CHAPTER III

VERIFICATION OF PROPOSED CONFINEMENT MODELS

3.1 Stress-strain Relationship for Confined Concrete

To verify the validity of the oposed, we first examine the accuracy in

predicting the axial strains in perimeter lumn specimens tested by Sun et al
e t@i

(1996). Table 3.1 lists th £ imens. It is to be noted that the
————
speclmens were remforced Atk 1 he predicted values of the axial

strains normalized to the yigld's [ ) functions of the volumetric

It is seen that, for columns

reasonably well, with a dfscrgbagyfazouid 10-40% in géneral. For columns with 6-mm
ties, the agreements are pa , that while the experimental
easuring strains in hoops, the
cting the trend of influencing

parameters. This can be seen by 9Zma}1n he test results of Specimens HB6-70 and

confined by 6-mm d1 néfer transve
1.70%, while the latter sgci{h was 104m diameter ties at 80 mm
spacing, resulting in a vollametnc ratio aboutq-tynce that of Specimen HB6-70. The

proposed analyti ﬁmﬁﬂ g ‘{]ﬁ ? Specimen HB10-80
higher than tho. ﬂggen 8%, consistent with previous findings that
suggest g with more
wmemﬁﬁmmmgj)ﬁdmaal 99)]. On the

other hand, the experimental results for these two specimens failed to reflect this fact
(refer to Figure 3.1). Furthermore, at a given volumetric ratio, a tie configuration which
results in a higher hoop stiffness, as indicated by a higher value of the ratio of the hoop
diameter dj, to the unsupported length L, should give rise to a larger axial strain in the
hoop. Again, this is nicely reflected in the analytical results shown in F igure 3.1.
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The axial strains in the ties are related to the effective confinement pressure.
Therefore, it is interesting to compare the effective confinement pressures predicted by
Razvi and Saatcioglu (1999), ogks, and the present study, Guprop. Tables 3.2-3.4 list the
relevant details of the specimens considered for comparison, which cover both normal-
and high-strength concrete and various tie configurations. Typical arrangements of the
transverse steel are shown in Figure 3.2. The unconfined concrete strength and the yield
strength of transverse steel ranged from 50 to 105 MPa and 400 to 1400 MPa,
respectively. The values of the effec ive confinement pressure are plotted in Figure 3.3

together with the best fit curve which :

with the goodness-of-fit i of 0472, < . \ N

\ ¢ Specimens and the specimens
tested by sheikh (1980) are compare Qﬁﬂ, rr ¢perimental results in Figure 3.4. The
details of the reinforced concrete nhs tested ‘ . ikh and Uzumeri (1980) are given
in Table 3.5. Good agreement 4§ '7“" \ maximum difference between
experimental and analytical resulés™ al inally, samples of stress-strain
relationships for both nosa _ ~~m:' confined by normal- or
high-strength transverse steel a
determining the peak co d compressive strength of the sel€cted columns are given in
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.9=Samples of calculation for



Normalized hoop strains
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Figure 3.2 Typical arrangements of transverse steel
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Figure 3.4 Comparison of predicted confined compressive strength with experimental results
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Figure 3.6 Stress-strain relationship for column Unit 3 [Nishiyama et al. (1993)]
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Figure 3.8 Stress-strain relationship for column 4B6-21 [Sheikh and Uzumeri (1980)]
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Table 3.1 Strength enhancement in square columns tested by Sun et al. (1996)

32

Column | p4 Tie B, d, s Sn | fe So (MPa) Analytical/
label (%) conﬁguratior* (mm) | (mm) | (mm) | (MPa) | (MPa) | Experimental Analytical | experimental
1) () (3) (4) ) (6) ) (3) ) (10) (an
HA6-20 | 3.48 TypeA | 162 | 64 | 20 | 1025 | 438 62.7 68.7 1.10
HA6-30 | 232 TypeA | 162 | 64 | 30 | 1025 | 438 58.4 60.2 1.03
HA6-40 | 1.74 TypeA | 162 | 64 | 40 | 1025 | 438 55.1 539 0.98
HB6-35 | 339 | TypeB | 162 | 64 | 35 | 1025 | 438 72.4 773 1.07
HB6-50 | 238 TypeB | 162 | 6.4 50 | 1025 | 438 67.9 65.0 0.96
HB6-70 [ 170 | TypeB | 162 | 64 | 70 | 1025 | 438 58.7 58.0 0.99
HA1035( 440 | TypeA | 158 | 96 | 35 | 872 | 456 69.8 73.7 1.06
HA1047( 328 | TypeA | 158 | 96 | 47 | 872 | 456 66.4 65.9 0.99
HA1060| 257 | TypeA | 158 | 96 872 | 456 65.8 613 0.93
HB10-60| 440 | TypeB | 158 \ : 442 84.5 93.4 1.10
HB10-80( 3.30 TypeB | 158 442 73.1 76.0 1.04
HB10-100( 264 | TypeB | 158 00 2 613 66.7 0.99
Note : Type A consists of w;s only; T@ts of perimeter and inner ties.
Table 3.2 Strength e i and Saatcioglu (1999)
Column| p, So (MPa) Analytical/
label (%)  |configurati imental[ Analytical | experimental
1) (2) (10) (¢3))
Cs-1 333 116.3 0.96
Cs-2 1.62 114.9 0.94
Cs-3 2.16 121.4 0.94
Cs4 2.17 121.7 0.99
Cs-5 132 : 114.8 0.94
Cs-6 1.05 type 2| 4 7 110.6 0.96
Cs-7 0.99 type3- {2235 | 65 | 1 5.0 1115 0.97
Ccs8 | 323 type 2 187 f 113 : ﬂ 17.8 122.5 1.04
Cs-9 3.06 tpe3 | 2187 | 113 1054 | 1342 124.7 0.93
CS-11| 458 type 1 187 | 113 | 40 | 400 | 689 93.9 83.4 0.89
Cs-12| 333 tpel | 21874 113 [ 55 | 490 | 689 82.1 79.1 0.96
Ccs-13| 162 u = Gl | - 87.6 1.02
Cs-14| 216 g,; ?I sv. % §J ’] ﬂ 94.9 1.01
Cs-15 | 217 % ¥ A5l ftsl ) : 5 89.3 0.94
Cs-16 | 187 3 |25 15 5 | 1000 | 689 95.2 °.37.4 0.92
CS-17| 1.05 type2 | 2235 | 65 s | 400 0.98
S5 ANENE| S 8 nEag |
Cs-19 8 7 9 0.92
CS20 | 43 type 2187 | 113 | 85 | 400 | 782 106.3 105.4 0.99
Cs-22 1.4 type2 | 2225 75 | 85 | 1000 | 510 68.0 61.0 0.90
cs23| 132 type3 | 2225 75 | 120 | 1000 | s51.0 713 615 0.86
CS24 | 323 type2 | 2187 | 113 | 85 | 400 | 510 69.7 69.1 0.99
cs2s5| 3.6 type3 | 2187 [ 113 | 120 | 400 | 510 72.6 70.1 0.97
Cs26 | 2.6 type3 2235 65 | 55 | s70 | s1.0 76.7 70.2 0.92
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Table 3.3 Strength enhancement in square columns tested by Nishiyama et al. (1993)

Column Ph Tie B, d, s Syn e S« (MPa) Analytical/
label (%)  |configuration (mm) | (mm) (mm) | (MPa) | (MPa) |Experimental Analytical | experimental
1) (2) (3) (4) (5) (6) @) (8) ) (10) (1)
Unit-1 4.06 Type 3 214 6 31 813 924 145.0 1355 0.93
Unit-2 4.06 Type 3 214 6 31 813 924 137.0 135.5 0.99
Unit-3 4.06 Type 3 214 6 31 813 924 145.0 135.5 0.93
Unit-4 2.78 Type 3 214 6 45 813 | 924 122.0 117.1 0.96
Unit-5 2.10 Type 3 214 6 60 813 924 120.0 109.1 0.91
Unit-6 2.10 Type 3 214 6 60 813 924 110.0 109.1 0.99
Unit-7 2.10 Type 3 214 6 60 813 | 924 120.0 109.1 091
Unit-8 1.78 Type3 . | 216 4 840 | 924 120.0 105.9 0.88
Unit-9 4.06 Type 3 214 6 96.2 134.0 120.9 0.90
Unit-10 4.06 Type 3 214 G 96.2 133.0 120.9 0.91
Unit-11 2.78 Type 3 214 96.2 117.0 1134 0.97
Unit-12|  2.10 Type 3 214 5.2 115.0 . 109.6 0.95
Unit-13 2.10 Type 3 115.0 109.6 0.95
Unit-14 1.78 Type3 115.0 107.5 0.93
Table 3.4 Strength e agashima et al. (1992)
Column P S (MPa) Analytical/
label (%) Expmmtal Analytical | experimental
() (2) ) (10) (11)
HHOSLA 1.73 Type3 122.8 112.0 091
HHI10LA 2.12 Type3 122.5 116.5 0.95
HHI3LA 2.73 Type 3 1315 123.6 0.94
HLOSLA 2.03 118.2 117.0 0.99
HLOSLA 133.2 122.6 0.92
LLOSLA 65.4 0.95
LLOSLA 773 0.97
LHOSLA 199.¢ 65.5 0.92
LHI3LA 88.6 1.03
HHI3MA 124.5 0.94
HHI13HA 1245 0.96
LLOSMA 74.9 0.94
LLO8HA 74.9 0.96
HHI13LD 121.9 0.95
LLOSLB 84.1 1.02
LLOSLD 71.1 0.92
HHI3MSA 123.8 0.95
HHI3HSA 0.92
LLOSMSA 5 a 79 0.96
LLO8HSA 75: 0.94
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Table 3.5 Strength enhancement in square columns tested by Sheikh and Uzumeri (1980)
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Column o} Tie B. dy s fn ' fe /' Analytical/

label (%)  |configuratio (mm) | (mm) | (mm) | (MPa) | (MPa) Experimental | Analytical | experimental
(O] () 3) (4) (5) (6) (0) (®) ©) (10) (11)
2A1-1 0.80 Type 5 267 | 476 | 572 | 490 | 319 1.18 1.11 0.94
2A1H-2 0.80 Type 5 267 1 476 | 572 | 269 | 315 1.26 1.07 0.85
4A3-7 1.66 Type 5 267 | 794 | 750 | 507 | 347 1.28 1.23 0.96
4A4-8 1.59 Type 5 267 | 4.76 | 28.7 | 533 347 1.36 122 0.90
4A5-9 2.39 Type 5 267 | 953 | 750 | 364 344 1.23 1.32 1.07
4A6-10 232 Type 5 267 | 635 | 350 | 470 | 345 1.31 1.31 1.00
2A5-14 2.39 Type 5 267 | 953 | 750 | 450 | 26.6 1.38 1.46 1.06
2A6-15 232 Type 5 267 | 635 | 350 | 490 | 26.6 1.47 1.43 0.97
4A1-13 0.80 Type 5 267 ‘ 26.6 1.30 1.14 0.87
4C1-3 0.76 Type 6 267 309 1.21 1.16 0.96
4C6-5 2:27 Type 6 29.7 1.64 1.53 0.93
4C6-H6 2127 Type 6 : 1.53 1.30 0.85
4C3-11 1.62 Type 6 1.27 1.29 1.02
4C4-12 1.52 Type 6 1.46 135 0.93
2C1-16 0.76 Type 6. 1.36 1.20 0.88
4C1H4 0.76 Type 6 1.20 1.11 0.92
2Cs5-17 237 Type 6 1.36 1.53 1.12
2C6-18 227 170 1.64 0.96
4B3-19 1.80 1.43 1.38 0.96
4B4-20 1.70 1.52 1.38 091
4B6-21 2.40 1.54 1.51 0.98
4D3-22 1.60 1.44 138 0.96
4D4-23 1.70 154 1.41 0.92
4D6-24 2.30 1.63 1.55 0.95
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