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Abstract - This study was conducted with the purpose of increasing the mechanical properties of steel girder, which are divided
into before and after composite according to the construction stage. When attaching a small additional member to the upper end
of the main member, it was intended to improve the part where the section modulus was decreased due to the asymmetric shape
of the composite girder. The mechanical properties were derived through the proposition that the difference between the section
modulus and the moment of inertia in the case of the asymmetric composite girder and the main member due to the installation
of small members should have a positive value. From this, the results of a formal study on the position of the central axis of the
asymmetric composite girder and the cross-sectional area of additional members that can satisfy it were derived.
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Fig. 1. Stress distribution of steel box girder
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Fig. 2. Stress distribution of steel plate girder
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Fig. 4. Section view of steel box girder with T-shape
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Table 1. Check conditions of plate girder with H-shape

Ttem Size Area Inertia moment
(mm) (x10*> mm?) (x10* mm®*)
Additional |y 550,100 272 1,840
member
Basic | 1 200x300 | 2355 201,000
system

Table 2. Results of comparison of asymmetric plate girder

Section modulus
Height (x10° mm®) Inertia moment
Tem | imy (x10* mm®)
Top Bottom
Basic 700 | 5743 | 5743 201,000
member
Composite
system 900 | 4,997 | 6332 251,369
Comparison
(%) - —13.0 +10.2 +25.0
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Fig. 5. Check conditions of box girder
with T-shape (Unit: mm)

Table 3. Results of comparison of asymmetric box girder

Section3modk11us ;
(*10° mm®*) Inertia moment
ftem (x10* mm?*)
Top Bottom
Basic 124,222 93,578 10,898,593
member
Composite 115,851 95,452 11,534,261
system
Comparison
A -17.0 +2.0 +6.0
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Fig. 6. Neutral axis of the asymmetric plate girder
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Yib

Fig. 83} 0] 27}5719] A1go] 7| A AR} A 5
Q3 7291 490 ATHE W Table 49} 2.

Sz sle] =2 A34E A5 (EE A]1805) 20221 109 291



H|e) AT o SR S 19 A% o] B 4415

Check top
B Check top
—

I I T
£ .
K
= | | i

I I

B ” ” B
X Check bot, N Check bott.

Fig. 8. Representation of the symmetric composite girder

Table 4. Results of comparison of symmetric plate girder

Section}modylus
Height (x10° mm?) Inertia moment
(s (mm) (x10* mm®)
Top Bottom
Basic 700 | 5,743 | 5,743 201,000
member
Composite | 4q, 13,085 978,975
system
Comparison
A - +244 +487
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Fig. 9. Derivation of parallel-axis theorems
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Table 5. Size and sectional properties about H & O
No. H B i E 54 2 4[i 4 3Zi 4
(mm) (mm) (mm) (mm) (x10°mm~) | (x10°mm”) | (x10° mm")
® 100 100 6 8 21.90 383 76.5
©) 125 125 6.5 9 30.31 847 136
® 150 75 5 7 17.85 666 88.8
@ 148 100 6 9 26.84 1,020 138
® 150 150 7 10 40.14 1,640 219
® 200 100 5.5 8 27.16 1,840 184
@ 194 150 6 9 39.01 2,690 277
200 200 8 12 63.53 4,720 472
® 250 125 6 9 37.66 4,050 324
244 175 7 11 56.24 6,120 502
() 250 250 9 14 92.18 10,800 867
@ 300 150 6.5 9 46.78 7,210 481
@) 298 201 9 14 83.36 13,300 893
350 175 7 11 63.14 13,600 775
® 300 300 10 15 119.8 20,400 1,360
® 340 250 9 14 101.5 21,700 1,280
) 350 350 12 19 173.9 40,300 2,300
400 200 8 13 84.12 23,700 1,190
(©) 390 300 10 16 136 38,700 1,980
450 200 9 14 96.76 33,500 1,490
@ 440 300 11 18 157.4 56,100 2,550
@ 500 200 10 16 114.2 47,300 1,910
@ 488 300 11 18 163.5 71,000 2,910
@ 600 200 11 17 134.4 77,600 2,590
@) 588 300 12 20 192.5 118,000 4,020
700 300 13 24 235.5 201,000 5,760
@ 800 300 14 26 267.4 292,000 7,290
900 300 16 28 305.8 404,000 8,990
918 303 19 37 387.4 535,000 11,700
200 100 4.5 4.5 25.67 1,330 133
@D 200 100 6 6 33.63 1,710 171
&%) 200 100 9 9 48.67 2,350 235
@3 200 150 4.5 4.5 30.17 1,760 176
200 150 6 6 39.63 2,270 227
) 200 150 9 9 57.67 3,170 317
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Table 6. Basic system [ — (5 & additional system II
Al ANZ5, Eq. Used | y/H | Used Eq.

No. 11 [3 Al (%) th Zg, AZ3, (%) (16) y3t (%) Az (23) Effect
® 28,931 | 8,531 | 41.8 1,068 |-291.7 | -21.5 | 26.2 27.1 58.2 179 | 246 | NG
® 36,078 | 15,678 | 76.9 1,188 | -172.4 | -12.7 | 29.9 30.4 59.7 27.2 31.0 N.G
20,400 | 51,067 | 30,667 | 150.3 | 1,360 | 1,939 | 579.0 | 42.6 27.7 | 263 55.4 63.5 49.5 OK
@D 38,522 | 18,122 | 88.8 1,305 | -55.1 | 4.0 | 294 | 295 58.7 33.6 349 N.G
@ 47,901 | 27,501 | 134.8 1,782 | 422.3 | 31.1 279 | 269 55.8 57.7 47.5 oK

Table 7. Basic system [ — (6 & additional system II
Al AZ3, Eq. Used yi/H Used Eq.

No. 11 13 Al (%) th Z3, AZ3, (%) (16) y;t (%) A2 (23) Effect
® 31,478 | 9,778 | 45.1 L,111 |-165.6 | -13.0 | 27.7 28.3 56.6 17.9 21.3 N.G
® 39,160 | 17,460 | 80.5 1,251 | 254 | 2.0 31.2 31.3 57.8 27.2 27.7 N.G
@ |21,700 | 61,700 | 40,000 | 184.3 | 1,277 | 1,672 | 3954 | 31.0 38.1 36.9 59.5 46.8 39.2 oK
@ 41,825 120,125 | 92.7 1,381 | 104.8 8.2 30.6 30.3 56.7 33.6 314 0K
€5 51,679 129,979 | 138.2 1,899 | 622.3 | 48.7 289 | 272 53.5 57.7 43.7 OK

Table 8. Basic system [ — @ & additional system II
Al AZ5, Eq. Used | y/H | Used Eq.

No. 11 13 Al (%) th Z3t AZ3, (%) (16) )’St (%) Az (23) Effect
® 59,905 | 19,605 | 48.6 1,773 | -529.7 | -23.0 | 32.6 338 59.3 27.2 373 N.G
80,209 | 39,909 | 99.0 2,661 | 3582 | 15.6 30.8 30.1 56.0 63.5 56.2 oK
@ [40,300 | 86,447 | 46,147 | 114.5 | 2,303 | 2,129 |-1742| -7.6 | 403 40.6 619 | 46.8 49.8 N.G
@ 63,321 | 23,021 | 57.1 1,916 |-386.6 | -16.8 | 32.2 33.0 58.6 336 | 412 N.G
65 76,222 135,922 | 89.1 2,487 | 183.9 8.0 31.0 30.7 56.3 57.7 53.9 OK

Table 9. Basic system I — (8 & additional system II
Al AZs Eq. Used | y/H | Used Eq.

No. 11 [3 Al (%) th Zg, AZ3, (%) (16) y3t (%) Az (23) Effect
©) 35,502 | 11,802 | 49.8 1,176 | -89 | -0.8 30.1 30.2 54.8 17.9 18.0 N.G
® 44,018 [ 20,318 | 85.7 1,347 | 162.0 | 13.7 333 32.7 55.5 27.2 24.2 OK
@ 23,700 | 67,736 | 44,036 | 185.8 | 1,190 | 1,807 | 621.7 | 52.5 39.6 37.5 56.5 46.8 35.8 0K
@D 47,033 123,333 | 98.4 1,496 | 3119 | 263 32.6 314 54.3 336 | 278 oK
&) 57,663 | 33,963 | 143.3 1,185 | 889.3 | 75.0 304 27.8 50.7 57.7 39.5 O.K

Table 10. Basic system [ — (9 & additional system II
Al AZ3, Eq. Used yi/H Used Eq.

No. 11 13 Al (%) Z]t Z3r AZ3; (%) (16) st (%) A2 (23) Effect
® 50,869 | 12,169 | 31.4 1,622 | -363.0 | —18.3 | 304 314 56.3 17.9 | 245 N.G
® 60,241 | 21,542 | 55.7 1,742 | -243.0 | —-12.2 | 34.0 34.6 57.5 272 315 N.G
@ |38,700 | 87,339 | 48,639 | 125.7 | 1,985 | 2,148 | 163.0 8.2 41.1 40.7 59.5 46.8 44.0 OK
58,822 120,122 | 52.0 1,690 | -295.0 | —14.9 | 34.0 34.8 57.7 25.7 30.9 N.G
&) 72,242 | 33,542 | 86.7 2,277 | 293.0 | 147 324 317 549 | 487 | 43.1 OK

296 S RS = A34E A5 S(5-E Al180%) 2022 109



Table 11. Basic system I — @ & additional system II

Al AZs Eq. Used | y/H | Used Eq.
() () y3t (] 2

No. 11 13 Al ((V) th Z3, AZ3, ((V) (16) (‘V) A (23) Effect
©) 64,771 | 16,971 | 35.5 1,819 | 929 | 49 353 356 | 543 17.9 19.2 N.G
® 76,519 | 28,719 | 60.1 1,999 | 87.2 4.6 38.5 383 55.1 272 | 259 OK
@ |47,800 (130,329 82,530 | 172.7 | 1,910 | 2,008 | 392.0 | 105.0 | 37.3 333 49.7 92.2 58.5 O.K
@D 81,335 | 33,535 | 70.2 2,196 | 284.0 | 149 37.8 | 37.0 54.1 336 | 293 O.K
@2 91,954 | 44,154 | 92.4 2,662 | 750.2 | 39.2 36.5 34.5 52.1 48.7 | 36.8 O.K

Table 12. Basic system I — @) & additional system II
Al AZs Eq. Used | y/H | Used Eq.

No. 11 [3 Al (%) th Zg, AZ3, (%) (16) y3t (%) A2 (23) Effect
® 100,425| 22,825 | 29.4 2,473 |-113.4| —44 | 403 | 406 | 537 17.9 19.3 N.G
® 77600 115,591/37,991 | 49.0 2 500 2,671 | 84.4 33 435 | 433 544 | 272 | 26.1 OK
@ ’ 187,163(109,563| 141.2 ’ 4,963 |2,376.0| 91.9 37.7 | 42.0 | 495 922 58.9 O.K
@2 137,119/ 59,519 | 76.7 3,483 | 896.5 | 347 | 414 | 394 | 51.7 | 48.7 | 36.8 O.K

Table 13. Basic system I — @) & additional system II
Al AZ3, Eq. Used yi/H Used Eq.

No. 11 13 Al (%) th Z3, AZ3, (%) (16) y;t (%) A2 (23) Effect
©) 140,908| 22,908 | 19.4 3,414 | -599.2 | —14.9 | 40.1 413 54.3 179 | 254 | NG
® 118,000 156,789 38,789 | 32.9 4.014 3,523 |—492.5| -12.3 | 43.6 | 445 553 27.1 333 N.G
@ ’ 199,401| 81,401 | 69.0 ’ 3931 | 822 | 2.0 | 50.6 50.7 | 57.0 | 46.8 | 478 N.G
@2 180,656| 62,656 | 53.1 4,359 | 3449 | 8.6 42.0 | 414 | 534 | 487 | 442 OK

Table 14. Basic system I — @0 & additional system II
Al ANZ5, Eq. Used | y/H | Used Eq.

No. 11 13 Al (%) th Z3t AZ3, (%) (16) )’St (%) Az (23) Effect
® 231,636 30,636 | 15.2 4,927.8|-815.0 | —14.2 | 457 | 47.0 | 53.8 179 | 26.5 N.G
® 501,000 252,152| 51,152 | 254 5743 5,008 |-734.6 | —12.8 | 49.2 | 50.3 547 | 272 34.8 N.G
7 71307,036(106,037| 52.8 ’ 6,757 |1,014.2| 17.7 | 468 | 454 | 52.0 | 63.5 523 OK
@2 285,027| 84,027 | 41.8 6,027 | 284.0 | 49 477 | 473 53.0 | 487 | 45.6 O.K

Table 15. Basic system I — @) & additional system II
Al AZs Eq. Used | y/H | Used Eq.

No. 11 13 Al (%) th Z3, AZ3, (%) (16) y;t (%) A2 (23) Effect
® 355,479| 63,479 | 21.7 6,418 | —882.2 | —12.1 | 542 | 554 | 542 | 272 354 | N.G
262000 425,055(133,055| 45.6 7300 8,433 |1,133.0| 15.5 51.8 504 | 51.8 63.5 52.5 0K
@D 7 71368,3921 76,392 | 26.2 ’ 6,770 | -530.0 | —7.3 53.7 544 | 537 | 33,6 | 386 | N.G
&) 397,289|105,289| 36.1 7,596 | 296.2 | 4.1 52.7 52.3 527 | 487 | 458 OK

Table 16. Basic system I — @9 & additional system II
Al AZs Eq. Used | y/H | Used Eq.

No. 11 13 Al (%) th Z3, AZ3, (%) (16) y;t (%) A2 (23) Effect
® 481,297| 77,297 | 19.1 7,954 1-1,024.2 —-11.4 | 59.2 | 60.5 539 | 272 35.7 N.G
404.000 567,841/163,841| 40.6 £.978 10,224 (1,246.0| 13.9 56.9 55.5 51.7 | 63.5 52.7 OK
@D 7771497,3611 93,362 | 23.1 ’ 8,352 |-626.0| —7.0 | 58.8 59.6 | 534 | 33,6 | 389 | N.G
&) 533,362|129,362| 32.0 9,284 | 3064 | 34 57.8 574 | 52.5 | 48.7 | 46.1 OK
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Fig. 13. Check condition of the built-up member
(Unit: mm)

Fig. 139]4] Z71RAE AR5 32
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Table 179] YEFHT

v g Mz o
HEdolct. 1o 2 HEZAV=

53343 A543

AFo A 7| EEA o] =7MEAES SHAISH vl
Agﬂuqoﬂ A HEA X7} Z718F 4 Qe 27
A 5to] tfgt AS5-S M&ghuiel o] If-9] FE =1
T 714 97 23T 7as Avie ARRA 52 A2
AA5FY] O H(Tables 6-17), P[sh= 7HQE Figs. 14-15
S o g Asitt WA Figs. 14-152 7| EA|AH [2

[o o
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Table 17. Built-up member O & @

H-588x300(L27] % B)Z thto & & 3
F7HEAE H-200x100x5.5x8, Fig. 152 O
BAE AFL3) Zlo|t}

o], Fig. 14
-200%100x9x9

+AZ;,

Eq. (20), Eq|(21) (dAZ,, /dy;,) = (-9.1, 610,659)

Basic member H-588X300

Eq. (16) (-61.9, 0)

Vi +y3,

Additional member 6 Used
(V3 AZy) = (44.5,-492.5) > Req. y,, =
Fig. 14. Verification result of Eq. (16), Eq. (21), and
Eq. (23) in case of @ + additional member ®

43.6

+AZ;,

Eq. (20), Eq|(21) (dAZ,,/dy;,) =(-8.3, 613,685)

Basic member H-588X300

Additionalkmember 2 Used

(3> AZy) = (41.4344.9) <req. y;, = 42.0

+Y31

Eq. (16) (-58.7, 0)
V3B

0 Eq. (16) (42.0, 0)
Eq. (23) Req. A, (44.2) < Used 4, (48.7)

Fig. 15. Verification result of Eq. (16), Eq. (21), and
Eq. (23) in case of @ + additional member 62

Fig. 149] I Xt 44 H83 Y= 9127} o|wh
2 445 mmZ R3O A AASH= 2 A9 vItiA A
9] £9% 913 436 mm(4] (16)2] SZ THEA]7]A] 2
st7]of Bty A H S dEAeT 123 % HaTe=
et AL Qlet. ofofl w8l Fig. 152 EAt 7] 2AIAF 1

oA F7HEA IRk W73 ARt 23, 4 (16)3 4] (23)

oM Ak 222 TEA71716] 7] 2AIAF THT B
A SEAY 19 G2 A E S 53.1 %, GHASE
8.6 % 2718 A7 Yehy et

juj R
=

Al AZsy | Eq. | Used | y/H | Used | Eq.
No. I] 13 Al (%) Z], Z3, AZ3, (%) (16) y3t (%) AZ (23) Effect
@ 19,441,324| 792,225 | 104.2 188,041 | -17,982 | -8.7 [ 100.6 | 103.4| 452 | 78 |148.7| N.G
18,649,099 206.023
@) 20,872,887/ 2,223,788 | 111.9 215,161 | 9,138 | 44 | 983 | 97.0 | 44.1 |234.0|221.8| OK
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I, Z7HA 119] 2R HLE (mm)

I AT 2] 2 E (mm)

AL FAAES ) ERAR AR E 2o)
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A; 78 520 A A (mm’)

A 712128 19] D (mm’)

A Z712A] 119] S 2 (mm’)

I 7] 2 A28 19} 3 (mm)

hy F7HRA 112] g 3(mm)

H 37 19| F2L(mm)

I 7N 52 0) AR E (mm')

ei 7IEH o RRE 7 BA] SA71A 2] A2 (mm)

Yie 7| RAILR 9] SHS OB EE AR ] A
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i 7| RALH 19 USRI SI7HA] ] A
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vio F7MRA 1O SRS oRRE A7) A
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Y2 F7HA 119] SHS L2 E s117k| 9] A
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Yar A 119 SHFO2TE A7 2 A
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=018 = A 34 A5 2(EE Al1802) 2022 108 299



H|e) AT o SR S 19 A% o] B 4415

(mm) Zis Ziy 71 RAI2E 19] 451 TEA G (mm’)
Vi o|Edfoll A T FAAT O FHHZOERE 7y, Z,  WAAT N1 451 DA S (mm’)
714 9] 7 2 (mm) AZ SAAT 119} 7| 2AI S| [ Aol o] Al 5
Yo o] Z8llof A T YA H 112 FHF 2 REH Z(mm’)
SFA7HA] 2] 7 2 (mm) AZy AT LIS 71 RAILF T AO] 9] Al A
f FEE TAYoHs rdlEd] og 883 % S mm)
(MPa) AZy,  FEAT M9} 7| ZAI2E 1 AL0] 9] 5 e
M; A 9] F2E| HAYoke GriE = 57 (mm’)
(kN'm) Used A, Z7FEA] 119] ©HA A (mm?)
z A (mm’) Req. Ay O|E3follA 7ot axb2{Ql 4471 1ol ¥
21,7y 71EAA" 13 AT 119 A (mm’) g F7H5A 119] A (mm?)
8 %ol =R AT Ao utet 4 Wt 22 THEE A AR A5k 4 S BA 0 2 SE Y 2849

3,\_
Aol 239 37PA S B 2g0] o] BYE AT Bl P HOE A 0512 HEASTE gAHE R ES AT

A Shgict. AFRAS] M2 A K T AT A A 790 S AR, SHH2AEHE To] gho] (+)2] g 7ok ek
WAS Eo) Goka AL fEstEon, o 25 e i)y FAATY EAS TN Lol S WEAL S Yk FAHEAY A 8T
w20 P A2 A7 AIE EEH.

Aol vt A, SR, dEAe, =4S

300 FHE772sks] =8 4348 A5 E(EE A1808) 20224 109



	비대칭 합성거더의 단면성능 향상을 위한 도심축 구성에 관한 정식화
	Abstract
	1. 서론
	2. 비대칭 합성거더의 단면특성치 감소 원인
	3. 비대칭 합성거더의 단면특성치 산정
	4. 비대칭 합성거더 도심축 구성에 관한 정식화
	5. 유도된 정식화 검증
	6. 결론
	참고문헌(References)
	요약


