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BEHAVIOR OF COMPOSITE BEAMS WITH INCOMPLETE INTERACTION

by
Yasunori ARIZUMI

ABSTRACT

Steel-concrete composite beams are structural elements of practical importance in building and
bridge structures. This thesis presents the theoretical and experimental studies on behavior of compo-
site beams with incomplete interaction, partial composite beams and curved composite girders. The
contents of this study consist of 6 main investigative themes as described below.

The elastic and elastic-plastic analysis of composite beams with incomplete interaction is pro-
posed in Chapter 2. A composite beam element with an assembly of beam elements for concrete slab
and steel beam and a spring element for shear connectors is used in the present analysis. which re-
duces the number of equations considerably. Cubic polynomials are herein used as the shape func-
tions for not only bending but also axial deformations of the beams. since they represent results from
complicated deformations in the composite beams. This composite element is applied to the analysis
of continuous composite beams and the elastic-plastic analysis of composite beams with incomplete
interaction. For the analysis of nonlinear problems. the stress-strain curves of concrete and steel and
the load-slip curve of a shear connector are simply assumed by bilinear functions. The iterative ini-
tial strain method is employed in the nonlinear analysis. The numerical results are compared with
the other test results and the computational values based on other numerical methods, and found to
be in good agreement.

The effective width of composite beams with incomplete interaction is proposed in Chapter 3. The
models of the composite beams proposed herein are as follows: (1) a composite T-section. (2) a com-
posite section with a number of equally spaced steel section connected to the concrete slab. (3) a
composite T -section under a symmetric loading. {4) a composite 7 -section under an antisymmetric
loading. The constitutive equations which relate the eflective width of composite beams with incom-
plete interaction are formulated by the Airy’s stress function and solved by series solutions. Stresses
evaluated by the proposed method are compared with those obtained from the [inite prism and the fi-
nite strip method. where the finite prism and the finite strip are applied to the concrete slab and the

steel beam. respectively. and the comparison shows good agreement. The effective width ratios of



composite beams with various shear connector modulus under a uniformly distributed load and a
concentrated load at the mid-span is presented.

Chapter 4 aims to provide some informations on static and fatigue behavior of complete and par-
tial composite beams under negative bending. Six composite beams were statically tested and seven
were tested under repeated loading. The beams were tested as “upside down” to create the conditions
of negative bending. Special emphasis is given to bending stiffness, efficiency of reinforcing bars,
crack pattern, crack width and failure mode.

A simplified method for the calculation of stresses and deflections of partial composite beams
under negative bending is proposed in Chapter 5. A moment diagram near intermediate supports of a
continuous beam under a concentrated load and/or a uniformly distributed load is able to simulate to
a simply supported beam under a concentrated load at the mid-span. In the present study, an ideal-
ized moment diagram of a cantilever beam is used for the negative moment region. The results
evaluated from the simplified method are compared with the test results and those obtained from
the finite element method.

Chapter 6 presents the formulations for the finite strip analysis of curved composite girders with
incomplete interaction. The curved composite girders are modelled by curved strip elements for con-
crete slab and steel girder and spring elements for shear connectors. The shear connectors are
assumed as a two-dimensional spring element along a nodal line.

The elastic behavior of curved composite box girders is discussed in Chapter 7. Three curved
composite box girders were tested in order to provide additional informations related to the bending
behavior of curved composite box girders. Test specimens were fabricated where different radii,
cross sections and placements of shear connectors are considered. Test results are compared with
computational values based on the finite strip method shown in Chapter 6, and they are in good

agreement.
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A= (3q+54) 1%/840 B =— (22,+13¢2) 3/70 Biz= (23¢1— 2 ¢2) 13/210+ Qi3
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Ky3=—(1/180)Cg+(1/36) Co+(1/6) Ciq,
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Kg1=—(1/120)C,— (1/24) C,,
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Cr=(3t=d")d",
Cs=(d!—d})?,
Co=(d}—d)(t=2d}),
Cro=2t>+td/—(d})*,

Cl 2 C13

C22 C23
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Cl 1 C'l 6 Cl 3 Cl 8

C14 C,;G C34 C48 ..........................
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Table 2.1 Summary of Section Properties.
YOUNG'S YOUNG'S SHEAR CROSS SECTION
MODULUS MODULUS SPAN CONNECTOR
FOR STEEL FOR CONCRETE SPACING CONCRETE SLAB STEEL BEAM
MODEL A | 2.1 x 10° 2.1 x 10% A-1  32m CONTINUOUS
(kg/cm?) (kg/cm?) A-2-1 32mx2 | CONTINUOUS 250 x 20 Flg.PL. Jooox13
A-2-2 32mx2 | DISCONTINUOUS {(cem) Flg.PL. 500x28
A-3  32mx3 CONTINUOUS e
MODEL 8 | 2.1 x 10° 2.1 x 108 5m CONTINUOUS 50 x 15 Flg.PL. 150x10
(kg/cm?) (kg/cm?) (em) Web.PL. 350x 8
Flg.PL. 250x15
MODEL C | 30 x 10° 4.5 x 10¢ 132 in. x 2 CONTINUOUS 24 x 2.365 6in.x3in.x121b/ft.
(1b/sq.in.) | (1b/sq.in.) ( in. )
MODEL A : SIMPLY SUPPORTED BEAMS UNDER POSITIVE AND NEGATIVE BENDING, CONTINUOUS BEAMS.
MODEL B : SIMPLY SUPPORTED BEAMS UNDER NEGATIVE BENDING.
MODEL C : CONTINUOUS BEAMS.
Table 2.2 Comparison of Values obtained from the Proposed Method and the Exact Solution

by Newmark with MODEL A-1.

CONCENTRATED LOAD AT THE MID-SPAN

UNIFORMLY DISTRIBUTED LOAD

( P =20 ton ) (g=1t/m
LOCATION  [PROPOSED ANALYSIS EXACT PROPOSED ANALYSIS EXACT
MID-SPAN 1.5893 1.5899 1.5879 1.5885
DEFLECTION ( cm ) |oyaRTER-SPAN 1.0912 1.0917 1.1316 1.1321
AXIAL FORCE ACTING|MID-SPAN 86712 86851 71339 71774
ON SLAB ( kg ) QUARTER-SPAN 44850 44859 53769 53654
HORIZONTAL SHEAR
FORCE ACTING ON QUARTER-SPAN 474.46 474.69 379.53 379.75
STUD ( kg )

Table 2.3

Comparison of Deflection, Bending Moment
between Continuous Composite Beams with
MODEL A-2-1 and A-2-2 under Uniformly
Distributed Load ( q =1.5 t/m).

MODEL A-2-1 MODEL A-2-2
DEFLECTION AT THE
MID-SPAN ( cm ) 1.1507 1.1608
BENDING MOMENT AT
MID-SPAN ( t-m ) 112.43 112.59
BENDING MOMENT AT
{HE IN{ERIOR SUPPORT 159.90 160.72
tm




Table 2.4 Summary of Section and Material Properties.

{a] SECTION PROPERTIES

CONCRETE SLAB SHEAR CONNECTOR
SPAN WIDTH THICKNESS STEEL BEAM NUMBER DIMENSION SPACING
MODEL D 10 ft. 4.0 in. 8.0 in. - - - -
MODEL E 18 ft. 48.0 in. 6.0 in. 12in.x6in.x44 1b/ft| 100 (1/2)x2in. | CONTINUOUS
MODEL F} 2x11 ft. 24.0 in. 2.375 in. 6in.x3in.x12 1b/ft 46 (3/8)x2in. | CONTINUOUS
[b] MATERIAL PROPERTIES
CONCRETE STEEL SHEAR CONNECTOR
YOUNG'S ULTIMATE SPLITTING YOUNG'S YIELD
MODULUS COMPRESSIVE TENSILE MODULUS STRESS
STRESS STRESS
Ec Ocu gct Eg Oy Fy (Afax)
MODEL D | 3.0 x 10° 4.0 0.4 3.0 x 10* 60 - -
(ksi) (ksi) (ksi) (ksi) (ksi)
MODEL E 1330 7250 725 13300 17.2 4.55 0.0143
(ton/sq.in.) (psi) (psi) (ton/sq.in.)|(ton/sq.in.) | (ton) (in.)
MODEL F 1787 6900 690 13400 19.5 2.28 0.0060
(ton/sq.in.) (psi) (psi) (ton/sq.in.)|(ton/sq.in.) | (ton) (in.)

MODEL D : REINFORCED CONCRETE BEAMS.

MODEL E :

SIMPLY SUPPORTED COMPOSITE BEAMS.

MODEL F : 2 SPAN CONTINUOUS COMPOSITE BEAMS.

Table 2.5 Summary of Section and Material Properties.

[a] SECTION PROPERTIES

CONCRETE SLAB SHEAR CONNECTOR
SPAN WIDTH THICKNESS STEEL BEAM NUMBER | DIMENSION SPACING
MODEL G-1-1 | 32m 378 CONTINUOUS
Flg.PL. 40x2.5
MODEL G-1-2 | 32m 378 TRIANGULAR
250 cm 20 cm Web.PL. 160x0.9 19x100
MODEL G-2-1 | 2x32m 2x378 {rm) CONTINUOUS
Flg.PL. 40x2.5
MODEL G-2-2 | 2x32m 2x378 DISCONTINUOUS
[b] MATERIAL PROPERTIES
CONCRETE STEEL SHEAR CONNECTOR
YOUNG'S ULTIMATE SPLITTING YOUNG'S YIELD
MODULUS CO%S%&%;}VE TENSILE STRESS MODULUS STRESS
e
Ec Scu Oct Eg oy Fy (6max)
2.1 x 10° 300 30 2.1 x 10° 2400 7.5 0.0356
(kg/cm?) (kg/cm?) (kg/cm?) (kg/cm?) (kg/cm?) (ton) (em)
MODELS G-1-1 AND G-1-2 : SIMPLY SUPPORTED COMPOSITE BEAMS.
MODELS G-2-1 AND G-2-2 : 2 SPAN CONTINUOUS COMPOSITE BEAMS.




LOAD EXPRESSED AS A PERCENTAGE OF MAXIMUM LOAD
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Fig. 2.3

Slip Configuration between the Concrete Slab and
Steel Beam.
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Fig. 2.4  Strain Diagrams in the Concrete Slab.
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ZIT.

7 FAY 7= R AT TIERET SEETTIN DL

(6 Ve - BEABEMBEIZB TSI 27— A5 T OB IIGT

(0 Vgirder - BEAHEMBICBI M LEOOTHZI Y 7)) — F 25 TOIINITHE L 1 E
THH, RBNOEHEZMVDE, SHABETH OO TEARD I NORBLEZET LNESH Y |
LT AEREEMTOHEMEEN(3.2) TERT S, CORXEHVWLLE, av ) - AT T LM
HOMOShOREE. BEMEAERT S EI0k > TERS NG, —77. Fig 3. 2008990 L L#
P50 TR O IS EAE S B 5813, 3V 7 ) — b AT TEICRITE > TAT- A K
(T o )hy=pMELBID, BEIXRO LI ITERI N LB,

Ag= | S:"xdy+ S';(rﬂ)Fde% /(o-f)girdm_ ................................................... (3.3)

R BBHTOBIEE BT T 5ICH 1V ROREERT 5,

(1) a2v 27— bRAZ77BLOHITIE. FWHETHOMEERIEETSHET 5,

2 avr)—=btAT778, FHHEOFR (Scheibe) EF A, HITBIMEIIERT 5,

(3) HMEMNTIZ, PIFHTHRICHE > TEH L. WEHNOMAEIEN AHILERERET 5,

4) Tz, av 7Y — A7 7EHBITOMICEICEGRICRE SN ITEAE N A BRERET 5,
sk, EREICEaV ) - b AT TERMITOBESHEICIINED LOBESERT L2, ChoDER
HEHEESHALTOVENDT, 20FBIERT S,

(5) WEE., EHOELOAHEMTHLDET 5,

BE, EBOEGENTICBETI A3y 27 ) — 257103t S OCRANNICEBEESILET %05,

Rose!®5 L OF Stiglat*POMFEIC &£ 5 &, MFEHEANIC LA ERAZRL @RIrE., BRNIKKS

BN G AZERULZBIROZIL, BIROHEICBEVTIREIEALEBERTLENTES I EPHRE

hTWnd, £z, REBERAFEENNICLZ2ERLZ T 2ZR L THENRBORKT 21T EHPYD

MEFICLEITNTWVD,

3. 3 HREBICLIBMENEHE

3. 3.1 [SHE%

Fig. 3.1 KWRTARTEREBMTICHBENT, 327 — b A5 7T 2FFMEDFM (Scheibe) EARET 5 &,
ZhzXRd 2MaTTENE.

a4F+2 a4F _+_ a4F—O ........................................................................ (3 4)
o 0X0y | oyt :

THB, SITF (xy) W Alry DIENHBCTH S, R (34) ORGHEALBE S 5B
WD & H 23 X h 3 139140)



Fx, y= OE;A,,, (¢4 B+ C e ¥4 D,ye)sin ko wooeveeeessmmonersen (3.5)

ST, Ay By Coo Dy BEPTERTHY ., b=mrn /L TH 5, IWHEE F (x. y) ERISHOBEE.
BLUOIENEVDTHOBEFE, FHIGIIRETH L EEZZEZTRDEHIIREINS,

drzaIZ[{w/ayE‘ a.y:aZF/axiZ. rxr\‘:_azF/axay ................................... (36)
€, =0u/ox=(06,—voy)E € ,=0v3y=(0,—~vo)E
Y w=0u/ 3yt ov/0a=71 /G }
ZZT, E. GBXU v, MR CANEERRB LOXRT Y L IkTH S,
3. 3. 2 @A EHB, ChBLU D, DRE
Fig. 3. 2108 T £ D WM RM S L OWEREROR 22 M THILY (MODEL-A), ERIAFIZV
(MODEL-B). 5RO M U2\ n IV ICHIHESER L2854 (MODEL-C). B & O#ixt
MEESEA L 12354 (MODEL-D) IO W T %175,
BAEK By Cp. Dpld. BEROENZAS JORERFICE > C—BRVNICET 2ERLMEH

WBZEICE>THRETE S, Table 3.112 MODEL A~D O F NhENDOBADEREMEB LU FNIZ
Yo TETAESEH B,,. Cp D, B T,

3. 3. 3 MHMOEHA,DREE
AV — b AT TEETEOESTICEKBI Nz IELS ZEAHICERNICERB I NS 1ER
ERET D&, Fig 33 IR aNETIEDICEAKERAKMAT (x) EFh A, DBEFIL,

T(x)=QA_¢ .................................................................................................... (3.8)

THb, 22T, QEFThitvoRMTchdd, F, Tha ik, BEREIKBISaY 7)Y - ATT
BROMKT Em OB AR (x) OBEMEZNZN (w)y =0, (Udgrdr ETAHERDEDITIE B,

A;Z(ux )gl_,_dm_ _(ux)y T (3' 9)
LiedioT, R (3.8). (39) LV ROEFEANESNL,
T(x)=0A,=Q ](u“_)gh_dﬂ_(ux)y:0} .............................................................. (3. 10)

2T, R (3.10) OlPAEZEHLTHOTAHE, a7 — NATTEWMTOBESETRY.T A0
HOBEREAPELOND.



o T(JC) a(ux )glrdm _ (u )\ U} -

ax :Q } ox ox Q ’( € RS )},Irrim (E RS )7\‘ :(‘){ """"""""""""""" <3 11)

B, THILDORMENSEIRK, $ubLRLEAGRTOHHEZ0TAOERRMFRNIRD LS IZERsh

%

(€ )gm{” (B )y e s rr e r e e (3.12)
BEAEICBI(2 7))~ MRATTOUTH (€ )= ld.
(€ x)y—oz%m%:] (14 v ) (14 B,,) +2k(D,— Co)l Sin kaeeeeereeeeerereeeemmmemrn (3.13)

LB, AV ) = FATZTONDDOHEVAIE, Fig. 3. 31K & H ISR EASRFICEN 4 28414,

x B
g T(x)dx=—t Soa*"dy ............................................................................ (3.14)
0

THY, TZT, FIIMODEL-A, BO¥AIE 2t MODEL-C. DO/t THH, b, #ia

YO = bRATTDREITH S, — 77 HHEESER U LZBA (MODEL-D) 13, #Eruidg st -

THKFERAWT (T )=pgMPERAILTHEY, T3V 27) - AT TOHODOEVRIIRDEHIZED
Sx (x)dx——tg o dy—t S“‘(z—_‘:\‘)y:pdx ................................................. (3.15)
0 0

"""" B, MHTOBEHOO T AIBOE (3) ##EAT L&

1 2 1& RS
(E.v)girder:_ﬁ\_ IM(x) a—(a+ A()' SO T () dat coeermmeereeesemmee (3.16)

THY., a 3WMTHHECCE,» SEAEHTCONBTH» S, 22T MFE—2 Y VFHEM (x) %
Fourier i T3 5 &

M(x)zmoé] M,,,Sin R (3.17)

E 759, Fourier {28 M, 13,
(a) BT E— XY MRS (ST EHSER) ITHL T,

Mm=4pL2/m37T3(m=1, 3, Dy )ttt (3.18)
(b) HTE— XY FTASZMIESE (EAEEPHIEN) XL T,
M,,,=(—1)('"_1)/2ZPL/mzﬂz(m=1, 3, By ) e (3.19)

THb, £-T, K (3.11), (3.13) ~ (3.16) BLT (3.17) OHEFR ATV CREIEXR 4, £ XD
CREST A ENTE D,



‘Mm

An="3 -
th* 2t ., I
02 Exl_\-H,,nL*a—(fﬂle»\_')Hm—

v Hyo R, TIXIRDEDIZERIND,

El,
Ea

(1
(4
~

H,=(kB,—k+C,+D,)
R,,,:kz(l +v )(1 +B m)+2k(Dm_Cm)

2t MODEL—-A and MODEL-B

o~
l

t MODEL-C and MODEL-D

3. 3. 4 BB

DEokREn, X (32), (33) OEBRICHETCE, K (3.17) OfIFE— £ v MATEITHIE
FTAERREERNTOI Y 7 ) - AT TOEMEERDEHIIRT ENTED,

— 2 A,H,sin kx
m=]

AHA( in &
A“‘ ) m n Sln x

E. = - 5
(— Es[;)méliMma_t(¢+

ZoT, Ay s - AT T EMFTOMTILEE KU T IO ORIMEART T A -5 — %,

Ki=nA,/ b, K,=I/Ad& }
K;=Q/E,, (n=E/E)

E3nE. K (3.22) oBZEIL.

L _ ,”',gl |1Mm/(.fl+f2)l Sillﬂkxw
b S M/ (N4 fol sin ke

m=1]

LB, CoT. fi BEU S
hH= (ZB/?Q/K:;) —(R.B/H,) }
»=(1+K,)/K K,

THAanhb,

3. 4 Finite Prism. Finite Strip Method % B\ 7-AZ4R

ZRRRETE 2 o NFICHEBIC SRR ERRT T A e

SO HIERT A TS S TEX



HNEARZLEEBRHTOET VLG, 3 27— b AT 7% Finite Prism @ #E T, $¥ % Finite
Strip DBEFZRTHEIL., $hildid. BEACERNICRE SN EREREER S, £12. #EE8m
DAY= FRATTERMFTDI OB S KOBMEMANDOEMIFL L, BEEEICTBVLTFE LAY
AN Rty Bt

Figs. 3.4.3. 512" 3 J3FRBEAER I B W T, Finite Prism OE#$ & O Finite Strip DEZEDOZEAT13
FRENRD &S ITRA NS DT,
(a) Finite Prism#®#% (27 )—-+2A57)

v = 21 S N Upy SIN AL e (3.26)
m= n=1
r 8
w= 21 2 N,w,sin kx

(b) Finite Strip % (Hif7)
u= zr.l {Q1—= B)atim — B ujpt cos kx
v = él (1= B)om— Bopl sin ks

w= z (1-3B24+28%) w,+—1+2B—-B%8,,

m=

+(BB*=28%w,, + y(B—BHE ;,} sinkx 7

2T, k=mn /L, B=y/BT®Y. Finite Prism #ED w,,. Uy Wy I& n HHRITH T 55 m IH
DEN/SNT A= —THO, N, IEREHCTH2, COMITITBNTIE, ZORRBEK N, IZ 8 fidkin
S5ABT A V8T AR v 7BEFER 2RI, —77. Finite Strip BHED tin, Vim, Wims 0 ims Uims Vims Wi,
6 inidi jERRICHTZE mIOEMNNFA Y ~THbD

REGHEOFBE LY, a2 7)) — AT 7B LOMITELZONBEAEHLE 6 Us 13

S Ug=0 U+ 08 U= g .0 € dV+ SL 5.0 € dV.
Ve s

= 18ulT[K] prism lu.}l + ?3u4JT[K<].m-ip Jg] weeeee (3.28)

(K] prigm - 3> 2 ) — b X357 (Finite Prism) EEORIM~ ) v 7 2
[K)arp - SBHT (Finite Strip) BHEOBIM:~ b v 7 2

720 fud. fud @232 =1 ZXF7 (Finite Prism) % & O#HT (Finite Strip) BHE OB/
TA=F—THY, BEmBEAOEMN /ST A=~ 13RO EHIITIREIN D



_ T
iur}m - <ulm! Vims Wims "%y Ugms Usm» w8m>

= T
{usi m <ur'm y Uims Wim 0 im ujm ’ 'UJ,,, ) w}'m ’ 6 ]m>

—h. dhubkowrEaYy Y - F 2T TEEMTOESEISERNICRAE S N IIRERE L. BEEHEO
BEEFOPBVLDOETHE, THIEDICEHCH Tx) EFha,OBFRIER (3.8) RIS TV 5,
Fig. 3.61R$ £H 122> 7 ) — b A7 7TEFEOfIRFE MITEROMFRICTMIEDPRIEINTHD
LOEL, nHifEB L CEIBROBHTIN (x) OENEZNEN 4w, EFTHE TNABZRDE
HITREND,

AS:uis—un( ........................................................................................... (330)

T, n. EROBETT DTN w,e u, ld. T (3.26), (3.27) £V,

3
M8

Up= UpmCOS kx

Uis= Oél UmCOS kx
EinB, £oT, REGFEORMED, dhIHEZOAFKBHEILXROEHIZE 5,
L
6 Usr_ SO QAc 6 A‘gdx

= 0t ) (S = 0w, )dx

4}

16 ud T (K] dugd covrrmmmemmreemee s (3.32)

I T, {uvrl = <unl’ Ui, Upzs Uizy "5 Upps ui,->T VC“%ZJO i/—:‘ [K,(] Li?ﬂﬂ,&)%i@[ﬁﬂ‘fﬁt?
M)y 7 ATHVRDEDITIREND,

[K“]H Qeevrereneese 0
[K,] = 0 [Kilas 5 | e (3.33)
eeomerreremnn 3
_ oL T OO U U T TPV
[Kelmm = =5 [_ﬂ’ ]J (3.34)

T RERBEROBESEICH Y 2 EMOBARMAE. T2 ) - 25 T EMTEREOHEAED
WEEA T (y) OEMBEOEDAZENEN v, vy, w, BEF w, EF D&,

Une™ Djs s Wpe T Wy FH o o s em e s ettt ettt e (3.35a.b)



Thb, LEOKBELY, RELEHMTOOVHORAIL, Fourier ek oW EHIHE (Pl &4
% &,

(K] lut = {PI
[K(‘G] = [Kr]Prism '+' [Kc],vtrip + [K<r]

E13 %,

3. 5 EHBRBIUEER

3. 5. 1 MHEEHR
HECHOZAMBOER I, BEHEES 2y 7)) - P BEOEMENRFR E=2.1X10° kg/cm?,
E=2.1X10°kg/cm?®TH 0. K7V v Hid v ,=0.15. v =0.3TH 5, $hILHIEAT Y FINW%E
Zx, A8y FYNULORIM% Mainstone' "W O Uik & AR OAER L 0 —AKRY 720 Q=500 ton/cm &
L. RIS, BEMTICEREI NI RS v FYNVOARK LD B RS H720 O3 hko ORI 2K
sz, BREORIT T3, REWE Y2 53 E Sz Q*=60000 kg/cm/cn Z BHEE - HEL .,
kb ORI # A B3| LBHEIOOTEHELZTo 12, 4B, BHBOFREIE ANy hRaz>0n
TIT» 1,

3. 5. 2 Finite Prism, Finite Strip Method % F\\ /=247 & D LE#K

av 7 ') — hAT 7% Finite Prism OBEZ T, #f% Finite Strip DEH# T, dhkH2HESWIC
EHEICRE S NS ERERZETETMELUBATR (LURF.P. S. &EMT5) & FBRERYE
OHE% Fig. 5.7 128 d, F.P.S. DFHEER L, TREKN (Q=o) OHFHET b ORI
Q =60000 kg/cm/cmDIFHITONTRL TV A, F.P. S IC K 2MITF SIS FEREROBE A L <F
MrexrbnEEZXLNE, —F. Table3 . 2RI WHZE T HFEETMIOWT, KM% A
W EHEREF. P S. OFEMERE OB E Table 3. 31089, RICHKFRETVICIOVT, B
%ﬁﬁﬁ%ﬁ@xﬁf@B@%%z%bbtﬁﬁmﬁﬂﬁmmﬂoxmmﬁﬁﬁénfméo@ﬁ\m
HEEERO @R TiE, 307 ) = b AT TRBNTIOH %% % (Scheibe) EGE L. Hi
OEENVEENABZVOT, F.P.S.EORKTE, 2v 7)) — AT 7ELEOE#IHIE) o %
FAW 72, Table 3.3IZ/RT &5 2, ISHEKEROLHERER X = RoCRIETE 2 5 N BIBERIVAR
FAERE LS —BRULUTBY. ThEVIENBEEIC L 2T EBRNSHIESIIBINZN s LD s
EzHN5,

3. 5. 3 HEWENEE
ICHBEZ MO TRE S NICEDIEILIE . BRI T H D 720 245K0 T & 75 78 & IR EE AT &

_56_



%73, Table 3.4i12 MODEL—-A & MODEL-DIZD W\ T OINHREE AR T, MODEL-A D55,
M E— A Y WA M (RRE) D357 138 R3005H (m=599), B#RSH (555 i &)
DB EIERKI00IH (m=199) FTEMOTHMELLARME SNz, £72, MODEL-D O34
MODEL-A IZHE L Tk LINKRASE SN TH Y, —Jj. MODEL-B & MODEL-A iZ, MODEL-
C X MODEL-DIZHfl L ZWEREES B oz, B8, IUARDBIESYIZE 0 T & FIFEE OTEK % N
WTEHEZ{T-TV D

MODEL-A 22T, BRIICE T /55 A -8 — K, K, 2L 34 B HOHDEL% Fig. 3.8
WY, WIS T 5737 A =5 — 2B IS HAOEWRLIC G2 58, T E— XV 31
R (FNMEE) 0BG NS0, ZMEsH (BIRE) OB/ EIREL, LA,

DEMWEIZHWTIZ/ T A =5 — K K (3—EDHF (MODEL-A. B D% 4. K,=0.3~0.7,
K,=0.3~0.5, MODEL-C. D O, K,=0.6~1.4, K,=0.3~0.5) L2 5 LD BN EEZHND,
OB LTIE. K=0.5 (MODEL-A. B), K;=1.0 (MODEL-C., D). K,=0.4%R\ C&t
Baffoz0, EFREOHFEICBOWTEINTIHEHEEPB N bDEEZHSND, —F. §HEIC
BNTIEI Y7 — b ERM ORIt a=10% R 208, MR OBMEILICRIZTRE L

FHEGHEMOBE /NI VA, FRELEBITOBAIE. $NILoORIMICET 2/55 A — 5 —ICBRT

TOXENH VAR T ILENDH D,

MODEL A~D 220\ T, Wi E— X ¥ bAmAKMBRSE (F0FMEE) B LO=ZAELH (£
HEE) OBEENRE Uz, &SRB REICH T 2HMEL A /B %#Figs. 3.9~3. 16107583, )KIC &
Ik ORI SEERA (Se2GRHT) OB 5 BHEMO B A (Q =60000 kg/cm/cm) . BEHEMED1/3, 1/10,
V100 L 12380 E N FROEMEL PRI N TS, Figs. 3.9~3. 160 6Monn kil 3
MibHORIMESET UG, Aok c@8as/32%, £72. MODEL-A & MODEL-B i3
FERFESHERETRLTOS, —. MODEL-C OEAIEKEEARNDBHERIA S 7T0HIZ L HIER
LZswize, MODEL-A. B @3N ORI 2 O &M BDEILERT LDEEZI SN,

ui@ﬁ%mbwbm@$ I, THULDORIMEEZ LT 2B 2B E. $aObEREMDH 5 T hilko
AL ZBACE. BAEAERL A0 ELR s8N EEX D, 2T, AE2ABTOEMIES
ﬁéAmmwﬁw%wkA/A*%EoTMﬁ¥t¢%L F ko ORI L 12356 DRBE D
iz MODEL-A, D25\ T Figs.3.17, 3.18/1Z7R ¥,

3. 5. 4 EHEHl REAMELL & DLE)

CITRELEYE L BB T EOSUER M BT L 7235501t Table3.515RF, 3
1 DRI Q =6000 kg/em/emTH YV, HFEICIEF. P. S.ICE A RERABMEBEZE TIKERE
HOHEHREATT., CITRELLAMEZMNO., YFEVHERCE->THELLIEHEF.P.S.

ICEAARERGEMDILT &L, BRTERSICBOTELELS—HLTWE, —Jf. JCTHREL LEMWE
ZHMOTER INIIE)) SERERTEORERDIMANOCHEI AL 2 1tET 5 & @R 7



Sy VOISR REDENAEUTEY, E75 Y VOIEHE, #HEET7 70 V& HRT 5 &0
TNH, COTRELLEDEZMOIES. 20~30% A CHENATL S, BSERTEORES

MiEEHOWISE, 77 v VoIEHd, SITRELAIHEZNOISE LRI L ERE<LD
T, REBERABEIR2ME B0, E7 70 VTS S,

3.6 ¥ &

KETE, AEREEMTDIY 2 ) - AT EMEITOBATOIT N EZEL AR Z KD 5 Fik
ERFEL., X510, BIMEOHRIT RO ZIXICREDISNBEEIC L 28R 25T 610 Aed
KDy 7)) — b AT 7% Finite Prism OEZHR T, #i# % Finite Strip DEF T, s ko2 8ES
AHEFAICHE U 2SS ERBERTETILL, ZRTOBERT 21T- 72, B8, mi#H XL &
=HULTHBY, Ch&V, ISHBEBIC K2, ERNSEPASIIEONDLZEARLUI, BT
BEXIC L A AMEDOTOARE S M T LERIEBRDEHITH S,

(1) BTRED, EEIFNITO. BOHUEALZOTBIEY (P L OWRFEE) <20 THIHR
AFEL. Fhibd(R8 Y KV ORI &2 s 5 & Figs 3.9~3.160 k5 LHHIEL A /B
=55,

(2) COBHTIE. FR2EWHT 2R T 2MBOHN. TokRkeEay 7)) -~ 25 7 E@MITOW
HoXErEEnTns, MEOENFOENEICREFTHE L, W E— A ¥ bHPBIRS T
(FRFEE) OBHINS < ZAENE (EDEHE) OBHIIELIREL, LrL, BEDE
okt (K. K) E—ER8EOEICZ, 600880 EEx 5N, K=0.5 (MODEL-A. B).

Ki=1.0 (MODEL-C, D). K;=0.4DfHIZx 3 2HEE KD 12,

3) RELABNICBWTIX, av 7)) —bA77EMITOMICRRE SNz FhILHOERICESTh
MEL, av2) = AT TIHERT B s n, a7 )= AT TDIEHDELTH LN
HonTWaD, KETRULIEZBENROBITICED, 37— 27 7E#TOMOITNIa LT
V= AT TOEIEIIKELSHEELEZH MW oIZE 12,

4) AECHRELCEDBZAOCHSIVERICL-> CHEIALILN S, ERERTEORER D
BEAOTCHBEL SN2 KT 2 &, BEERASOREEDELZ MO TCHEL GO/ PT7
FUITKEL, L7V ITNELED



Table 3.1 Boundary Conditions and Integration Constants for MODEL A —~D.
INTEGRATION CONSTANT
BOUNDARY
CONDITION B Ca D
(oy)y=p = 0
MODEL-A (Tiyj)/y=B co | aeEn)r2kB(kB-a) | -k(2(kBra)+1+e2KB) ke 2B41-2(kB-a)}
(V)yag = O a(e®B.1) +2B(kBta) | a(eP¥B-1)s2kB(kbra) | a(ePB-1)+2kB(KB+a)
(v)y=g = 0
VODEL.5 (Txi)y=0 . -2kBe2KkB_o (o2KB_1) keZkB(o2KB_)) _k(e2kB_1)
(")y=0 =0 2kBe2kB-ae2kB(e2kB-T) ZkBQZkB—aBZkB(eZkB-1 ) 2kBe2kB-ae2kB(e2kB-1)
(v)yzB =0
2kB -2kB
MODEL-C (txy)y=s = 0 -1 (7 ) L
(oy)y=0 = 0 28 2B
(ox)y= = 0 26, |_o-2kB
MODEL-D (oy)y=p = -1 e - i
(oy)y=0 = 0 2B 2B
NOTE : a = (1-v)/{(1+v)
Table 3.2 Summary of Span, Section Properties and Loading.
SECTION LOAD
SPAN (m) CONCRETE SLAB STEEL GIRDER p P
WIDTH (cm) [THICKNESS (cm) (kg/cm) (ton)
MODEL-A 32 320 20 10 20
Flg.PL. 300x19
MODEL-B 32 320 20 10 10
Web.PL. 1600x 9 (mm)
MODEL-C 32 320 20 5 10
Flg.PL. 500x28
MODEL-D 32 320 20 5 10
CONCRETE : YOUNG'S MODULUS Ec = 2.1 x 10° kg/cm® , POISSON'S RATIO v = 0.1
STEEL : YOUNG'S MODULUS Eg = 2.1 x 10% kg/cm? , POISSON'S RATIO v = 0.3




Table 3.3 Comparison of Stress Values obtained from the Proposed Method and F.P. S..

UNIFORMLY DISTRIBUTED LOAD CONCENTRATED LOAD AT MID-SPAN
PROPQOSED METHOD F.P.S PROPOSED METHOD F.P.S.
MODEL-A 1 6.61 6.62 8.37 8.33
p=10 kg/cm }2 6.19 6.11 6.90 6.86
P=20 ton 3 6.02 5.94 6.36 6.37
MODEL-B 1 6.61 6.62 4.17 4.15
p=10 kg/cm |2 6.20 6.12 3.45 3.43
P=10 ton 3 6.06 5.97 3.26 3.27
MODEL-C 1 6.13 6.14 7.88 7.60
“p= 5 kg/em |2 5.73 5.69 6.38 6.28
P=10 ton 3 5.65 5.56 6.04 5.97
MODEL-D 1 13.99 12.51 16.56 15.32
p= 5 kg/cm |2 6.85 6.69 7.64 6.91
P=10 ton 3 0.00 0.00 0.00 0.00
F.P.S. : FINITE PRISM AND STRIP METHOD (kg/cm?)
Table 3.4 Convergence Study of Effective Width Ratios
of Composite Girder (B/L =0.1, K1=0.5Ky=0.4
KS =o00 ),
UNIFORMLY DISTRIBUTED LOAD CONCENTRATED LOAD AT MID-SPAN
m MODEL-A MODEL-D MODEL-A MODEL-D
1 0.926 0.329 0.926 0.329
19 0.939 0.330 0.751 0.31
39 0.938 0.330 0.715 0.306
59 0.938 0.330 0.701 0.304
79 0.938 0.330 0.693 0.302
99 0.938 0.330 0.688 0.302
119 0.938 0.330 0.685 0.301
199 0.937 0.330 0.678 0.300
299 0.937 0.330 0.674 0.300
399 0.937 0.330 0.673 0.299
499 0.937 0.330 0.671 0.299°
599 0.937 0.330 0.670 0.299




Table 3.5 Comparison of Effective Width and Stress Values.

1]
UNIFORMLY DISTRIBUTED LOAD

(2]

CONCENTRATED LOAD AT MID-SPAN

EFFECTIVE ( p=10 kg/cm)  kg/cm? ( P=10 ton ) kg/cm?
WIDTH
[]%é£§3 Scu Ocl Osu Os1 Ocu Ocl Osu Os1
PROPOSED METHOD 273.3/180.5| -16.6 -10.3} -103.5| 410.9 -14.0 -9.6 | -96.4 262.0
SPECIFICATION 320.0/320.0| -14.6 - 8.6] - 86.4]466.6 | - 9.1 -5.4 | -54.0 291.6
F.P.S.
(INCOMPLETE INTERACTION) - -15.1 - 8.4] -106.0] 413.6 | -11.1 -3.8 | -97.8 257.3
F.P.S.
(COMPLETE INTERACTION) - -15.3 - 8.8] - 89.2] 411.0} -11.7 -5.3 | -56.7 252.0
NOTES : SPANL = 32 m Ocu ¢ UPPER FIBER STRESS OF CONCRETE SLAB
SLAB WIDTH 2B = 320 cm ocl : LOWER FIBER STRESS OF CONCRETE SLAB
SLAB THICKNESS t = 20 cm Ogy : UPPER FIBER STRESS OF STEEL GIRDER
STEEL SECTION Flg.PL. 300 x 19 0g1 : LOWER FIBER STRESS OF STEEL GIRDER

Web.PL. 1600 x 9
Flg.PL. 500 x 28

Fig. 3.1 Strain Distribution of a Composite Section.




T
—
X

/L /L
17

e e s i e . e e e e e e e md

-
[ 11
t

______________ g_.,’ -— O
o
—t /4 a §
[b] MODEL B d
_{
— S o
f_---E __________ = x f i €— o
v E
““““““““““““““ = X e
[c] MODEL C
X
i »————————— o bFnp-—5
YY lrgg
el ———— X k U —3p o
[d] MODEL D

Fig. 3.2 Co-ordinate Systems and Cross Sections of
Composite Girders.



Fig. 3.3 Shear Force in a Composite
Beam Element.

Fig. 3.5 Co-ordinate System and Fig. 3.6

Nodal Lines for a Strip
Element (Steel Beam ).

Co-ordinate System and
Nodal Lines for a Prism
Element (Concrete Slab).

Nodal Lines of Composite
Beam Elements.
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Fig. 3.7 Strain Distributions of Concrete Slab and Steel Beams.

1.0 . : -
\QIF]ORMLY DISTRIBUTED LOAD
0.8 N
€§4
0.6 S
£t No ‘\\\\\~
Q 2
- 0.4 / . 43\\0 I~ \
. / Lo \\
CONCENTRATED LOAD  |™~—__|
0.2
0 0.1 0.2 0.3 0.4 0.5

B/L

Fig. 3.8 Effective Width Ratios with K and Kg.
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\ \L
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0 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
B/L B/L
Fig. 3.9 [Effective Width Ratios for Fig. 3.10 Effective Width Ratios for
Uniformly Distributed Load Concentrated Load at Mid-span_
(MODEL - A, K1=0.5,K2:0.4). (MODEL -A, K1=0.5, K2=0.4).
1.0 T 1.0
§ /100K3= ® | |
=28,57
0.8 \\ / =952 0.8 /100Ky= @ _
. N y = 2.86 . \ =28.57
\ ) o 7
0.6 ANEEIAN 0.6 AN / =029 ]
~< ~<
0.4 X‘ 0.4 \
0.2 = 0.2 < —=]
\4 —
\ \
0 0.1 0.2 0.3 04 0.5 0 0.T 0.2 0.3 0.4 0.5
B/L B/L
Fig. 3.11 Effective Width Ratios for Fig. 3.12 Effective Width Ratios for
Uniformly Distributed Load Concentrated Load at Mid-span
(MODEL-B, K; =0.5, Ky =0.4). (MODEL -B, K1 =0.5, K5 —0.4).
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Fig. 3.13 Effective Width Ratios for Fig. 3.14 Effective Width Ratios for
Uniformly Distributed Load Concentrated Load at Mid-span
(MODEL-C, K =1.0, K2=0.4). (MODEL -C, K;{=1.0, Kg =0.4).
0.5 T T 0.5
/100K3= © ‘ I
=28.57
0.4 / = 9.52 0'4 /]00K3= o) PN
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0.3 — SN 0.3 // £ =029 ——
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0.1 0.1
— — ]
0 0
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
B/L B/L
Fig. 3.15 Effective Width Ratios for Fig. 3.16 Effective Width Ratios for
Uniformly Distributed Load Concentrated Load at Mid-span
(MODEL -D, K;=1.0, Kp=0.4). (MODEL-D,KIZI.O, K2:0.4).
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[b] CONCENTRATED LOAD AT MIDSPAN [b] CONCENTRATED LOAD AT MIDSPAN
Fig. 3.17 Reduction of Effective Fig. 3.18 Reduction of Effective
Width (MODEL-A). Width (MODEL-D).
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Table 4.1

Parameters of Test Composite Beams.

BEAM SPAN SLAB REINFORCEMENT SHEAR DESIGN
NUMBER WIDTH AREA Y B CONNECTOR LOAD
(m) {cm) ( cm? ) (%) |( cm/em?) ( ton )
4 2.4 60 8.0§4-D16 1.7 0.042 MODEL A 5.91
5 2.4 100 11.9(6-D16 1.5 0.038 MODEL A 6.30
STATIC TEST 6 2.4 60 8.0(4-D16 1.7 0.042 MODEL B 5.00
7 2.4 100 11.9(6-D16) 1.5 0.038 MODEL B 5.36
8 2.4 60 11.9(6-D16) 2.5 0.063 MODEL A 6.30
9 2.4 60 11.9(6-D16) 2.5 0.063 MODEL B 5.36
n 2.4 60 7.6(6-D13) 1.6 0.050 MODEL A 5.86
12 2.4 60 7.6(6-D13) 1.6 0.050 MODEL B 4.97
FATIGUE TEST 13 2.4 60 8.0(4-D16) 1.7 0.042 MODEL A 5.91
14 2.4 60 8.0(4-D16) 1.7 0.042 MODEL B 5.00
20 3.6 60 15.9(8-D16) 3.3 0.083 MODEL A 3.48
21 3.6 60 15.9(8-D16) 3.3 0.083 MODEL B 2.77
22 3.6 60 15.9(8-D16) 3.3 0.083 MODEL C 3.04
NOTES ' : AREA RATIOQ OF REINFORCEMENTS TO SLAB AREA.
B : RATIO OF TOTAL CIRCUMFERENCE OF REINFORCEMENTS TO SLAB AREA.
MODEL A : COMPOSITE BEAMS WITH CONTINUOUSLY SPACED SHEAR CONNECTORS.
MODEL B : PARTIAL COMPOSITE BEAMS.
MODEL C : PARTIAL COMPOSITE BEAMS WITH PARTLY COMPLETE INTERACTION.
Table 4.2 Maximum Loads Applied in Fatigue Test.
LOAD sTEP (3 (2] (3] (41 NOTE
BEAM No. 11 | REPEATED NUMBER 0- 50 50 - 75 75 - 100 x 10% CYCLES
MAXIMUM LOAD 5.6 8.0 9.7 TON
BEAM No. 12 | REPEATED NUMBER 0- 50 50 - 75 75 - 100 x 10* CYCLES
MAXIMUM LOAD 5.1 7.5 9.0 TON
BEAM No. 13 | REPEATED NUMBER 0-130 130 - 155 155 - 180 x 10" CYCLES
MAXIMUM LOAD ‘5.6 8.4 10.1 TON
BEAM No. 14 | REPEATED NUMBER 0- 50 50 - 75 75 - 100 100 - 125 x 10* CYCLES
MAXIMUM LOAD 5.1 7.5 9.0 10.5 TON
BEAM No. 20 | REPEATED NUMBER 0 - 100 100 - 150 150 - 175 x 10" CYCLES
MAXIMUM LOAD 3.5 4.8 6.4 TON
BEAM No. 21 | REPEATED NUMBER 0 - 100 100 - 150 150 - 175 x 10* CYCLES
MAXIMUM LOAD 3.0 4.0 5.4 TON
BEAM No. 22 | REPEATED NUMBER 0 - 100 100 - 150 150 - 175 x 10* CYCLES
MAXIMUM LOAD 3.3 5.0 5.9 TON




Table 4.3 Material Properties of Structural Steel
and Concrete.

[a] STEEL
YIELD STRESS ULTIMATE STRENGTH
( kg/cm? ) { kg/cm? )
sS 41 2940 4250
[b] REINFORCEMENT
YIELD STRESS ULTIMATE STRENGTH
( kg/em? ) ( kg/cm? )
SD 30 3620 5590
[c] CONCRETE
BEAM YOUNG'S COMPRESSIVE SPLITTING TENSILE
NUMBER MODULUS STRENGTH STRENGTH
( kg/em? ) ( kg/cm? ) ( kg/cm? )
4- 9 2.9 x 10° 360 3
1 -14 3.1 x 10° 347 3
20 - 22 2.6 x 10° 398 -

Table 4. 4 Ultimate Strengths and Failure Modes.

ULTIMATE STRENGTH ( t.m )
BEAM THEORY I THEQRY I EXPERIMENT Efl Lél FAILURE MODE
NUMBER 1] 2] [3] [1] [2]

4 7.79 9.35 10.62 1.36 1.14 LOCAL BUCKLING

5 8.68 10.41 11.00 1.27 1.06 LOCAL BUCKLING

6 7.79 9.35 10.12 1.29 1.08 LOCAL BUCKLING

7 8.68 10.41 10.18 1.17 0.98 LATERAL BUCKLING

8 8.68 10.41 11.50 1.32 1.10 LOCAL BUCKLING

9 8.68 10.41 10.73 1.23 1.03 LATERAL BUCKLING
1 7.56 9.16 10.45 1.38 1.14 LOCAL BUCKLING
12 7.56 9.16 10.89 1.44 1.19 LOCAL BUCKLING
13 7.79 9.35 10.45 1.34 1.12 LOCAL BUCKLING
14 7.79 9.35 11.11 1.43 1.19 LOCAL BUCKLING
20 9.57 11.49 14.40 1.50 1.25 LOCAL BUCKLING
21 9.57 11.49 13.50 1.41 1.17 LOCAL BUCKLING
22 9.57 11.49 14.10 1.42 1.23 LOCAL BUCKLING
NOTES THEORY I : ULTIMATE STRENGTH BASED ON SPECIFIED YIELD STRESS.

THEORY II : ULTIMATE STRENGTH BASED ON TESTED YIELD STRESS.
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(a) Flange Local Buckling.

(b) Lateral Buckling.

Photo 4.2 Failure Modes.
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Table 5.1

Experimental and Analytical Results for Deflection and Sfress Ratios of
the Partial Composite Beams to Complete Composite Beams.

NUMBER Ac/Ag RATIO OF DEFLECTION | RATIO OF SLAB STRESS | RATIO OF FLANGE STRESS
(1] [2] [1] [2] (1] f2]
4, 6 0.30 1.36 1.22 0.46 0.50 1.32 1.16
5,7 0.44 1.17 1.28 - - 1.06 1.18
8, 9 0.44 1.31 1.28 0.61 0.50 - -
NOTES  [1] : EXPERIMENTAL RESULTS. [2] : ANALYTICAL RESULTS.
Table 5.2 Ultimate Strengths and Failure Modes.
ULTIMATE STRENGTH ( t-m )
BEAM THEORY I THEORY II | EXPERIMENT 3] 03] FAILURE MODE
NUMBER [l (2] (3] (1] [2]
4 7.79 9.35 10.62 1.36 1.14 LOCAL BUCKLING
5 8.86 10.41 11.00 1.27 1.06 LOCAL BUCKLING
6 7.79 9.35 10.12 1.29 1.08 LOCAL BUCKLING
7 8.86 10.41 10.18 1.7 0.98 LATERAL BUCKLING
8 8.86 10.41 11.50 1.32 1.10 LOCAL BUCKLING
9 8.86 10.41 10.73 1.23 1.03 LATERAL BUCKLING
NOTES THEORY I : ULTIMATE STRENGTH BASED ON SPECIFIED YIELD STRESS.
THEORY II : ULTIMATE STRENGTH BASED ON TESTED YIELD STRESS.
Table 5.3 Summary of Section Properties.
CONCRETE SLAB
MODEL SPAN WIDTH THICKNESS AREA OF STEEL BEAM SHEAR CONNECTOR
NUMBER . REINFORCEMENT [ B2 ]
(m) (cm) (cm) (cm? ) (cm) (m)
A-0 UNI.[0]
A-1 DIS.[2 x 1.25]
A-2 Flg.PL. 40 x 2.5 |DIS.[2 x 2.50]
A-3 2 x 30 250 20 75 Web.PL. 160 x 0.9 |DIS.[2 x 3.75]
A-4 F1g.PL. 40 x 2.5 |DIS.[2 x 5.00]
A-5 DIS.[Z X 6.25%
A-6 pIS.[2 x 7.50
_ Flg.PL. 15.3 x 1.6
8-0 2 x 10 180 15 54 Web.PL. 41.2x0.98 ms[gm'?%]
F1g.PL. 15.3 x 1.6 -Le x e
c-0 Flg.PL. 10 x 0.8
¢ 2 x 4.8 60 8 12 Web.PL. 20 x 0.55 | [gnx.gogo]
Flg.PL. 10 x 0.8 -Le x 1.
NOTES UNI. : UNIFORM SPACING. DIS. : DISCONTINUOUS SPACING.




Finite Element Method.

Table 5.4 Comparison of Values obtained from the Proposed Simplified Method and

. CONCENTRATED LOAD UNIFORMLY DISTRIBUTED LOAD

MODEL FINITE ELEMENT METHOD PROPOSED FINITE ELEMENT METHOD PROPOSED
NUMBER - METHQD METHOD

STRAIN ( x 107" )| RATIO ( % ) [RATIO ( % ) | STRAIN { x 10 ° )| RATIO ( % ) | RATIO ( % )
A-0 145.2 100 100 572.2 100 100
A-1 138.8 96 94 538.8 94 93
A-2 129.6 89 87 491.5 86 85
A-3 119.8 83 81 442.9 77 78
A-4 110.3 76 74 394.8 67 n
A-5 97.8 67 67 347.8 61 63
A-6 89.7 62 61 299.0 52 56
B-0 474.3 100 100 308.0 100 100
B-1 317.5 67 67 190.5 62 65
c-0 184.3 100 100 - - -
Cc-1 120.2 65 65 - - -

Table 5.5 Section Properties of Model for Analysis.

A COMPOSITE SECTION A COMPOSITE SECTION
FOR BRIDGE FOR BUILDING

MODEL D MODEL E
As ( cm? ) 34 97

Is ( com* ) 1473400 33500
ay (cm) 114 32
Yu ( cm ) 101 20
yg (cm) 64 20
SPAN ( cm ) 800 300

— 100 —




Fig. 5.1 Bending Moment Diagrams for
Beam and the Isolated Beam.
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Fig. 5.2 Nodal Points for the Analysis of a

Partial Composite Beam.
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Fig. 5.3 Bending Moment Diagram for a Partial
Composite Beam.
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v = mg;l Diy COS B [ ++++ter e e eas et eh e (6.21b)
Uy = m%; Uy SIT Jopy B +#+ #2550 st (6.22a)
wy = mgl Uiy SIIL by +++ereesssss et ettt (6.22b )
w,, = mgl Wy SIN Ky B +oereeerereesese et (6.232a )
w, = mozjl Wiy SII Ky § ++evrereemeeseese et (6.23b)
e L s (6.24a)
g, = mgl B SID Ky @ creeeeesee e (6.24b)

EfB. LIehisT, BHEORMEY . $NILSERONHIBHE O U, MRO L5 1255,
N a a
0Uc= 2 ira {"kododo+r, gkrA,de!
n= 0 Q
= 18 udT 1K) + (K} fud
= {0 g TIRL) Ju g} cooerrermmm (6.25)

22T, NEIWEWICB T 53 ML OB OERTH Y. (KJ ETNIEHBEHROAIME~ Y v 7 R
THORDEIITREIND,

[Ksc]n Q eeeene 0
(K,.]) = 0 [Ksr]zz .......... 0 ..................................................... (6.26)
() eovenreonrrnnnenes ..[KS(]”
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22T, Kdmm I NIEHBEZEOE mHOBIM< ) v 7 2ATH D, —RINICZLHOVSINTLS
28y RIRW (kg=k=F) DEFEIL,

- \
]-y _lv 01 O, O, 0; Zoy e
I, 0, o, 0, 0, —z, —=x
l y — ] ka"l s z('kl’” 0 s 0
’Al ,AI 9’
a rlk 2<km Z(km
[Kv] mm:rr 1 > ”‘77‘, 7‘?, O y 0
i (6.27)
z,° PR 0
,_l‘zkm, o k0,
2
ok 0, O
et
Symmetric 2% za

ERnB, —FH lued B, THEOBEROEM/IFTA—F—THV, FEmIEOENM/IT A —F —IIRD
£HiITmah s,

{usri =< Uims Unms Vims Unms Wims Wnms ¢,im, ¢ﬂm >T ........................ (6.28)

6. 2. 3 L2UAHIM¥<rIYTX

REli@asfioay 7)) - A7 7ERMITOBEEEICB LT, a7 ) — A7 75 L UHRFO
FbhaB EOBETEE Y OREAPSELOLOETEHE, EATICB Y 2EMOBEAERARIIRD &
HITREN D,

mH. 7 (6.29) BEURK (6.30) 3T NIEOARBEINTOEVWESTEICBWLWTLERV.THHDET 5,
DEo#ER LD, FE2MBERTOD 0 HOITRERIL,
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[K]“ 0 eeeneens 0 'u}]ﬂ _{pll T

(? [K]zz ......... 0 iuig {Plz

: : : _ L (6.31)
_6 0 ceereeneenns '[K]n__ ‘ Ll.u}’ | L’Plr

LB, 22T, [K] g3 RSB AT OE mIAOLERIME~ Y v 7 2TH 1D, K (6.15), (6.25)
KOO EHITTRIND,

[K]m:[z]mm+[Ksc]mm ............................................................................. (6.32)

F7z. |Pl,, ¥ Fourler B CRBEAINIE mBEOREHETH 5,

AREHRETIE, BRAUZ—HAICOVTIEBTRML TO 220, MENO 4 CERSE #1721
e F720 K (6.31) ITRLEZEH I, HERIBHOKETHTILTHY ., BHEOERERED &
SILKITEOT b Y v 7 X &M BB BRSOV THRRE r BB S  ERISEHOER A7
w@ﬁ;bf*b%héobtﬁdﬁﬁ@%ﬁ&?d%%%ﬁﬁﬁ%@@ﬁﬁé@&kﬁ??@“k

TR OHEFIHZ Fig. 6.6 70 —F v — IR,

6. 3 & &
ARETIE, I )— AT TERHOESHEICThOE U s R ARTIC 20T, BRYR
FEEROLZRTWTFEEZR UL, 94abb, 3V 7Y — 2578 LK OBz iR ER T,
BEICARB I N T NED 2B S L CEEF O RO ERBERZTETF LU 2{T> 1. K
MR, ARFEREZ O TV A oD DR CHBRE BN O X TRs & £, 3h
1L SREETTEICE > T—EORMEER S LD ELEET 515, BN T4 D3 hiko ORCE TR
THO, HREBMOEHBTIELCLWEEELHNS,
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Fig. 6.1

Fig. 6.3

Types of the Composite Section.
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Fig. 6.2 Finite Strip Idealization for
a Curved Composite Girder
Bridge.
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Displacements for a Curved Strip Element.
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Fig. 6.4  Shear Forces Acting on a Shear Connector.

[a] COMPOSITE SECTION
n-1 n ntl

i-1 ¢i i+l

o NODAL JOINT

[b] NODAL JOINTS

Fig. 6.5 Composite Section and Nodal Joints.
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BTE NI Z A 9 A MRS BT O EEIC O N T

7.1 #
RETIE., FBANKEZE UM W cfi B ORHIC >0 TERNERRBR 2TV, 70, BE6ET
R U TZETE A OERE T VIO O THUBERN 21T FEERER & MBI RO BB 2{Th 4
DS KN 2B § A MBRERHTOMMREII >V TERLZITH, £, ARSHGEIC & 5 BUEFTIE
ZRVSHTRON S RO 2 B € BA P LOFE— 2/ 2B T 2R AT O LA &2 (LS
CRBEIIOVWTENEN/ST A= — T 270, FIC. b RS KBTI 0§y micE
HUTERE2INA 217,

I

7. 2 HAEFEIEEHRER

AEE TN 2 H 3 5 HRARM OB AW S »IZ L, 2. 2RO ED L 0T
MIED DOEEEDE VLY EORSEELZT LML N TERZTS . UTHIICHEBROME
DWW TRT,

7. 2. 1 ftE«&

K3 ENP 5 ->THE Y, MODEL C— 1 (3R ¥ER =8 m. Hulfie,=30", MODEL C
— 213, R=4m. a@,=60° BLUMODEL C— 3%, Ry3=8m,a;=30" H V. &L KILFHE— =
R4 =418.9mEH L TV 5, ZhZhOHEEROKmERZFig. 7.1 (789, MODEL C— 1k &
OC— 2 XA < & 5 iR EPR LS, MODEL C— 3 14, Hh&FZIZIMODEL C— 1 &[4
—T&5BH,. MODEL C— 15 &UC— 2 OWii & R/ 0 SNTER A BN 2 7 3 2R ORI ¢ %
FNENOMBKOWERA . WiH _RE—AY M A UAER KB LOZ 0 R CAERT, 107
WCT, av 7 )—bAT7EBMET L) — POBMERIL n =7 TSR L 222 Table 7. 112
R, UV EH k=¢ V/GK/EL,1x. MODEL C— 1 &C— 2 %k =k, =434 £ MODEL C—
3Whky=41TH V. BEBRABED LS IR UNERILTHIE T NIEZ DR CUST) 2B < = W
HTH5HBE,

METOMIEILSSATH . 2hZhOHEIKIE, FHXRESA Y75 4 (E312m) 2HL TV AN,
FRESE YA 7 7 A3MEEEOEE2HRL N TRESINTOE L, F, 2hEZhofEEo
WK = TOEELILL 1=58TH B

a7 Y= bAT71E, W E0m, ESTemTH Y . KT ERIOmm DB (SD30) 45 6 ARH LU
ARSI EEIOm DS 23ARF SN T WD, T 7 ) — hOFAHE % Table 7.2 1IZ/RT, I ¥
7)) — b OMBIERBREEED, S EHERE L0, =308 kg/cm’TH VD, HWIHEHILE.=2.71X10° kg/cm”
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THotlze 55, SHAKOBTE COMSIBABLETH > 12,

FHUEDIE T A TEFELmm, 5 350mnD 2 8 7 BV AL (Stud 13X50) #1007z, ko ORCE 1
Fig. 7.1 184 £ 5 ICMODEL C— 1 B LUC— 2 3E N2 = T EOFHIC 1 51264 (32 U527)
FEMBICARE L, £/, MODEL C—3 13, 77 v VI 4 9IS MBICEH56 R Z/RE Lz, — i,
Tk ORISR 2O TEEL 22,

7. 2. 2 XEHRKESSJUEFAAE

AEBETIE, LAUTHRMEIFE L, YA EICBOTHNOERIE A MET 2% 40 & ICKRZ 5 HE L
o HWEREGRMT T, 2 2 TE R THAZMOESS, WEREBICLO LS BBV TARNPEL S
BENKHY ., FNITHHAT B 12 ICIETHEE T v A —F N b TIKHRICEE 4 5 854 2 MRS S A5 b
WEnbh, £ I THRIBEOHMABE T ZOARNICHLATE 5 £HICKFRTIE, Fig. 7.210R83 £ 1
KBRS A BA L, TRICHARERD NI 2 TR RO, YA ETOmSHICFh 2N 2§
DOBEES LA RTY) v 77 L -k (BPA—101 (Fix—Rs) —S508 & ' BPA—102 (Mov—Rsq
—eso) —S50) MV, Fro HEKETT7 7V VAHBELRTICE AL b CEEL. KR
BIYEDS UMY R TA YT 7 L08R EOMMER#HETHL0E L1,

WEE, WY vy F (BA20ton) KLV ITHENREL LT 2 7E EOHITER L 12, 885,
Ty FEOO - FEVERRICBREZINVRLS oA T4 FYR— M Z2O NG 2 FERER
Fig. 7. 3134 £ DT A ik Nfll s & O9MUL 1/3 A3 WIIB K OAMUD 4 DD r — RIZD W0 T
B 21T - 1. LEHREED L OBHHIREE# Photo 7. 1IT/R ¥,

7. 2. 3 BEHE

A7) = PATTBLOMTOO T HIE, Fig. 74 IDRT LD ICANRVIBRB LS A EP S ER
EN30ecnBENZWIHIC B W THE Y - VRO N TRIEZ T2, 5. SEHEICBLTEANO T4 %
AIES 2 o @RI O£y - VL0 TH D,

fehHix, Fig 7.51RT DI AV RB EF/AEO T 7 5 v JNHE & OMINIZ B 0L TERL
HEROVCHIERITL., £, WEROR UM, 28 hRgigic s O TS 2 T 2 SElE
Lk oo REBRTIE, LREICHBOWTERHTEASAL TOA D LR TP ELH0, SHE LK
SIS LR SICH Y B EEMEZBE L. SEMOMILE{T- 17,

3y7u—hzaftmm®ﬁﬁm@ﬁmw‘ng&b)ﬁﬁﬁﬁﬁuﬁmr\ﬁ%ﬁ@ﬁ;ﬁ%
BAMENZNIZODTEME (H Y F LB ROSBEEM) 2MOTEERT-> 2, $HE)
ED T2 DENFOEIERIN A Photo 7.2 1739, — 75, 4 AULSIZIEN T 5 ))& 09I 5Ef 3 5
B ALy RINVICHBER YT — V&M A BIE &7 - 72,

BEFREE Y 7 — R — L R20tonT — FEVTHIEL 20 8, DIL/R U HZBIERRIETY 7 vl
ERERZ MO TR 2,
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7. 3 ERER. HERFEREIUER

EBHERD LUH 6 ETR U ERERIFIC & 54078 2INER G BT O M &2 B0 72 B s R
IZDOWTRY, AREREZBROZEEHE I, a0 2) — B UMM OIS, & A NS
BBLORT VAR ZNREN, E=3.0X10°k/cn® UBEITTIEZE), E~=2.1X10°kg/cn®, G,
=1.29X10° kg/em®, G,=8.1X10° kg/em?. v ,=0.167, v ,=0.3& L1z, $hibd ORI IL. B
B L OFEHRMENEN 1RG0 kg =k =50 ton/em& L 7211513V —F5 BEFRHEEa> ) -
MATTRISHE, w27 %7058, BLOT77 V%2 TH8&E U, . FHII39HE TR &
HAETO, TR LTWA I E#RRL T,

7. 3.1 TR

Table 7. 31 PR NMIELF (LOAD CASE 1) &yl i@ (LOAD CASE 2 ) O D
HE77 7 INME LONMIRD e HAHDEERT, R ol S5 L5112, NIEROSAIENNS
CREBLDHBBELCTH Y, SMIBFR OB R I ZPIMIGAD 12D A KRS VA, 2 DEENEF O
He LT B LI 0 ThE . NIERS AIMIER I I S 5 S HTEDO AR E VL I L &2IRL
TV5,—~ MODEL C— 1 &C— 2 ZH#d 5& MHRLEDP NS OWE DAL EORLTHY,
% 7. MODEL C— 3 3BT &E 2> T D e, £ DSMODEL C— 1 &H#d 5 &K
PEAARLTVAE I EZRLTWA, Fig. 7.6/MODEL C— 2 Oz 5 1 2 Ml £ 0 155
NIHRERERIOEER Z RS, R oM ohrs &350, hRNER OB S IERmEIEAKE < hik
SMUETT OB S IR RNMERT OB S & LS 5 SEmER b x v,

7. 3. 2 B#MAEVTAEHH

AN & OMUETT OB & O R 5 30emBE N 72 A- A’ WITHIIC 13 B IGEN 10 04 4577 % Figs.
7.7~T.91R T Rl omm 500 RN HER O 5 WO NSRS TR 3 SRR O ¥
ABECTHY, FIIMIER S Cl/h s v, Shig, dinFic & 0 A C B S iIck AR IS £ 0
AU IS BAMERS TS h, MRS CHESN L EICLBEZEAZHLND, —T7. (IMUE
HOBEEMEEEN NI ZNIC > THEU DI hENLEDEEZ SN D,

BTy 2 7OOFTHAHIERT AL Y THANEEORE 2 T EMLEHEZRLTVD, B
FHHDHHREBNC L BE . o2 7T RAMB/ AL ERA U, $EOFRIREIE A ZR L. v x 7 ICHEI
ﬁﬁit%é\mﬁmgwuNw»6@W®Mﬁ%ﬁ@ﬁ%wwﬁﬁwﬁﬁﬁﬁt@@bﬁ\E%mw
WHAER T ICERINE U S EARLTO DM, REBHHS L OISR ICEOLTHL 2D %
R a sz, b, 2OEANE. BREFERSDNI OB B LONMER OB S ICHmERS K E <k
LD THICHHEIIENS,
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7. 3. 3 BAKUOTHSH

HI N B & OAMIER OB OA-A' W B £ BB KO AN O ¥ & 5% %MODEL C—1
BLUOC—2IZ2VTFigs. 7.10~7. 131289, Ky oW aria kHic, A8 PRGFEIZHE T4 8 A
WO 3 20, PRNBEFROSSENHY « TO@AKE L, WY c TTREEEAK T &5
LTWAIEZRLTHBY., ENPHEHICESICO>NIMIY c 7T B EIICA D, B,
T OMEFNIIHPREE NS VB LR TH 5, —T7. PRIMIERE OZA L. RS L ORRRICSH
WTHEIMUY 2 TOHIZKEBEAMOTEPEL TS, —HIT, BFFOEAKROY SBEN TIEM
FTEHMER, BRAEICE-> TP LA UNOBDICHBTE . RUARSIEX ST/l U VRS &M
AR (F0) KAICHMTE5Y0, ChEMOTAREEZZNS 5 & hRITHEATICE VL TIE.
NEIER OB S, Nl £ 7 TEHRTOAITE > TE Ut AR T A ICROBEROEEIC LN
&> THECREARO T AASMA SN THO L BIMUY = 7 THF S RO kDR LA
FoTHUTEANO T AN E AL VAR INTNIL LD EEZSND, T2, MU
OHEENAEROLE EHORMENELCTWDEHLDEEZLND, . KEEBICBELTIE, #Fe
ROEEICE2RECNICE>THEUEEAKOT A0, #FHzicoP D OFEITE R NI
FoTHUHABOSHSMODORISRLUZSHILKL S EEZOND, 5B, 2NH5DHAKOTH
CEMHEERIC L > TELUREAKOT A EMBEIATLSEEZX SN 5, REHIBWLTIE, HTERD
Sl « ZTICHR Y £ 7T ERBR T HERELCAKMOT AL LEBEANH Y. + 02 HRESLE
THHERDNS,

7. 3. 4 B#FATHhIH

a7 - b AT T EHNTOEEBIOEE 0T NS & Figs. 7. 14~7. 1612789, I 139 Yl
B OIMUETR . 1/3 2785 NIETT (LOAD CASE 3) B & U1/32/ 3V 4Mll#i (LOAD CASE 4)
DEFNFNOHBICOVTRLTH 5,

Fig 7. 147> 5 S /e & 512 WHIBER 0515, MODEL C— 1 OWMIY = 7 ED$ Iz =
TEOFNE/BLTELREOD, Sy 7T ICEINALE L TOS, UL, PRIMIER OB S
BAMIY = 7 EDAIZTKELTNHPELCTEY . NHllY = 7 EOFT NIEERD T/ha b, & O,
Fig. 7.15127R 9 £ D ICMODEL C— 21250\ T 6 F A 505, WRNHIEE D5 A, @dh ST =
TEOTNHWAMY 2 7 EOTHhEDRKEL A>T A, /2. MODEL C— 20 FhD k& X1
MODEL C— 1 £HBFI 5L RkE 1, INHiEk, 727 ORAKO T HoHEMERITHIRTH 5,

Fig 7.161Z/89 & 512, MODEL C— 3 O##//ID 3 hoyfild, kR e, WREFOS A
EHNEY 2 7 F (RPA) 258l =7 (R D) icAh 3 TR LTh 0. IMIEFROBAIEZ O
DE\ ZRU 72, FEAER LA BN 2R U2, $NAHE— FIZ20 Tk, FICHMER O5G.
FEBIER EMBTASROMIZ a0 0EPRON, ik, BFEOGETCIEa Yy 7)) - bRF T &
WE77 Y VOEEEANBFELOLEDE LA, ERIHEHORBMEOENS kS oS d LbHEDOHT

— 119 —~



BAEFMPERIIHLsrostbneEZLLND, BRI TS 2 AL 250 ko

ORIMEILEE O UIEXRBREREE K LoVEDEEZLN, ZOZEIILENLTVLEEZ SR
%, A%, EiCEEIh Sk OB 2 Uk 3 BRE LT THEEBEMNICHINT 2 080 H
BEbhns,

FHIED (59 RIYNW) IO HT =T 20T FRlo BN 2 3 ko o277 1m0
[\ OFIENZ2BIEL . WRICB A2 L, shEDLTRLIZLEDD—HlA2MODEL C
— 1 O RN B & OAMIER IC O W TFig. 7171284, RRICAEEEGE ¢k o4 nil

AER T 2BEA RO O LREBICER SO TREIN TV S, 2O SHLErE I I, F
NIESITER T 2SN ZRIET 5 2 &IC k> T, FHILdIIER T 2 BE 710 1) DMt & % G
THIEWTELROIIHEEREMHDICTEEETRETH D EEZ D,

7. 3. 5 ¥FFATHSH

FR B & OSMIET DI A D 2 W Z RO EEIK O£ R T N5 & Figs. 7.18~7. 201079 o
B, FRICEEBREROAIIONVTRLTH 6, ARERIEZ O EITETIE, SO EOFEE T
ZEN B & OHEHEIE Y OEEEAEERRMFICLVRRL TWS o, KEREROREE 2 5 ICFHNT 22
EHTEL o,

Fig. 7. 18 585 08 £ H 12, PRANMEROBE. MODEL C— 15 kU C— 2 ONMEIE L U4
flY x TIERFROITNSECTHBY . ZhREEEICBOTRHIRE L, PRIMUBIR OB &1
Fig. 7.192 55275 £ 512, MODEL C— 1 % & EUSOEEFmOFhid/ha <, MODEL C
—20HHE B LREVD . XA ETENMEREMRICKE 2ERHTROTANECTNS

MODEL C— 3 ®35&1E, Fig. 7.201C7" 9 £ Hi2, MODEL C—1 B&UC— 2 & 1h#F 5 &2
HHOFTRINS L, FIoEEEodhrshan-T05b, ZAIEIMODEL C— 3 TIXHHTE»EA
Wi > TWWAB Tz, TR TICBEVTRUNICERL, 3 7)) — b AT 7ERMPTOESEICH Y
LEETMDOKFEAMD NS GoltedvEEAOND, £z, THILDAWBEANICH VT 4 3L
BIhTWaI&itbibEEILND,

7. 4 BRREREICES/5T X —2 -8
BOHETRUMLBREREZAOLHEERIE. tbha, BEIATROTHSE, CABOTHNTS
FOF NI E Y 2 T EDHICEE L d# AR (MODEL C— 1. C—2) OB#EiTTsASHIC
DNTIE, EREROBEH A THICHHTES I LARLEDOTEDORITIELZRWVT/ST X — 5 — i
2150 AEICHWIZE T VIAMODEL C— 1 L [E—MERR (KT IEBENHE) B LOR—A/V %
HTAHTH0 . £ Tkl 2 7TEEOAIIRBINTVA, L3435 4 —-F—13 (1)
WHTEBOKTE LB, (2) FILATH D, &h. (1) OBARKEDA%Z, (2) OBEILHLM
EREER AL S ER—A/SY & U, MEIdFig 7.3( e NIRUL R SENRETH S
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7. 4. 1 SBTOHSEEDOLETILEELEE

& (d) & (b)) DLk (d/b) ZELS B HEONREICHB T NS LOIMIY = 7 LT h
S ICER S 28770 N OB KCHREET 7 7 ¥ YNHlB KMl D 12 b A DO Z Fig.
72112 d, oMok ko1l (d/b) WREABENMESMIY » 7 EOFT b IC{ERT
HHNOEINSILL L ->THBY, ZORCOBREIL (470 1. 0ABALEEONPCLD, —h. K
haHEE (d/b) WRELBBEFIIKE N, T (d/b) PRELKBEY 2 7TORERMKEL
LY, KOMEEEOYEN THILOEZEA NS,

7. 4. 2 HPLAETLSHLBE
[B— R /%y 28 USHTBANIE 2 B 3 5 MR ST O G & 20 & & 12356 ORTHARIC B O 5 4
HEDENILDIENT 5 HENRFE O HAHOEB L FZ2AELOHMEIISTOH %Fig.
72210Rd . MOAPKELBHEMIY = 7T EICRBE SNSRIk OBE A IER T 5 13K
E<H0, BT 2 7 EOThIESDIHERT 2 03/h & <25, BulfiOk & 2B ST T1ast
ey =7 BEICEE SN AEDIHER T 5 O HESNN Y = 7 BICRIE S Nz 3k &
BERELBADTHRAICBEVTIEFASIIOVLWTORBPIBRETH L EEDNS, — K., F757 VY
AR Dtz b A IIIMUER S D E N LT 2 L HICEDREVD. 2DIISHHLAPEILLTLH &

NEDSIEN,

7.5 & &

ARETIE, FNTHITE ZHE U B S Mot ST 3 RIC D D TRIVERIERER 2 T, & 512, 8
6 BT U ILABRWEIREIC X 2R HOERET T VIS OV THERT 21TV, 2 s ORER % R
RRET U s s o FINTMTE 2 8 3 5 MR S RRT O BPEZEE) IS > W TR U fo, BREEIRIEIC K ST TIE.
YA BB O TRERITEN S & O E ) o bERA 2R L 0iR CERTIA0 4 NICHE
utmiﬁj?m@fnmb<m=w)EMELt@tmg?%n\ﬁéicﬁuf¥@ﬁm®fn
WEELL) LTwb iz, B HROTNEECEL TEERHEROBH 2 93T LM/ TE
Bhote, hd BETTHM0 T AT, SAMOT AR BLUTNIEOE Y 27 EOHITEE L
RS AT (MODEL C—1.C— 2) OBEHHEIST N SHIZONTIE, MRS I3 & et
BE<—HLTWVWHE I ERRLI,

FEBFERD JFOBEMITHER VGOSN ELRRIRDE D TH B,

(1) KON T OETR 2175 & RE SWim AR U IMUER S (S8 % 175 SRR DR
ILhE D,

(2) R EOIEH ST IE. NWER OSSN SIS K E 2ISH B EC 5, kTR D%
BWNAER OB ETFICKES <D ZEITRINL TV D, IMIER OB A 1L 2 OB IXNRIETE &
9 5 EWTEEEMAE D S 0,
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(3) HRTY = 7ER7 ORBET IS M, WNEIEOREZ T HELFEH 2R L THY, 2004
HERFEEDS DS VIBEEBFICROAS, £ IMUETT L O AER OB FIZ 2 ORENKRE O,

(4) HAKOT ALY PRNRIER OB S, FHHREBICH DTENMY « 7T AR 25205
Fo . KSR S <12 TIMIY = 7T HRMT 2 K 5124555 PRIMUET D575 134T 4
BIZbl>TIMUlY 2 7OHTHAM N ZSHL TV A,

(5) WEAEICTNILDIERT 54, S AKIC) SRS SR 2R3, hik ZG#8H 0BG
KOWTERTHE VBB AE IO 2 7 LOAICFT LD ARE L2855 MUY =
TIRE U e Ao IER T 2B M0 IaNiY = 7 Lo R EBRT 2 L FEICKE L 2
SR EFE NS 2o 1256, AMIERNY 2 7 EOFT b IEMT 2 0% LD KEL
5%, —#. MODELC— 3Dk IZ#iFLE7 7 v Y EICbFAIbo 2/E L BAThIbd L
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Table 7.1

Summary of Section Properties.

AREA OF CROSS | MOMENT OF ST. VENANT'S WARPING MOMENT | . _
SECTION INERTIA | TORSIONAL CONSTANT | ~OF INERTIA | X=%/BK7ETy
A( cm?) I(cm*) K ( cm* ) I, ( cm® )
MODEL C-1 206 63045 68132 2526366 43
MODEL C-2 206 63045 68132 2526366 43
MODEL C-3 230 66409 72194 2907102 41
Table 7.2 Mix Proportions.
WATER-CEMENT UNIT WEIGHT ( kg/m® ) SLUMP
RATIO
(%) WATER CEMENT SAND GRAVEL ADMIXTURE (em)
a8 162 338 854 1000 0.845 6.4
Table 7.3 Deflections (mm ).
MODEL C-1 MODEL C-2 MODEL C-3
EXPERIMENT |  F.S.M. | EXPERIMENT | F.S.M. | EXPERIMENT | F.S.M.
INNER SIDE|  4.479 4.750 9.014 8.263 4.175 4.677
LOAD CASE 1 outeR sIDE| 1.867 1.978 6.574 5.358 1.372 1.635
LOAD CASE 2 | INNER SIDE[ 2.009 1.880 6.508 5.222 1.323 1.521
OUTER SIDE| 3.352 2.969 7.437 5.635 2.31 2.373
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Fig. 7.14 Longitudinal Slip Distributions of MODEL C- 1.
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Fig. 7.15 Longitudinal Slip Distributions of MODEL C-2.
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Photo 7.1 Setup of a Test Beam.

Photo 7.2 Instruments for Slip Measurement.
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230
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259
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231
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173
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254
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168
196
228
296
395

162
277

406
186
302

74
156
421

204
444

241

29
105
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CALCULATION

CARRYING CAPACITY
CASTELLATED BEAM
CELLULAR FLOOR ~
CHANNEL SHEAR CONNECTOR
CHECKERED PLATE
CIRCULAR TUBE
COLD-FORMED STEEL
COLLAPSE

COLUMN

COMBINED ACTION

COMBINED LOADING

COMPACT BEAM

COMPLETE

COMPRESSION

COMPRESSIVE FLANGE
COMPUTATION

CONCENTRIC LOADING

CONCRETE BEAM
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CONCRETE ENCASED STEEL FRAME
CONCRETE FILLED STEEL TUBE

CONCRETE SLAB
CONNECTION
CONTINUOUS BEAM

CORRUGATED METAL DECK
cP 117

CRACK

CREEP

CROSS SECTION

CURVED BEAM

CURVED GIRDER

CYCLIC LOADING
CYCLIC SHEARING FORCE
CZECHOSLOVAKIA

D

DATA
DECK

DECK SLAB
DEEP HAUNCH
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234
371
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25
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340
428

350
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348
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45
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349
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58
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247
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202
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440
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56
155
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245
366

95
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58
179
289
404
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142

246
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305
405
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403
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225
306
406
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306
404
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405

163
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236
311
426
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311
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DEFORMATION
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369
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FINITE STRIP METHOD
FLANGE THICKNESS
FLEXIBLE CONNECTOR
FLEXURAL STRENGTH
FLEXURAL TEST

FLOOR

FLOOR SLAB

FLOOR SYSTEM
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FRICTION

FULL SACLE

FULL SCALE
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GIRDER
GRILLAGE GIRDER
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#
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HALF SCALE

HAUNCH

HI-BOND

HIGH STRENGTH BOLY
MIGH STRENGTH STEEL
HIGH-RISE BUILDING
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HYBRID BEAM

HYBRID GIRDER
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INCAMPLETE
INCOMPLETE INTERACTION

INDETERMINATE
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INTERACTION
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167
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83

303
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INTERCHANGE
INVERTED T-BEAM
ISOPARAMETRIC ELEMENT

JAPNESE NATIONAL RAILWAYS
JOINT

L

LATERAL LOAD DISTRIBUTION
LATERAL SYSTEM
LIGHTWEIGHT CONCRETE

LIMIT STATE DESIGN
LOAD FACTOR DESIGN
LOAD-DEFLECTION
LOCAL BUCKLING

LONGITUDINAL BENDING BEHAVIOR
LONGITUDINAL SHEAR STRENGTH

w

M.R METHOD
MEASUREMENT
METAL DECK
METHOD
MICROCRACKING
MOMENT
MOMENT~-ROTATION CURVE
MORTAR
MULTI-GIRDER
MULTICELL
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NEGATIVE BENDING
NEGEATIVE MOMENT
NON-PRESTRESS
NONLINEAR

NONLINEAR RESPONSE
NORMAL WEIGHT CONCRETE
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99
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350
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290
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79
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93

291

59
333
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71
338
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410
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339 363 364 380 381

194
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OCTAGONAL TUBE
OPEN-WEB

OPEN-WEB BEAM
OPEN-WEB JOIST
OPEN-WEB JOISTS
OPTIMUM DESIGN
ORTHOTROPIC
ORTHOTROPIC PLATE
OVERLOAD
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PARTIAL COMPOSITE BEAM

PARTIAL INTERACTION

PARTIAL SHEAR CONNECTION
PARTIALLY CONCRETE-ENCASED BEAM
PHYSICAL PROPERTIES

PIPE

PLASTIC

PLASTIC DESIGN

PLASTIC ROTATION
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POST-TENSION
PRACTICE

PRECAST
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PRESTRESS
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PUNCHING SHEAR
PUSH-OFF TEST
PUSHOUT TEST
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RAILWAY
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REINFORCED CONCRETE
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REPEATED LOADING
RESISTANCE
RESTRAINT

REVIEW

RIBBED SLAB
RIGID-FRAME
RIGIDITY

ROLLED STEEL BEAM
ROTATING SHEAR

S

SANDWICHE

SECTION

SECTION MODULUS
SEMI-RIGID JOINT

SHAFT

SHEAR BOND

SHEAR CONNECTOR

SHEAR FORCE

SHEAR LAG

SHEAR STREGTH

SHEAR TRANSFER
SHEARHEAD REINFORCEMENT
SHEARING FORCE

SHORT SPAN BEAM
SHORT-SPAN BRIDGE
SHRINKAGE

SHRINKAGE STRESS

SIMPLE PLASTIC THEORY
SIMPLY SUPPORTED BEAM
SIMPLY SUPPORTED BRIDGE
SIMPLY SUPPORTED GIRDER
SKEWED GIRDER

SLAB

SLIP

SPACING

SPECIFICATION

SPIRAL SHEAR CONNECTOR
SQUARE TUBE

STANCHION

STATIC

STATIC BEHAVIOR

STATIC STRENGTH

STATIC TEST
STEEL DECK
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STEEL-ENCASED
STIFFENED PLATE
STIFFNESS

STRAIN HARDENING
STRENGTH

STRESS

STRESS ANALYSIS
STRESS FUNCTION
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192

335
399
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STRINGER
STUB~GIRDER
STUD CONNECTOR

STUD(D.5 INCH)
STUDC0.625 INCH)
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STUDC19 MM)
SUPPORT

SURFACE CONDITION
SUSTINED LOADING
SWISS
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T-BEAM

TEE-BEAM
TEMPERATURE
TEMPERATURE LOAD
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TENTATIVE CRITERIA
TEST

THEORY

THERMAL BEHAVIOR
THERMAL STRESS
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TORSION

TOWER

TRAFFIC LOAD
TREATMENT
TRIAXIAL EFFECT
TRUSS

TUBE

TUBULAR
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377
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462

399
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47
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292
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187
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159
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ULTIMATE LOAD
ULTIMATE STRENGTH

UNBRACED FRAME
UNBRACED LENGTH
UNIFIED DESIGN METHOD

W

VARIABLE LOAD POSITION
VERTICAL SHEAR STRENGTH
VIADUCT

VIBRATION

w

WALL
WALL-COLUMN
WELD
WELDING BOLT
WIDE FLANGE

7

YIELD STRENGTH
YIELD-LINE ANALYSIS
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419
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