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Abstract: Prefabricated concrete T-beams and small box girders are the main types of small and medium-span
bridges in China. Steel plate composite girders have a broad space for promotion. Conventional small and
medium-span steel plate composite beams are usually installed with steel beams before concrete bridge decks,
which is inefficient and inconvenient for construction. Based on the Changsha — Yiyang expansion expressway
project in Hunan Province, a kind of fully prefabricated steel plate composite beam which is composed of
steel beam and concrete deck is proposed. The prefabricated composite beam is a “II-shaped” section,
which is installed by bridge erector and converted from simple support to continuous support. The mechanical
properties of the composite beam structure are analyzed by using MIDAS and ANSYS FE softwares. The

construction performance and technical and economic indicators of the composite beam are compared and
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analyzed based on engineering projects. The result shows that (1) The bearing capacities of steel girder,
concrete bridge deck, connectors and the fatigue performance of the steel girder meet the requirements of
current specification. (2) The maximum crack width in the negative moment zone is less than that required
by the specification by optimizing the construction procedure and configuring common steel bars, and the
design can be carried out by controlling the crack width. (3) The composite beam meets the strength
requirements of beam transported on the beam. The lifting weight of the composite beam is similar to that of
the precast concrete structures. With such good construction performance, the composite beam is suitable for
construction in complex terrain such as mountain areas. (4) The construction cost of the composite beam is
higher than that of precast concrete structure, but the life cycle cost is relatively low considering the value of
maintenance and recovery. (5) The total steel volume indicator of the composite beam is centered compared
with similar structures, with minimum consumption of concrete and better economic performance. The
prefabricated Il-shaped steel plate composite beam has the advantages of high combined force efficiency,
convenient construction and reliable cost. It is suitable for popularization in Chinese transport construction.

Key words: bridge engineering; steel plate composite beam; finite element analysis; overall prefabrication;

negative bending area

0 35l

HUNBSARPR R e TR 1 A LN LS4 5 ~40 m
FIMFAE, 20 m DA A/NESRNFEE, 40 m LUF 4§
AR 2017 SRS B A OR W], B
INEEFRR B K 83.25 JTRE, HLFRIA 5 225.62 J7 m,
H KM FERHF 9. 64 T, HRE3 251.09 71 m,
HMFRE 73,61 J7E, HLFE 1 974.53 77 m. HOKHE.
FERMEBR EARAN, KZUH/NSRAE, Bobh /N
R G AR K

KEF/NSEFRDIREE L b F, 28Kk
JE T UAZS O T SRR GE R 32208 200 T i € e
AL, BRI TR AR, O, (HAEAE
TR . BERSFES . W AT DA K480 T,
FRAR A, [ imm, BRI T H. 442450
W R, B AR IR EE L, WAz, TR
T2, RORES B RRE, SR IRHE., W
WA RIE RN 20 ~80 m™ |l PSR,
BiRmED, Slfb ARG, EERE
Wz BN, AR R ET

MR AR RIS IS AR, D2 F 3
RENE, IR T AR ST . 4k,
Bt XAG 1 R R IT IR, 2 32 324 R B BT 1Y
KIETT I o 3R 2 R4 b X X 2 R R AT RKJE
i, TR i A ST 1 USR] TR T
WA REHIER . 15 CED X T FHH S
R IR AV P 9 £ X A s 2 R AT T AR A T
(5T o

il

e s, MRS R R SR B W
BB N i e, R e R I T e 1 £
LRe, T S G 5 P2 TR A A, e
e sgetol, HArmoy: (1) B8 RArm R B &
RN SRR A, A TSR HE T T 2 137 205 )
W, NRETT ARG EMEE. (2) Rk
PRSI, ABER LiaRE, — i
BT SR R R S B B A, BRI T
PR RAEHIE B2 XN . (3) AR LE
Pk SRR UHE T BB I B, A . (4)
A A — P 1k 3 BEIUR A R R B A B AR 1]
MRHEsE, B TAERR, BURA SR, 45
$irle (5) WERTRMBERMWBSEL, HRz
PRI 236G 2, A9 T IR AR 5 5 5 1 R Jin 2
Wy, SN T

(a) 38 T] T 2 R

(b) FEV IR O 2

E1 EmBERRASRELIS
Fig. 1 Construction site of steel plate composite beam of a
project
BEXF BIR TR, ABIF 5T LW R A A v A B
PR TRRIC, 40 —Fh A58 AR AR B 1T % 4
WAL S RNE, JEXH M . 1A ERe . il Tk



64 AN S TS S 4 5536 %
REMZTEIEAT AT IRIE. KaEmHEABRY A LR ELFRWER . 1 E T RN R AN R EE A
TEWI R A R A BT H ORI AR AL & 3R, TR AR 2. 1 om, B SE 9 3. 8 m, BRI
e NAE B I KA 28 I 25 R R A Ut B AEs hi E

HE BRI — A tn 221K
1 HERWE

EHmE
AR et Sa E L5, PRifEEs1e 30 m,
4~5E5 1T W2 Fros, A T Bl 24 5

1.1

GG N DS T PR
\

1.2 WS
TFENERM B3R k. TREMAEA
i, ERGRST 400 mm x 16 mm (58 x J&) , MR
216 mm, F#EZ R 5Fk 600 mm x (24 ~36) mm,
2118 em, FIGTR B E L IRET, LFHR
WEERE 90 em, [ REZ R SF A 300 mm x 16 mm,

P

= & E 1 1 | %
=3 11~~< 1 " o et
: . - B
= +H- 111 1] E
T REIN 4 — - R A A
90 | 210 | 210 . 210 .y 210 | 210 |_ 210 | 210 |90
|‘ T T T T 1 650 T 1 T T |
()5 AL AR T T AT B
!
MR LR WER |
— I
Sy \ \ —r= —— -~ 'T‘ T\
sl 17T T T | | | | b
= i : : = : ! ! :
i e BE e 4 i . |
(b) S st Ak i A7 1 A7
2 HEEHEHE (B4: cm)
Fig. 2 Layout of bridge cross-section (unit: cm)

MRPESCHR [10] 2R, ABmsh ik & i i
INEEE t,

(1)

X, b HEAGHE R o MR RN T
0.85), HF&KN:
n =/ s (2)

K, v WEARAE FIERGIN 15 [ B BT 58
FERITHE

TC 15 188 ) S 7KV im0 Wl 1 e /0N I AU Sy
15.9 mm, BITHEHE 16 mm, § 220K, R 2L
AN B FREGMREEN 2 IR, WA
TRRRIEA, G5 IE.
1.3 REIHmEaE

PR AR S HE S BE o 25 em, FE F B G ALK
15 em E7RFE, BrEARDC EYA N - "l PR
%, MEmmLiRaaE, K¥6 B f R &
T HUBTVIRE S ARAHBIN Ty, AT BRI R A T R XU .

TR A S BRI AL ARG, TR e,

Sl SR HESE, T80 M ) S 4 A R 45 H 32
TREE T Z RIS, A AR
1.4 HEERME

725 R XM 3 e 1 S B 3 0 1 2R T 4 1) T
PRI RIOBIRRE S, B mE " EOH AR
VIR R AE S AR B, A TR IR
e R AR AR R, EE AR AR T 3
FhEH ML ST, I HUE PR L A/
F 90 em, HRERGEEA/NT 60 (H80) em', Rk
AR [ (AR 2 34 SR 25 4 X 1F 90 25 A0 R X 4
T R A

AL A LR ERE X 7 25 40 XA s AT AL
BRI 2m, & 1L8m, Wrms « "W ¥,
WIE 3 i, HAREET: (1) SR EEm,
A TR T A 1) L2 K7 5 B B 8 T 0 25 4 X 4
ZURE S, (2) BRIRERAM A L HRIRKZ 20 em, LA
A T R TR R 2

S R AR TT AL . AR IE ST ARET . K
SR ST AR BT S BN R G BB R A . B

“H o



55 12 1

BOREAL, SF: R/ RCIRTIUR] TR MRS R 2 5 2B 65

/Id o A'AGAV /
/%W@f’ i, ;Aﬁwm$
©

=
S ol
= sz sy
—

L m#mA == 2 MER <
GIELL o =)
AEHERBYARH
o ! W S e 0 2

\ g

B3 HiEERME
Fig. 3 Structure of negative bending moment zone

REGER AU K £T ER BE 1
2 HAERMNFIERE

2.1 EFZ%ae

>R JH MIDAS CIVIL A7 [RICHE F 57 F i 2R A
(& 4), srHrR iRz JpvERg . BRI G B m
GERASURLI Y R SR BE L MR AR, 5 T8 R Ay 2k
WHE., “HMER MR, BRERE . MR
FE . ABLIUIRE SR EE LR R AL . i TR B S 2
R Z MRS A A GRS it Ty AU

T

B4 MIDAS HFRTH ikl
Fig. 4 MIDAS finite element analysis model

FF B[] 0 AT FR B8 3R A5 v A 45 2R 1 OC
AASHTO LRFD BEE &t 7 4N AR 4145 32 faf 2 1) 53 A
FEOTHEINE, HETEREE S, REE L. £
EWIEE K, . R IAR JE R s &=, TR e,
HBRHI SR 2 gkl gk, Ik g
;5 AASHTO LRFD Jy ka5 Al . A58 LA 3
RFERTGE, Fi WP SR A A 3 e 28R 1) 4 1T
FECK 0. 58, P4 A 1 43 BE R ECH 0. 63,

AR R AR IEN J1°8 230. 2 MPa, /N
270 MPa, i EEisR"),

PO AR AR ) L A2

YoV < hotif, (3)

Kb, oy, WEW LR, W11, VRS kit

B Ry, B, AN 3R AR R B SRR £ o A

BN VB, THEAR] v,V =1.42 MN, At f, =
1 124 x16 x 160 =2. 88 MN, i JEZsk

TR E A 5 1 A 1) e R AE R N B /N F 0.5/, =

16.2 MPa''®’ | BBk,

PEST AR TR 1, iR bR i (E P,
FGT AT BAREN g, A BE — 1 Z0 218 fif 4 bm X
Ho SR G EMBETMEA 0.7P,, WA
0.3q, 0 HIEZIITERN, WL :

Yho, < kf o, (4)
K, v TR AREL, W05 Ao, AT
THRAS BB I ) iR ke O ROSE RO 3 &R G
Aoy, HIEN I8 89 57 FR, #eScmk [15] HUE;
Y NI 570 oy R B, E R B,
Bt 1.35,

R R T R ISR O A K

JEAARAEAL (B8 ) X FE AR B8 95 55 4 19 732K 80)
0.93 x (0.737 x80)

1.0x1.15

y,Ac, = 46.3 MPa <

47.4 MPa,
JRMRARKRAEAL (SRR O 401 732K 125)

1.0 x (0.737 x125)
1.0x1.35

ViAo, = 49.3 MPa <

68.2 MPa,

GG RAE IS B BT, o SR
FESUESREIX, TRE A7 v A e A B X, AR AE
F4RIX, Brmtad THORAMAE . 755 XA i
BT o3 AN FRVERL I 1 B e A TRV R 7 A
BRI REETERERY 3 FhOT ik, HH BN Sy AR B
SR TRT R IE B BUE R A7 o /NS AR R B
BARZ, PN TR e, i TR R, A
EASME IR, BRI R 2R SE R B BT 5 1%,
TR ZREE VLA RSB H IR

WnlE s P, FIAT ANSYS Bppt s s R 4
23 [ RO o i S S 4% ke TREBE R A
SOLID65 #.yC, #9452k A SHELL63 HiC, TY 14T
Kl COMBIN14 fa 5o, 4§ A1 iR BE - 5 1 ok H
CONTAI173 Hefih B o0, Jifi T Fr B 5 29 R AR R AR R 24
B BRSBTS

B 5 ANSYS =iEARTES
Fig.5 ANSYS space finite element model
23 AR 22 PR fr 28 T 000 5 R BT A AR — B,
FEH| ANSYS B Re H AL N shfar gk, @it B



66 VA

ST 5 36 &

PR BT T A 3 07 25 R0 fie RIS R M 2, R 1R Aoy
AR A3 IR 6 P, B0 A 28 A B AR
BB, 2N B, ErPaEAEAER  B5Y
UEESES S VG R SRV R 5 /NS

1 -
0.5
0
-0.5
-1.0
-1.5
-2
-2.5
-3
35t G 1/m

B6 PXRRRHTERME

Fig. 6 Maximum negative moment influence line of

S 2% /m

middle support
THEAT 3 5 0T ) 22 K v S T G T R A R A
8 578 kN - m, Hrmit N B F 7 & 3 20 D28 +
@28 + @25 () HRB40O ff;, AIfIAIHE 10 em, 43¢
Bk [16] #BEAFBUNAIHN J) o h 84.4 MPa, K
BT E w, = 0.085 4 mm, /NFRRIEO0. 2 mm 3R,
T L BK
2.2 HAELEHERGZ R
FIIH ANSYS 25 [ 58 A F— 25 7 il — TR % 4
iz JiPERE. LR AR A 40 mm, LA A
B 18 mm, IESRETEHAERN 22 mm, KN
220 mm, fUlS7ARETE AR 19 mm, KK 180 mm,
Il 5 B BUE AN SR 1 R o

x1 ERHRESEEAN
Tab.1 Stiffness and bearing capacity of connector
Kotk HUBTNIEE/ BB/ YR E )/
(kN - mm~!) (kN - mm~") kN
@40 FF LR 492.3 492.3 138.2
D22 1RET 302. 4 244. 4 118. 1
D19 1RET 261. 1 188.8 87.5

I3 T A 2 S R AR AL IE ST AR BT Y I {HFOK,
HAH M 86.6 kN, JRESI{E N 118. 1 kN MS7IRET B
REFT19 71 kN, JREIIE N 87.5 kN3 JRETHE Y
R ZR

3 HAERMmIMERE

3.1 EIIF

AR TR 7 o, SRR, MR
sk EPRR G G e, FRALAI, e IR EE L m
B, FERCBEARTUR TG R 1F . PRI 1 38 i
ZRMRHIL 22 % ZE 0 0L I N SO i, B8 s 2 1) 8 45 4%

I DR DU DO TR 52, DI Bk A SCBE, 58
AR 5N S R XTE T (1)
AR, GRS, o KW, IREE M
MAPEMES . (2) B Eas%E, B0, RAAH
Pliks mk, HEENRE . (3) LFIBMRL
o BEEINEN M, F 1A 2 a0 i 4 5 s T B g
B, TP, b IF 2R

JUNTRL B R ERNL) s T & e L GRIENF

SETAR AR SaFIPS SV ] TR
+ |

— Sr— = [simans,

AR, B | ERE s, | | VEERETCE,

SR [ AR e ) BT
v |

HESE P VR A BB S

FLATHL, R, e

B7 LEHEMXETR

Fig.7 Key process of superstructure
3.2 RLEBERLEMEH

HWERN T, RIS, SEH BRI &
SRERAR SR, RUETELF, HAR LaRIEIT.

12 A5 i ] S TR AR v I S ) 2R A B AN A
RGP A, 4 AT 125 kN, i 2 E 1 060 kN,
bl R L3, RRE R P = (125 +
1060)/4 x1.3 =385 kKN, 4 (kA Hrfim, 155
s 5 T 00 E B A K IE N 77 O 140.2 MPa, /N F
270 MPa, i RER,

3.3 mIEkee

20 ~40 m /MER R E—M% N 60.6 ~165 t, 20 ~
40 m /MR BT ik 48.8 ~145.3 Y 4R
25, 30, 35 m B MBI 88, 106, 125 t, Ui
K2 PR. 25 m G RN NS AR /N RN T 3
WA 30, 35 m 2 A B LS /AR BEH 2 SR,
POT M. BRI S, 3 A HIE 3 A
4, BBk, HaRIEEAR.

R2 AEBEMHEHRE
Tab. 2 Lifting weights of prefabricated structures with

different spans

#5448/ m YNGR T R/t HiE A
25 80. 1 64.8 88
30 105.3 88.5 106
35 131.6 117.3 125

4 BKAREFERIT

5iREg T SRttt
Wi TR, ARG ZERBEN, T

4.1



55 12 1

BOREAL, SF: R/ RCIRTIUR] TR MRS R 2 5 2B 67

B, BTHRIRC IR R U 45 R M 7EE L B
B, MUEALREEEAR S, HIE W2 b ok B o

WSR3 s, a3 EERAE AL 25 m
/NFEERAN 30 m /NFERE IS TN 73. 2% 1 56. 3% 111
o dlaRABEMAIEER, Fal5 T At Lt
25 m /NFE R AN 30 mo /A 4y 508 0 31.8% Fl
40. 9% W& Mo fEMIRZE . BRI OL T, dla it
RHESS A R O AR Mt B
25 m /NFEZEIETN 23. 8% , H 30 m /NEEERS S 2.3%

R3 TREWHEHENIFER (B T/m*)

Tab.3 Comparison of costs of different prefabricated

structures (unit: yuan/m’)

5 Ky 4 FAE R Ky %
25 m /AL 30 m /MR 30 m 41453
eI Ah 958 1432 790
TR i 416 344 260
AR 1577 1747 2731
Rt LA 495 650 486
fEisrS e 3 446 4173 4267

AT J 399 2% 0, TR B e 45 H 3K A T 2R
BERTH APER IR, A2 & SO BE B 8 T 21T
PRI, ARG, WA A I, TR
AR RIS D T, 2 TR A O i A A
Cikie
4.2 5ENNIRAEESRIKRARZFEEIRXTL

[l N AN TR 48 13 sl el 7 e 221 v A 9 i 4
BRIH . 4 X5 4 B2 LA AT TR

x4 FIEFRLBERBRARIERIT LR

Tab.4 Comparison of technical indicators of superstructures of

similar bridges

KUHE WHTRAH CRON ik

“i EHE O WOREE dtsite AR
Wi it5/m 30 30 35 30
Wi 1 55/ m 25 26 16.75 16.5
FRRY A 11 8 2 8
SR /m 1.4 2.02 2.11 1. 58
RS /m 1.1 1.65 1.7 1.18

TR R/ (m® - m™2)  0.351 0.288 0. 284 0.283

B (kg - m™)  — — 9 —
WA I (kg - m~?) 144 125 99 110
BB (kg - m ™) 167 157 110 165

MESHIR R, RO H N 4 D08 md A
PR OO B R, ARUERS AR 35 m, AR AR
P BRI N ) o HAR 3 AR N 2 B0 A AL,

PRUERSAE 30 m, FmiREE LR IR, A FRERY
TR, (EE A Sl g A 7R 9 RE ) T R Y 2
E AR LR S A2 AT

Mt T T2, — B o 2R M R %
Beghif)e, FREASTUHI MR AR, DEIEIRikaE, T
FPFR BB R s f A S A, AR A TR R
IRmih], R s, JBFHLEESE, Jof SOa EEm
LT, TR HNFE.

M2 TR, Ry A& TR 4 a 2R
P38, ORI o

M R AR AR I 5, 2Rt H 2R i D 2 3 A
B, AW R RN AR 3 AT RO A
ARPEE, KV 2 T30 m A4 24 m* HHNE
(B SR Z F) 275 kg, NZ ERH
wfko

5 #Hig

EEX NS B LR AL S R AN AL, AR ST
T — L — R BGE L T AR A TR | T T W
Jeli SR LA G R, Gl A ROTITHHE 50 1
e, REINT A5

HERWMRE . REE LR mR . SRR BES
5 AR TR RE W A BT LT 2R

Kaid 2 TR 25 T2 0075 IX e R R4 5 2 W
JEREEER, A A A v R Uy N, A
SR IBCHA TN 103 57 o

AT R R LI R 25K, ME /MR,
TREARMY, ARG TR, E65I1KEL
AP T

RS o e ], 2 G RS R TR B 1
P e, AE 2 LA 5 ] WA P 4 7 i S 300
AR

Kaid & TR G RV I SRS E T,
B UriREE L R RN, TR .

S 3k

[1]  JTG D60—2015, /N F&HFiH @ AL [S].
JTG D60—2015, General Specifications for Design of
Highway Bridges and Culverts [ S].

(2] AR NRICHE S s, 2017 4R35 s f A7l &
gL AR [R]. dbat: e AR A 28 5 iz i
5, 2017.
Ministry of Transport of PRC. Statistical Bulletin on the

Development of Transport Industry in 2017 [R]. Beijing:



68 AN S S T 4 536 &
Ministry of Transport of PRC, 2017. SHI Xue-fei, MA Hai-ying, LIU Chen. Parametric Study

[3] ‘oM, &bk, AERE AR EREBARIR and Optimization on Behavior of Twin-I girder Composite
[J]. 8%, 2009 (11); 40 -45. Bridges [ J]. Journal of Tongji University: Natural
YANG Yao-quan, JIN Xiao-hong. Research on Complete Science Edition, 2018, 46 (4) . 444 —451.

Technology of General Design Drawing of Highway Bridges [10] JTG/T D64 —01—2015, A EEANIRA - SHF G 56T
and Culverts [ J]. Highway, 2009 (11): 40 —45. Bt [S].

(4] HeatE, BRig, g4, HERWEF/NEZTRE JTG/T D64 — 01—2015, Specification for Design and
g A [C //h ERE PN - TR EE A G4 Construction of Highway Steel-concrete Composite Bridge
W28 — AR S, IOt AT ] PR [S].

Sty - IREE LA B E sy 2, 2007 5. [11] Zegk>s ZR[EDF, R, S8 - RER RN
NIE Jian-guo, LU Jian-feng, FAN Jian-sheng. Application BRI E N A sk vy [J]. A B E B, 2012, 29
of Composite Beams Medium and Small Span Bridges (6): 53-59.

[C] // Proceedings of the 11th Annual Meeting of the LI Ji-lan, LI Guo-fen, CHEN Yao-zhang. Pre-compressed
Steel-concrete Composite Structures Branch of China Steel Stress Effect of Negative Bending Moment Area of
Structure Association. [S. 1. ]: Steel-concrete Composite Continuous Steel-concrete Composite Beam [ J]. Journal
Structures Branch of China Steel Structure Association, of Highway and Transportation Research and Development,
2007 5. 2012, 29 (6): 53 -59.

[5] Xkfd, BB, Bger, 4. /N ERM - R4 [12] DIN-Fachberichte 101 — 104, Composite Steel and Concrete
BRWBARZTE T [T]. PEARKYR, 2017, 30 Bridges [S].

(3): 1-13. [13] ECSC. Composite Bridge Design for Short and Medium
LIU Yong-jian, GAO Wei-min, ZHOU Xu-hong, et al. Spans, Final Report [ R]. [S. 1 ]: ECSC Steel
Technical and Economic Analysis in Steel-concrete Publications, 2003.

Composite Girder Bridges with Small and Medium Span [14] AASHTO. LRFD Bridge Design Specifications [ S ].
[J]. China Journal of Highways and Transport, 2017, 30 Washington, D. C. : AASHTO, 2014.

(3):1-13. [15] JTG D64—2015, ARV [S].

(6] skl H/NEETR B AL A A Pt i HoR 5 i JHF JTG D64—2015, Specifications for Design of Highway
3% [D]. PO, K2R, 2016. Steel Bridge [S].

ZHANG Kai. Research on Accelerated Construction [16] JTG D62—2018, A\ P&4M AR EE - K I by S TR &k + 5 1%
Technology and Application of Steel Plate Composite Girder Wi HyE [S].

Bridge with Medium-small Span [ D]. Xi’an:; Chang’an JTG D62—2018, Code for Design of Highway Reinforced
University, 2016. Concrete and Prestressed Concrete Bridges and Culverts

(7] sKilde. BOBCRBE B0 BOHRe SORB TR S 20 B [T, [S].

TR SEOE, 2018 (9): 126 —128. (17] Sepmn, gt W - RS E S5 AR SR B N
ZHANG Hai-tao. Design Essentials and Application TEARWESEOAT [T]. IR A
Prospect of Steel-Plate Concrete Composite Girder Bridges SRFBFARR, 2011, 39 (4): 156 —162.

[J]. Construction & Design for Project, 2018 (9): WU Li-li, NIE Jian-guo. Analysis of Key Parameters of
126 - 128. Non-Tension Prestressing Technology for Continuous Steel-

[8] S TR AL A R AR R B N e [T, concrete Composite Beams [ J]. Journal of South China
W EMSpEt, 2015 (5): 71 =73, 11 -12. University of Technology: Natural Science Edition, 2011,
WU Ping-ping. Analysis on Application of New Steel Plate 39 (4). 156 —162.

Composite Beam Bridge [ J]. Urban Road Bridges and [18] X4k, M L EPLEts M & urFstrifsr [J]. scia
Flood Control, 2015 (5): 71 =73, 11 —12. F, 2017 (35). 124 —126.
(9] AFK, Dyggs, XEE. WTFNHESEVNREET LIU Hua. Analysis on Economic Index of Bridge

SRR S (1], RS RFER . HRR
SR, 2018, 46 (4): 444 -451.

Superstructure Cost [ J]. Transpo World, 2017 (35):
124 - 126.



