] wf, XKk A4 v s
of thdt CHBDCS FEHIE Aol eldAdS AxbRS
(calculation parameters)®] oA HESE] $8) S|t
T2 A7te] WM s-12mE FAsR] L3k

X =
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4.1 7|51y, =23 SIS
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Gl ANkAEE AAPdE (VB EEkA] A A
DRl thigt St dEle] ok e A AlEE
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Maximum Moments (H = 0.3 m)

300 — N Single LL on Crown (LL-1)
a Single LL on Haunch (LL-2)
o Tandem LL on Crown (LL-3)
i <> Tandem LL on Crown and Haunch (LL-4)
]
Zg 200 a
& A o
ey <
S r o
E :
= 100 A o
> o
=
i o
0 1 E)I | Hg |U 1 | 1 |
3.0 6.0 9.0 12.0 15.0
Span, D, (m)
(a) H=0.3 m
3 7. HS-20 &slE Ast=
g dake AEsia. =3 ASTMS] 740 weh g
£ 9529 762 mm BA)S, FXFE EA5HQ B
(1143 mm RB7 = 1524 mm B7H)S sk St} o]
gk 7ol FXRE BAskE Rl wEbd @AY, 1)
7} wsks) uhzel @RSt AR el 9T
A R, & O B w30 G 3
o} @A)3e) e Aol s AEsisir.

A S

WEZ} 172749, 12~1.7874] w3l on), vtz s
S 1L1~1.240, 0.9~1. 1812 =1 %J&Fo] mlH|&le] CHBDCE
HHE AxRAA AANSE a3elA] 2 2 Ede}
ol ATE| ek ASTMS] 571 fAF Bt we
SIRHES] xlol= skNo|3lE wf$¢- w|A3dh} 1524 mmY

u GHEe} AXHo] FuHEyl ] RHES BAAT]
g2 B A 1524 mme] BAEAS F8319c)h =
ﬁ_’ :’1 -‘%oﬂ 7}1]— = DuﬂEf-:' ulxgo]_ci -r]z'ﬂo —o*o
A0 CL9OS, B T2EF RFTRES 374
7}7‘& FAE 7mm Tvﬂi A-g3tdnt. 718k fﬂ*‘Oﬂ &l
T2 AT ERES] A 2] SR AledAleA AR
FRAHET} FA H“ﬁoﬁ etz Alstr] AERET} I
Asle], HEF ARHES Zolzit), siARE W vy
e SAlkE ol sl AT FRUETL AA DAY},
g3l At AERET} FA4 BAsH, HF ARHES
T2 BT viE ZA S Hck b, B A

o

rlo

19

J(E2

Folrke vie wapRe] 7SS At
42 =l gnHE 4 =A
B QTolAE PEE A BHES FUF 5 Qe

A e &slE Alsh, Sk :ﬁ(CL90), A7 (7 mm),
AXE BAZIA (1524 mm), S vk 7151AS AEsie]
CHBDC®| EHIE AAAS AES) Bz} gt T3, HS-
20 szl s 28 69k 2ol AT 15ASHLL-
1), QA 1S5ABKLL-2), BT 2FAISKHLL-3), 8372

264 1AM - 20065 1A

Maximum Moments (H=1.5m)

300 — A Single LL on Crown (LL-1)
[m] Single LL on Haunch (LL-2)
o Tandem LL on Crown (LL-3)
| < Tandem LL on Crown and Haunch (LL-4)
—_ 8
g
E
ZI 200 N =l
=<
A
-
S T o
g
o]
=
— 100 —
x* O
e
oy
= [¢)
B 8]
0 1 ] 1 | 1 | 1 ]
3.0 6.0 9.0 12.0 15.0
Span, D, (m)
(b)H=1.5m
20| mME RHE ZX

x| 2wxﬁo}(LL 4)°] Y71A] 75l tiate] Hof 9=
HEY} AR SEAlE) 2AS AES Ryt Evar)
0.3 m8l %Tg} 1.5mQl 75l el sk AxE 1% 7
o] EAlEIATE e A x|3to] dojRle] we} FRHET}
Z7Vhs AgS Holal glow, Evmiel= BAIgle]
AR 1FASHLL-1A 0 280 Fu) ey} 24
o}_L Qoug B A HE4ZQ AAS A8 7K
2 INmES el LL- 1S 283872 gt

5. CHBDC(2000) &2 HIE HAA0IMe] Al Mot

5.1 AIStE BHE AT Ky, k2l Mot

e el AR g FEES THE AW o
3 2}

MDzkl?DerkzﬂH mm)Dh (12)
0471}\1, }’E‘ “':/J\ZH?T E‘l"] 1’4—,14%- Dh}lf TEES 7(]71}, H
= EY3L, Hyir 7559 5]_15451‘{1 0.3 mE eI
A (12)9] 1A AT HLAETD 4y, 7AA9] )
<ol oJg = Ege‘, FHAE HyollX EII7EA] S

2ol oJ% BRES oJuigch. 2e] i PHRSE B
wo] mRlE ‘s_mw $9l gERes Jehia ok 4

(128 HHmSY 5= 718 o mpol dist,
kD, & S pdHo|T, ko, & 7187 B & S
UTE @k, B A Ms 87FA9] A THD,=3.865 m,
5215m,6.165m, 7m, 7.945m, 931m, 10.515m, 12.315m)
o thaled, HZ 03 m, 0.9m, 23 1.5mE, H—Hpyi)
0m, 0.6m, ZZ2]3L 1.2 m)l theh ZHE s FAeiES
B3l Tate] 2k Azl ik siA Avs Ay 71ev)=
8l HAASHS o8, Hilsle] Ao WAgals 78t
Hom, e AZtA Bt okl AlEEE 98% o)/do]
Art.

a7 82 /A Azl thale] ko) 7 yABRS DA
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0.006 < FEA Data
- CHBDC (2000) k,=0.0053-0.00024(3.28D,-12)
— Proposed Line k,=0.0003D,+0.005
\
0.004 —
i -
0.002 |~
0 1 ) ]
0 16
Span, D, (m)
O3l 8. RHIE A5 k2 Aot
01 <o FEA Data
- CHEDC (2000) k,=0.053
|- — Proposed Line k,=0.072 - 0.0016D,,
0.08 |-
0.06 -
) -
0.04 |
0.02 |-
0 L 1 ] | 1 | 1 |
0 4 8 12 16

Span, D, (m)

a8 9. IHE A% kel Het

st e g 3kes YERISL CHBDCOIA ARSSl= k3t
A kol g 348 ZTZ T3 CANDE-895 E3)
3+ FEA Data®} H|nsl] TAET 234 CHBDC
oA ARG gk A7te] FTMl wket Al FhAsie], A7t
o] 10 m& =3 Aol 29 F55 = S 4
Hs ZHsH o 2 deMeE A hS AW
< o], MDAl tS R Bilste] thad) 2ol A
R \= o

k, = 0.005-0.0003xD,, (13)

=3, 28 92 g7kA Azl tisl] k,m; 3 Mpel 7]
2715 ZA 31 79 hgks JERNSISL CHBDCOA] A}
B3l kot ARME kol theh 8418 =273 CANDE-89
2 E3| 73 FEA Data$} vlwdle] T8It CHBDC
NNE ks 0.0539] A2 ARSI, T1del|A9} 2o
A)7bel| wE} g7} AAshe Ade] WasAl Year itk
webd, B Apee Ag LS HARASHE o8, A7t
Dyl bigt 2 Bkl tha2la Zo) At
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300 —

H=09m H=1.5m

FEA Data
| - e - CHBDC (2000)
Proposed Line

o

S

S
|

M,;, (kN-m/m)

-
<@
[

38 10. £ X[ZHf ME AlslE ZHIE

ky=0.072-0.0016xD,, (14)

B AFolA ARFA A ky, kLT A8l T3 B
Al e Alslkeol thek SERIES CHBDCS| &
E Akt g7 17 100] =8I

g 10004 & ARe]l ARE 8 mFIAE ZE
13 CANDE-895 Gl 7% FEA Data®t FAFSH 73
S Holtpy} Aol Fulgdl wEb ZA Zfolz} A7)
1, 53 B3t 03md TEREY Aede 10mE
ol Azl B0 ERIEZS AHEH Has,
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