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Performance Evaluation of Encased-Concrete Bridge Plate
(Deep Corrugated Steel Plate) Member
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ABSTRACT The current encased-concrete deep corrugated steel plate has an arch type plate structure, which is a compressive
strength-dominant structure that has a small moment due to its arch shape. Therefore, it increases the strength against compression by
adding reinforcements to make concrete-filling spaces for increasing the compressive strength and forming cross sections that contain
reinforced concrete. In this study, the safety factor of the new-concept encased-concrete bridge plate member was evaluated by comparing
the compressive strength obtained from the compressive tests, flexural tests and the design compressive strength determined by using
the Canadian Highway Bridge Design Code (CHBDC, 2003), which is a design standard for the encased-concrete bridge plate structures.
The results of the safety factor evaluation using the design compressive strength and the test results showed that the safety factor was
well above the appropriate value 2.0, which could be adjudged very conservative. If the safety factor based on this study results is con-
sidered and applied to the design, economical construction will be possible due to the reduced cross section and construction cost.
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Fig. 1 Pitch corrugated steel plate reinforced composite section (s = 1,600 mm)
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Table 1 Washed section property

Reinforced span | Equivalent section| E.M.** | E.P.S.***
(mm) (mm’/mm)  [(mm®*/mm)(mm’/mm)
200 Steel 15.899 9980.54 | 1175.84
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WS*| 1200 Steel 14.244 7606.69 | 956.85
Concrete 138 - -
1 13.41 19. 47.
1,600 Stee 3417 6519.77 | 847.36
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*W.S. = washed section
**E.M. = equivalent moment of inertia
***E P.S. = equivalent plastic sectional modulus
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Fig. 3 Test specimen shape

Table 2 Test specimen

Section Bridge plate
Thickness Compression test Bending test
7.0 mm 2 2
8.0 mm 2 2
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Fig. 4 Compression specimen shape
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Fig. 5 Compression test
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(a) Positive moment

(b) Negative moment

Fig. 7 Bending test (positive moment)
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Table 3 Compression test result 500
Thickness of | Maximum Ave?rage Dlsplac.ement Failure /
plate Joad (kN) maximum/| at maximum mode 0
load (kN)| load (mm) 0 20 40 60 80 100 120 140 160
7 mm ! 4,300 4,467 16.5 Shear Displacement (mm)
2 4,635 23.0 . . .
failure of Fig. 10 Bending test result (7 mm)
1 5,983 16.1
8 mm 6,027 bolt
2 6,122 21.3
2000 -
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1500 v —
AT N S o AT
s 3 ﬂ; 3 ey
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Z a000 = /J
g 3 /
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3 2,000
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1,000 /
8mm-(1} -—8mm-(2) 0 + T T
0
. s 1 s 2 2 2 0 20 40 60 80 100 120 140 160
Displacement (mm) Displacement (mm)
Fig. 8 Measured load - displacement relationship Fig. 11 Bending test result (8 mm)
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(a) Reinforced strut break-off (b) Plate tearing

Fig. 12 Bridge-plate structure failure (positive)

(b) Concrete slip

(a) Joint bolt shear failure

Fig. 13 Bridge-plate structure failure (negative)
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Table 5 Semicircular arches (thickness 8 mm)
(axial force : kN/m)

Structural calculation Test
Span | Rise | g p | COVEr |\ A Fx |EAF#* S Ewer
(m) (m) depth (m)
1.5 1,239 33
2 1,403 29
20 10 2 3 1,741 23
4 2,080 1.9
5 2,418 1.7
15 1,336 3.0
2 1,514 27
21 105 | 2 3 1,870 22
4 2,226 1.8
5 2,582 1.6
1.5 1,440 2.8
2 1,627 25
22 1 2 3 2,000 2.0
4 2,374 1.7
5 2,747 1.5
1.5 1,553 4038
2 1,748 23
23 15 | 2 3 2,140 1.9
4 2,531 1.6
5 2,923 1.4
1.5 1,654 24
2 1,857 22
24 12 2 3 2,263 1.8
4 2,669 1.5
5 3,075 13
1.5 1,771 23
2 1,983 20
25 125 | 2 3 2,406 1.7
4 2,830 1.4
5 3,254 12

* N.AF. =axial force of numerical analysis
** E.A.F. = experiment axial force
**#*S.F. =safety factor
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Table 6 Shallow arches (thickness 8 mm)

WAL 918 FEM 14 8 F7bEel dvt

(axial force: kN/m) s8] ojo} iy ekl
Structural calculation Test
Span (m)Rise (m)| S/R def):t(;lvzn JINAES AR S Ers Zirte 2
1.5 846 4.8 _
5 955 — o] A& 2008 (F)F=e] “HEA FHolE A
20 | 6414|031 3 | 1227 33 8 mEARAS] AeRrPY S dgst Ay A
4 1,511 27 Aol olsf = om, ofo FAA AHEA FAIE
5 1,794 23 Huth
1.5 867 4.7
2 981 4.1 =t
21 65.80 | 0.32 3 1,268 32
4| 1564 20 1L 4%s, c2ase 31 9938 7R O 9
S 1,859 22 AW 71 HIEESE =537, 249, 2A%, 2004,
1.5 940 43 pp. 321~333.
2 1,061 3.8 2. TgAAAA T Al JHRI FE 283 A
22 67.45 | 0.33 3 1,371 2.9 T, 2002, pp. 1~10.
4 | 168 24 3. SFsha, SR AR Ha 482 A% 48
5 LOL |y 3g 120 s} A, 2003, pp. 7~11.
L5 [ 907 | T [T45 4. SEF, GAL YR PR SHYPEIIA, 13
2 1,026 3.9 A, 33, 2001, pp. 66~72.
23 68.40 | 0.34 3 1,329 3.0 5. &%, “AAF AT A5 FRAE A
4 1,636 25 2] Aok HIEESS =8F, 269, 1AZ, 2006, pp.
5 1,943 21 133~142.
15 973 42 6. Canadian Standards Association, Canadian Highway Bridge
P 1,106 37 Design Code(CHBDC), Ministry of Transportation of Canada,
24 | 7060 | 034 3 1,436 28 2003.
4 1765 T 23 7. American Iron and Steel Institude, Handbooks of Steel Drain-
3 2,095 19 age & Highway Construction Products, 4th Edition, Wash-
G 1.067 T 38 ington DC, 1994.
) 1219 33 8. AASHTO, Standards Specification for Transportation Mate-
25 7881 | 0.32 3 1570 e rials and Methods of Sampling and Testing, 9th Edition, 1998.
1 1.920 51 9. Canadian Standards AssociatioTl, CS4-16-01 Lin?it. States
5 2270 BEEE Design of Steel Structures, Canadian Standards Association, pp.

67~69.

* N.A.F. = axial force of numerical analysis
** E.A.F. = experiment axial force
***S F. = safety factor
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