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1. Introduction:

Reinforced Concrete: Concrete-filled steel:
* Compresive stength * Higher strength
Structural Steel: * Heavy weight * Moderate weight
* High strength * Monolithic * Ductile
gl * Suffer at seismic * Bolted or welded
* Ductile material N o oAt * Excellent seismic
g Dilca ORCldEd * Long time erection * Rapid erection

* Excellent seismic
behaviour

* Rapid erection
Concrete-filled thin steel —— Local Buckling effect
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2. Experimental program

- E{%ﬁ __W 34 Main studied parameters:
| {a{ #" *The cross section shape
sv—l ’é""’ *The Stub height(50-500mm)
NERE: *The in filled concrete and its
age

*The welding nature

*The welding location
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3. Materials and fabrication

Steel: fy=300. MPa, fu=410. MPa, Es=205GPa

Table 1

Slag concrete mix properties,
Cement content 350 kg/m’
Water-cement ratio A0
10 mm crushed slag stones 1200 kg/m’
Sand 2/5 600 kg/m’
Slump 70 mm
Compressive strength at 28 days 20 MPa
Compressive strength at 3 years 30 MPa
EC 21 GPa
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Slag concrete X-rays analysis and SEM Views
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4. Experimental non-buckling squash loads

r —_— —_— e
EC3V.s. Test s EZS;
250 -
200 1
Table 2 Z 150.
Experimental non-buckling squash loads for all series. § 100
S H BT Tet Flled EG BG4 EC >
e, (mm) (mm) (mm) (kN empty (KN) (KN} Test O Um0 EWS50 EWL50 TVEO
) 2) 3) t 3 (6] (7 (8) (9) Empty Steel Stubs
Vil 97 [} Ix o0 20 M4 - KN T —
P50 99 6 25 0, - 306 090 EC4V.s. Test mEC4
WSSO 97 71 23 80 32 19 - 14 >0
(Wsso 98 4 2 500 - 306 061 0
EWLS0 96 L 2 183, 260 19 - 1.08 % 300
(W50 94 n 2 490, - 6 062 § 200
Va0 9 L 2 . 287 1% - 117 100
T 9% 15 2 488, - 06 062 0
P50 CWS50 CWL50 TP50
Composite Squash Stubs
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5. Finite elements modeling

CwWs200
S, Mises
S, Mises SHNEG, {fraction = —1.0}
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it.: 2 e

{ave. Crit.: 78%) 15290080
+2. 950et+02 582 ot
+2.7172+02 237 e+02
+2. 484402 Z13et0Z
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+1.085e+02 e
+8. £19e+01 -241e+01
+6.187e+01 -399e+01
+3.856et01
+1. 525e+01

S, Mises
SNEG, {(fractiom = -1.0})
(Awe. Crit._: 75%)

TV500

3, Mises
SIC, {traction = -1.0)
thwve. Crie.: 75%)

+2. 212e+01

Fig. 18. Experimental and numerical failure modes.

Steel: Thin shell element
Concrete: Thick shell element
Welding: welding element
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Table 3
Results for empty steel stubs.

6. Test results

Stub H B T L Test FEM EC3 FEM/ EC3/

ref. (mm)} (mm) (mm)} (mm) load load (kN) Test  Test
(1) (2) (3) (4) (5) (kN)  (kN} (8)  (9)  (10]

(6} (V)
V1 97 72 24 196 150 1475 247 0984 164
V2 99 69 25 298 146 1447 247 0991 169
V3 97 71 23390 130 1289 247 0992 190
V4 100 70 24 490 120 1192 247 0994 205
EWLIOO 98 74 2 100 180 1784 199 099 110
EWLISO 98 74 2 149 174 1738 199 099 1.14
EWL200 96 74 2 198 169 165 199 098 117
EWL300 94 72 2 295 154 1537 199 099 129
EWLA00 96 74 2 395 150 148, 199 099 132
120 - Ll EWIS00 98 75 2 490 145 1421 199 098 137
180 e - EWS100 102 68 2 100 159 161 199 101 125
> 1101 EWS150 102 68 2 150 156 154 199 098 127
,;,1:3 EWS200 102 68 2 200 148 145 199 098 134
$ ol xws EWS300 103 68 2 295 146 144 199 097 136
g 1304 EWS400 104 68 2 395 141 140 199 099 141
= 120 4 v EWSS00 104 68 2 490 140 138 199 099 142
1;3 TVIOD 999 69 195 100 168 165 199 098 1.18
. o - e P . oo | TVISO 100 68 195 150 167 163 199 097 119
Stub Height (mm) TV200 101 69 191 200 166 160 199 096 119
V300 99 69 2 300 165 158 196 095 118
Fig. 7. Experimental ultimate loads for empty steel stubs. TV400 100 58 2 400 165 155 191 094 115

TvsDD 100 68 2 500 164 153 18 093 113
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6. Test results ed
Results for compote concrfe-filed steel sfubs.
Swbret  Himm)  B(mm) t(m)  Llmm)  Testload (k)  Filledempty  FM{N)  ECARN  FEMTet  ECATest
() t (3 W0 4] u (8 t] (10 (1)
M 102 [ Al 20 B0 186231 B3 064 10308 109116
) 102 [ bl 30 303 15123 MRS 64 M08 13T
B ] 7 | 400 21039 161260 D0A0G 064 TA080 143109
M 100 [ Al 50 1507264 1520 U39 W30 0%60% 20050
(Wioo—— % [ ] 100 0 11 35 106 1] 1%
(Wi % i 1 15 0N 1\ 0 306 1n 10
W % [ 1 20 i | M 8 306 099 105
Wi % [ ! 30 m 175 il 36 1 113
W % [} ! 400 1 116 47 36 099 115
WS 9 [} ! 500 20 14 576 g 099 116
Composite stubs (WS 102 6 1 150 i 18 Ji3] 306 096 105
cwL (WSSl 104 6 1 150 b3 18 i 306 10 107
™ (Wl 102 6 1 20 n 18 Jil| 306 10 113
2715 cws (WS300 103 ) 1 30 1 181 20 306 096 115
E_ — (WSl 102 b 1 400 il 1\ 15 306 1n 12
w395 4 (WSs00 102 b 1 50 i 17 /| 13 096 123
® w000 il ! 100 8 1\ n 36 1 102
L " 0w () 197 150 P 13 15 36 1n 105
Ll meoow % W WK I8 moow% W
2 O 6 1 30 | 160 20 306 096 115
123 p 160 26-0 360 460 5;m 3;}0 0 00 6 1 400 i1 150 53 300 10 120
Stub Helgth {mm) 0010 6 1 500 | 1 105 14 041 13
* 28 daysloads3 years oads for P to P4,
Fig. 8. Experimental ultimate loads for composite stubs.
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Fig. 10. Experimental load-strain variation for empty steel stubs, EWL series.
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Fig. 11. Experimental load-strain variation for empty steel stubs, EWS series.
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Fig. 9. Experimental load-strain variation for empty steel stubs, V series.
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Fig. 12, Experimental load-strain variation for empty steel stubs, TV series.
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Fig. 13. Experimental load-strain variation for composite stubs, P series. Fig. 14. Experimental load-strain variation for composite stubs, CWL series.,
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Fig. 16. Experimental load-strain variation for composite stubs, TP series.
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Fig. 15. Experimental load-strain variation for composite stubs, CWS series.
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TV series

V & P samples

EW & CW samples after test
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Conclusion:

Empty thin steel stubs strength was affected by:

Shape, length, welding nature and its
location.

More strength is reached for composite stubs.
Discontnous welding had a decreasing effect on
squash loads.

The age of concrete increased the composite
strength.

The F.E. models gave acceptable results.

The failure mode for thin steel stubs is by local
buckling and by steel yielding and concrete
crushing for composite stubs
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