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EXPERIMENTAL STUDY ON THE INELASTIC STABILITY
OF
LONG STEEL REINFORCED CONCRETE COLUMNS PART I

By Minoru WAKABAYASHI, Koichi MINAMI
and Hajime ASAKUSA

Synopsis

In order to obtain the information on the elasto-plastic instability characteristics of long
steel reinforced concrete columns, parametric experimental study carried out on the strength,
deflection curve and failure mechanism under eccentrically axial load, using 15 column
specimens. Variables chosen for experiments are the effective column length and eccentricity
at each end. All column specimens are of the same square cross section (10 x10 cm) with
H-shaped steel component. On the basis of the experimental and theoretical researches on
the moment-curvature relationships of the column section under constant axial compression
and monotonous applied pure bending, the stress-strain relationship of concrete is formulated.
In the instability theoretical analysis, the shape of column deflection is assumed to be a part
of cosine wave. From the comparision between the results of the test and the analysis, it is
recognized that instability strength of steel reinforced concrete column can be estimated
with a sufficient accuracy by the analysis, but that load-deflection relationships from the
analysis does not predicted perfectly on the experimental result.
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Table 1. Properties of specimen and test results of moment-curvature rclationship.

Concrete | Yield strength| Ultimate | Applied | Applied Mazximum strength

Specimen | strength | Jfoll Seetton ot colgmn| 2al load | 02 Bending | Curvaiure

Fo(kg/em?) | g, (t/cm?) No(t) N | N/Na8) |\ oy (1072
1|SCo 0.0 0.0 57.1 0,743
218C2 6.3 13.9 62.9 0. 803
3/SC4 238.9 45.2 18.3 40.5 45.9 0. 755
418C6 ’ 27.4 60. 6 36.6 0. 600
5{SC8 36.5 80.8 32.1 0. 498
6 | SR0-1 0.0 0.0 57.1 0.798
7| SR 2-1 9.0 19.1 65.2 0.788
8| SR 4-1 258.2 2.76 47.1 18.0 38.2 52.3 0. 808
9 | SR 6-1 27.0 57.3 42.3 0. 600
10 | SR 8-1 36.0 76.4 13.7 0.175
11 { SR 0-2 0.0 0.0 54.4 1.115
12 { SR 2-2 8.9 20.3 60.5 0.974
13 | SR 4-2 228.5 43.8 17.8 40.6 52.5 1.087
14 | SR 6-2 26.7 60.9 42.0 0.574
15 | SR 8-2 35.6 8.2 19.3 0. 640
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Fig. 1(a). Cross section Fig. 1(b). Cross section
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Table 2. Properties of specimen of long columns.

. Yield strength
Effective |Slenderness - Concrete
Specimen Length length ratio | Becentricity| Gronath gtfeg_::;li);?
1, (cm) 1 (cm) A e (cm) |Fy(kg/cm?) g, (t/cm?)
101 A 025 64 22 0.25 190 2.80
102 A 050 50 64 22 0.50 190 2.80
103 A 100 62 21 1.00 191 2.76
104 A 200 64 22 2.00 190 2.80
105 B 100 100 112 39 1.00 238 2.76
106 C 025 164 57 0.25 210 2.80
107 C 050 150 164 57 0.50 225 2.80
108 C 100 162 56 1.00 212 2.76
109 C 200 164 57 2,00 225 2.80
110 D 100 200 212 73 1.00 212 2.76
111 E 025 264 0.25 210 2.80
112 E 050 250 264 91 0.50 225 2.80
113 E 100 262 1.00 238 2.76
114 E 200 264 2.00 225 2.80
115 I F 100 1 300 312 108 1.00 191 2.76
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Fig. 11. Cross section of long column. Fig. 12. Specimen of long column.
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Photo. 2. Detail of apparatus. Fig. 13. Detail of apparatus.
Table 3. Test results of long columns.
Maximum load ‘ Crashing load Tensile cracking load
Specimen ”Wﬁiiiﬂwﬁwﬂafeir al’iil L _MAL_éféral A Lateral
Axial load deflection ! Axial load deflection Axial load deflection
o ® | (emx107%) | ® | (cmx10-% O] (cmx107%)
101 A 025 36.0 155 35.1 232 E 28.9 394
102 A 050 31.4 187 31.3 247 31.4 215
103 A 100 29.7 224 28.5 109 —
104 A 200 20.2 303 20.1 342 1.8 9
105 B 100 25.9 621 22.0 7 1354 — —
106 C 025 30.9 513 22.7 1847 30.1 422
107 C 050 28.1 778 23.3 1775 28.1 778
108 C 100 19.4 1105 16.9 2256 - —
109 C 200 ‘ 15.2 1871 14.2 2759 4.6 255
110 D 100 15.5 2230 13.2 3838 | - | —
111 E 025 18.2 1114 16.2 2607 18.2 i 1411
112 E 050 15.7 1412 11.1 5903 15.5 ! 1656
113 E 100 1.5 | 3608 9.9 5696 - | —
114 E 200 9.4 4444 7.8 6994 0.6 | 55
! ~ : i — .
| us | F o100 8.7 | 4473 72 | 781 - —
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Photo. 3. Specimens after test of A, C and E series.
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Fig. 16. Load-deflection curves.
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Fig. 18. Comparison of the test results. Fig.19. Comparison of the test result and

the caluculation.
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m = M/BD%F,
n = N/BDF,

Im ¢ ERRRE T O REME
e : WHAHEORLE

a : V7 )~ OBV AEERICED 2EKBBUBOBRBIETRERTEK
a : ERNBAROVDTHE
e : BIRNBSROUVTAE
e, 1 BLHEOOTHE

6 : AV Y- ORAEVOTLERRICEY 2BAREROVTAE

i MRR=VE

¢ ¢ HIR

oy SEMORRRE
(b) aAvH Y- bOREHRE

avy Y~ bPREAERINCE LTI, REREE 210kg/cm?, 25 v 7 2lem L lfc, 4 Y FELTI,

Table (b)-1. Fine and coarse aggregates.

Fine aggregate Corse aggregates
Spacimen Weight of o Weight of
Gravities unit volume };llggnfs: Gravities unit volume
(ke/ “ (keg/D
SR-1,SC,PC 2.60 1.83 2.06 2. 63 1.58
A~F 100 2.56 1.49 2.05 2. 49 1.61
SR-2
A, C, B 025 2.53 1.49 2.04 2.56 1.57
A, C, E 050
A, C, E 200
Table (b)-2. Mix proportions of concrete.
Water-cement Mix proportion ratio by weight
Specimen ratio
(%) Cement : Fine aggregate : Corse aggregate
SR-1, SC,PC 70 1 2.59 2.98
A100, F 100 69 1 2.40 2.13
B100, C100 65 1 2.28 2.03
D100, E 100
SR-2
A, C:" E 025 70 1 2.58 2.90
A, C, E 050
A, C, E 200
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EERNVFS AV PEERAL, SEMELTIR L2mm DFOJIREFERL, BE8#E LTIE 10mm
YT, s5mm P LOH—NEO/RFEZER Uz, BAKELTIE, BEMIBE—NETHIDIZ D
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WTid, Table (b)-1 T, %7z, BEBERICDOVTII, Table (b)-2 L ZNENERT,
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vy ) — PREONEIC S > T, HEkE LT, 10° X20cm OEEMAHRE, 37, SRERE
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%, BEENC10X 10X 20D AR AL MK F 22NENRL, BEEIHI L 338 ERT, Fig (¢)-3
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Fig. (c)-1. Concrete strength. Fig. (c)-2. Concrete strength.
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Fig. (c)-3. Concrete strength.
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Table (c). Concrete strength (kg/cm?).

Prism strength | Prism strength |Cylinder strength | Split tensile
Specimen 10x10x40cm | 10x10x20cm 10# x20cm strength
wFe 20Fs F, 10¢ x20cm

A025, A050,A200 190. 4 187.8 165.4 16. 60
C025, E025 210.0 215.8 225.5 19. 68
C050, E200 224.7 219.9 226.1 23.07
C200, E050 225.3 235.2 223.7 20.37
A100, F100 190.5 —_ 176.2 19.18
C100, D100 211.7 — 206. 2 20,21
B100, E100 238.2 — 244.6 21.62
SR-1 258.2 — 226.0 23,42
SR-2 228.5 234.6 229.6 20.15
SC 238.9 - 229.1 22.82
PC 298.5 — 270. 4 28.22
RC 332.8 —_ 360. 5 —
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