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ULTIMATE STRENGTH TESTS ON STRAIGHT AND CURVED PARALLEL
STEEL BOX MONORAIL GIRDERS
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By Yuhshi FURUMOTO, Susumu NISHIDA, Yoshito ITOH and Toshiro UEMURA

This paper deals with the ultimate strength of straight and curved parallel steel box

girders as a new monorail girder system. First, simplified formulas for ultimate

strength of monorail girders are derived. Next, single and parallel beams of 1/15 scale

under two concentrated loads are tested under simple and 3-span continuous conditions

to investigate the ultimate load behavior and to check up the simplified formulas. Last-

ly, the test of two straight box girders and three curved parallel box girders of 1/3

scale having cross beams at the both ends only are carried out. From the test result, it

is clear that the parallel steel box girders having only the end cross beams with suffi-

cient rigidity can be adopted for the monorail girders.
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Fig.1 Approximate Ultimate Strength Method.
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Table1 Small Scaled Box Beams and Their Test Data.

Series No. Lim| R m| R Rswed B
51-30070 | 3.00

Remark
504 (504) {(504) 2

©

S1-300/12 | 3.01 12 623 648 647 2
S1-300/6 3.03 6 555 648 €44 2
$1-600/0 | 6.00 @ 239 (252) -j(252) 2
S1-580/12 | 5.80 12 311 335 334 2
PI-300A/m| 3.00 @® 507 (504) |{504) 2x2
PI-300A/6 | 3.00 € 422 357 306 2
P1-3008/6 | 3.00 € 279 213 204 2
Pl-300C/6 | 3.00 6 739 648 703 2
$3-580/6 1.93 6 1845 |2011 1985 2
P3-580A/6 | 1.93 6 1758 (2011 1980 2x2
Note: P, : Experimental Maximum Load

R,.: Plastic Limit Load by Simple Plastic Theory
Pw: Plastic Limit Load by Elasto-Plastic Analysis
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Fig.3 Load-Deflection Curves (S1-300 Series).
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Fig.4 Restraint Moment versus Applied Load.
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Fig.5 Load-Deflection Curves (Continuous Beams).
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Table2 Large Scaled Box Girders and Test No.

Girders |Span Length|Girder Length Ea‘r"’,“‘,fu“’_:

Lim L (m) )

SA 7.0 7.2 )

S8 7.0 7.2 )

CA 7.0 7.2 30

cB 70 72 30

cc 7.0 7.2 30

R 20 30

No. Type Girders|Lateral Girder
i Paralel| Straight| SA+SB|[I-148x100x6x9
2 |Single Straight [SB
3 |Paraleli Curved [CA+CB|I-148xI00x6x9
4 | Paraiell Curved|CB+CC|I-100x50x5x7
5 |Single Curved |CC

EHMRETFTNELT, Table2 R4 k5 o EEHH 2
f, BRERNT 34, BBICHBIERNT 1 Ao 4&5t6 imoB
—FNTEZBHEL 2. BIEE, 75 v VIiE 226 mm, 5
508mm, v x 7HER200mm, 75V E8§mm, v
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SSAN THB. 75T TVU—rEY L TNARNEDE
ABBEINR 6mm TH 5. FHOSA Y7 7 L 3HES
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Fig.6 Dimensions of Test Girder System,
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Table3 Cross-Sectional Properties of Box Girders.

[ b K x 1 1
Types (mm) | tmm)_| cmm | (mm) (cm.';) (cnrt) (clyn‘) (cm®)

SA [797 |22629(5.56|509 |17545|33747|7 064,586 101 l——br——:‘
SB |7.98 (22679566 (509 |17 858|34023|7 197 582 407! ¥

CA |799[226.49!555|509 |17562{33799|7 073 589 651 t
CB |7.96(22564(5.57 |509 |17 463|33 676(7 022|582 169
ccC 812 {228.03|555 509 (1785934 296(7 212 |609 598
Ave | 8.00/22665(5.58|509|17657/33908|7 114 |589985
{Nominal | 8.00|22600[6.00 [508 | 18 462| 34512 |7 445|555 720
1 : Flange Thickness Ky : Torsional Constant

b :Flange Width Ix :Moment Inertia about Major Axis
tw:Web Thickness Iy :Moment Inertia about Miner Axis
d :Beam Depth 1w : Warping Moment [nertic

Remarks
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Table4 Mechanical Properties of Steel.
o v €,

Coupons 1xroﬁ51/cm=) (kqfo/Zm‘) (xgt/en?) 4,.0552."2) (xl.a") ?3:)
SA—F| 2119 | 2 606]| 4256 | 0.258 |0.0329] 20310 | 260
SB-F | 2.123 | 2 536 | 4294 | 0.260 |0.0319 | 18435 27.5

S[CA-F| 2.131 | 2 599 | 4299 | 0.259 |0.0299] 15 280 26.3

5[CB-F| 2.124 | 2 408| 4151 | 0.255 |[0.0298] 15 398 305

W [CC-F | 2.107 | 2 559 | 4248 | 0.254 | 00296 I7 740] 28.1
Ave | 2.121 | 2 542 4250 | 0.257 | 00308| 17433 283
SA-W| 2.147] 3 326] 4077] 0.246 | 00143 | 16113 | 250
SB-W| 2.176| 3 186 | 4009 | 0.254 | 00151 | 186966| 235

o|[CA-W| 2.148 | 3 262 | 4 046 | 0.246 | 00294 22 666 24

; cB-W| 2.162] 3 210 | 4 023 ] 0.257 | 00167 18776] 225
cc-w) 2.145| 3 329 | 4 101 | 0.254 [ 00203 21 113] 245
Ave | 2 156| 3 263 ] 4 051 | 0.251 | 00192 19 527 ] 239

Note: | kgf/cm2= 98 kN/m?
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Table5 Geometrical Imperfections.

Upper Flange Web Panel
Type 0 3¢cimax | (:3¢phimax | 1Swpi 1S wpimaximax|
L/1000 | bw/i50 hs250 h/7250
Straight |SA 0.39 0.26 046 078
Girders |sB 0.55 0.34 0.59 0.78
cA —_— .11 0.60 1.02
Curved p—
Girders cB 011 1.26 1.81
cc o 0.98 1.40 2.35
(3) BEIH
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Fig. 10 Measured Residual Stress Distributions.
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Fig.11 Load-Deflection Curves (No.1).
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Fig.12 Load-Deflection Curves (No.2).
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Fig. 13 Load-Deflection Curves (No. 3).
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Fig.14 Load-Deflection Curves (No.4).
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Table6 Summary of Test Results.

My Mp Py Fos | Fop | R R R

aftm) Jotm) | a6 | o) | (9 %9 s | Pop
1 | 345646031976 |2046(2046] 129 | 097 |097
2] 33.90/44.911937]1996/19.96| 129 | 0.97 |0.97
3[3452[4557] 1859]2025(2020] .21 | 092 |0.92
4
5

No.

31.86|4411 | 747 | 662| 661 | 053 | 1.13 | LI3
34.49(46.16 [(11.41)] 20.52 | 2044(0.74)[(0.56) [(0.56)
Note F;:Elanic Limit Load of Main Girder (Itf=9.8kN)

RUYVDHBRIEBRLESTHENI &Y 5,
No.1 % 5 No.5 F TCOERD» LB LN LETORS
HEXEEwad L Tableo &5 5. £, M, 3EHD
BRE—XAV N2, M,l3Table4 iz R3 75 vV Bk
U x TR RO EROLBYEE -4 > b %
RU, Py, P& Pyl Table1 DFAELERTH
3. s, BRO () BEHEROL U VWEREED
REIZEY, #hLEWFEN LSS 2L 8- KBRS
BEEHLT. No.d DEBRMEIL Pps BEU Py LD KE
TEE IS o1z, THIIEHTRES/NESVWIZY, BT
FEHTENR & ENTIROR AT e Vv VB RET DI
Xt U CEBR TN & ETOTUT 3R (R &V 10cm
PR T8 Y Y RETH D TH 5.

6. ¥ B
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