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Abstract— In this study, the behavior of nine steel framasiig various infill properties under
reversed-cycling loading were investigated expenitaiéy. The steel frame systems consist of a
single story with span/height ratios of 1, %2 and2e selected.infill properties are no infill, bec
wall infill and brick-wall + plaster infill. The neersed-cycling loading was applied to test the
specimens laterally to simulate the seismic loalenl the displacements occurring at the
specimens were measured. Strength envelopes tyidiecreases and energy dissipation properties
of the infilled frames were determined and the ltesabtained are compared.
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1. INTRODUCTION

Infill walls change the behavior of frames.consaddy under lateral loads and affect mainly thergitle,
rigidity, energy dissipation, etc. characteristi&udies on the structural behavior and response of
masonry infilled frames extend to as early as®®0%[1]. Findings pertaining to infilled frames from the
1950s to the late 1980s are presented.in a stateeddrt report prepared by Moghaddetal. [2]. In
general, researchers employed two different testimgmes in their investigations; the first one aam-
plane, diagonal and compressive loading of a sifighae unit and the second was an in-plane radieisig
in which the frame had-been. subjected to a topdhtead [1]. Holmes[3], Stafford Smith[4-6],
Mainstone and WeeK¥], Dawe and Seal8], Flanganet al. [9], Manderet al. [10], and Dukuzet al.
[11] have studied the behavior of masonry infilled Istiegnes under lateral loadi$2].

In this study, nine single story steel frames (Wit scale) having various infill wall propertieene
tested under lateral. reversed-cycling loading, &tmg seismic action13-15. The frames were
constructed with-various span/height (I/h) ratiad different infill wall properties. The propertie$ the
produced test specimens were the following:

1) Frame systems with infill wall span/height raith = 1), a-frame system with no infill — N116h#1),
b- frame system with brick-wall infill — N111 (I/lH3, c- frame system with brick-wall + plaster ihfd
N112 (I/h=1). 2) Frame systems with infill wall spheight ratio (I/h=2), a- frame system with naillrf
N110 (I/h=2), b- frame system with brick-wall inf# N111 (I/h=2), c- frame system with brick-wall +
plaster infill — N112 (I/h=2). 3) Frame systemshwiitfill wall span/height ratio (I/h=1/2) , a-fransystem
with no infill — N110 (I/h = 1/2), b-frame systewith brick-wall infill — N111 (I/h=1/2), c-frame Stem
with brick-wall + plaster infill -N112 (I/h=1/2).
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2. PRESENTATION OF TEST MECHANISM AND TEST TECHNIQU E

U profiles, manufactured by the bending of coleekf#ates, were used for the preparation of steehés
and infill walls with various properties were caunsted inside the steel frames. For a brick-wdilljn
laterally placed hollow brick blocks were used. Tireek-wall+plaster infilled specimens had 17.5 mm
plaster on both sides of the wall. The physical gadmetrical properties of the prepared test spsETsm
are given in Table 1.

Table 1. Physical and geometrical characteristi¢est specimens and experimental results

Experimental Energy onsumed at th
Frame | maximum hteral Ultimate rigidity end of the test
span/ load
Specimens height Initial Cumulative
Load o Rigidity Consumed| Cumul.
ahy | vy | @H) | Rigdiy | gapamylh OH) T TEnergy | s@am)
(KN/mm)
(KNmm)
N110 (I/h=1 843/823| 32,37 | 0,0994 1,46 040°| 00994 10878 0,422
No infill (empty)
NLLLUM=D) | g43/823) 41,42| 00247 1075 | 023 | 01108 14877 | 043}
Brick-wall infill
N112 (=1) | g43/823| 56,92 | 0,0247 1930 | 045 | 00988 17978 | 0,416
Brick-wall+ plastet
N110 (I/h=2) 1643/823 27,15 | 0,072 1,28 023 | 01115 13237 | 0,435
No infill (empty)
NILLUM=2 —1643/823 4550 | 0,0241 1320 | 033 | 01019 17406 | 0437
Brick-wall |nf|‘II
N2 (=2 16431823 63,23| 0,0243 2580 | 033 | 01323 17886 | 043D
Brick-wall+ plastet
N110 (/h=1/2 843/1603 12,97, 0,051d " 0.46 014 | 00538 2091 0,28%
No infill (empty)
N111 ("h=1/2)  1g43/1603 23,64 | 0,0244 372 013 | 00560 5871 0,275
Brick-wall infill
N112 (1h=112) "~ lg43/1603 28,60 | 0,0324 610 | 017 | 00552 7429 | 0,28]
Brick-wall+ plastet

The prepared specimens were tested under lateraisesl-cycling loads and the necessary load and
displacement data were recorded. The system hagdabase plate that enables test specimens to be
rigidly supported by using bolts. The lateral losas applied at the top of the frame. The displacgsne
measurements were made by using LVDTs and thealatiésplacements of the top edges of the steel
frame were determined. Load measurements were mmadesing a load cell working in contact with a
hydraulic jack. All of the tests were carried oudar displacement control and performed by applging
10 mm incremental displacement at each cycle. Thpgse of selecting such a loading program was to
generate a method to compare the results obtained different specimens. This is because eacheof th
frame systems has different structural charactesisfTherefore, each frame system could be evaluate
according to lateral displacement aw¢h] ratio with desired behavior characteristics anthpared with
other specimens. In order to see the completealatead-top displacement curve and evaluate the
behavior of the steel frame at high displacemehteg the ultimate applied drift ratio was higheart the
code requirement.

3. RESULTS AND CONCLUSIONS

For each specimen, the strength envelope, rigid@terioration and energy dissipation values were
obtained. These results were then compared with ether in Table 1 and Fig. 1. In the table, thelieg
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maximum lateral load and corresponding displacemené also listed. The following results are olgdin
during this experimental study.

LOATY (M)

DISPLACEMIENT tmumu Dbl D3 v

a) (I/h=1) b) (I/h=2)

Lok

DISPL AT FRTECT trinng
) (I’h=1/2)
Fig. 1. Strength envelopes.of frame systems hadiffigrent infill wall span/ height
1. The infill walls, having various. structural charmgstics, considerably increase the lateral load
bearing capacity, lateral rigidity and energy diasion capacity of the steel frame system under

lateral loading.
2. The ratio of the infill wall.span/height (I/h) cadsrably affects the lateral load bearing capacity,

lateral rigidity and energy.dissipation capacitytted frame system under lateral loading.
3. While the ratio of the infill wall span/height (Ml increases the lateral load bearing capacity, th

ratio of (I/h)<l decreases it significantly.
4. 1t is clearly seen that plaster usage on brick svatinsiderably increases the lateral failure load,

lateral rigidity and energy dissipation capacitytieé infilled frame system. For this reason, specia
care should be given to using plaster in applicatio

Acknowledgements This study is supported by the Selcuk UniversityieSiific Research Project
Coordinator (BAP-99-030), and the Scientific anccHimical Research Council of Turkey (TUBITAK),

Intag569.

REFERENCES

1. Hakam, Z. H. R. (2000Retrofit of hollow concrete masonry infilled steel frames using glass fiber reinforced
plastic laminates. Ph.D. Thesis, Drexel University.

April 2008 Iranian Joual of Science & Technology, Volume 32, Number B2



160

10.

11.

12.

13.

14,

15.

M. Y. Kaltakci et al.

Moghaddanet al. (1987). The state of art in infilled frames. ESEesearch Report No 87-2, Civil Engineering
Department, Imperial Collage of Science and Teabgol

Holmes, M. (1961). Steel frames with brickwork amwhcrete infilling.Proc. Inst. Civ. Engrs. Vol. 19, pp. 473-
478.

Stafford, S. (1962). Lateral stiffness of infillé@mes.J. Sruc. Div. ASCE, Vol. 88, No. 6, pp. 183-199.
Stafford, S. (1966). Behaviour of the square iafllframesJ. Sruc. Div. ASCE, Vol. 92, No. 1, pp. 381-403.
Stafford, S. (1967)Methods of predicting the lateral stiffness and strength of multi-story infilled frames. Build.
Sci. Vol. 2, Pergomon Press, Oxford. U.K., pp. 257-

Mainstone, R. J. & Weeks, G. A. (1970). The infloerof bounding frame on the racking stiffness anehgth
of brickwalls,Proc. 2™ Int Brick Masonry Conf., Stoke on Trent England, pp. 165-171.

Dawe, J. L. & Seah, C. K. (1989). Behaviour of maganfilled steel framesCan. J. Civ. Eng. Vol. 16, No. 6,
pp. 856-876

Flanganet al. (1992). Experimental testing of hollow clay tilgilled frames.Proc. 6" Can. Masonry Symp.,
Univ. of Saskatchewan, Canada, pp. 633-644.

Mander, A. B..et al. (1993). An experimental study on the seismic grenince of brick infilled steel frames
with and without retrofit. Rep. NCEER-93-0001, sthiniv. of/New York at Buffalo. N.Y.

Dukuze,et al. (1998). Assessment of diagonal and racking lapdinRC infilled framesProceedings of the 8"
Canadian Masonry Symposium, Jasper, Alberta, pp. 385-397.

Mehrabi, et al. (1996). Experimental evaluation of masonry iefill RC frames.Journal of Sructural
Angineering, ASCE, Vol 122, No. 3, pp. 228-237.

Kaltakci, M. Y. & Koken, A. (2003). An experimentahd theoretical study on the behavior of infillsteel
frames under reversed-cycling loading, Researcfe&tgéelcuk University, BAP, Konya, Turkey, (Inrkish).
Kaltakci, M.Y. & Koken, A. (2003). Cyclic behaviowf infilled steel frames. TUBITAK Project Number:
Intag569, Ankara, Turkey, (In Turkish).

Kdken, A. (2003).Cyclic behaviour of infilled sted frames with multi storey and multibay a theoretical and
experimental investigation. PhD. Thesis, Selcuk University, Natural and ApgliSci. Inst., Konya, Turkey, (In
Turkish).

Iranian Journal of Science & Technology, Volume 3Rumber B2 April 2008



