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ABSTRACT

This paper predicted the shear behavior of reinforced concrete columns using Transformation Angle Truss Model
(TATM) considered the effects of bending moment and axial force. Nine columns with various shear span- to-depth
ratios and axial force ratios were tested to verify the theoretical results obtained from TATM. Five linear
displacement transducers (LVDT) were attached to a side of the column near the shear critical region to measure
the curvature, the longitudinal and transverse axial deformations, and the shear deformation of the column. The test
was terminated when the value of the applied load dropped to about 85 % of the maximum-recorded load in the
post-peak descending branch. All the columns were failed in shear before yielding of the flexural steel. The shear
strength and the stiffness of the columns increased, as the axial force increased and the shear span-to-depth ratio
decreased. Shear stress—shear strain and shear stress-strain of shear reinforcement curves obtained from TATM
were agreed well with the test results in comparison to other truss models (MCFT, RA-STM, and FA-STM).
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Table 2 Specimen properties

Speci| a od fo N % Reinforcement
-men |{(mm) (MPa)| (kN) | \1pa)| Tension | shear
C2-0 375 | 00 | 00

C2-1] 510 | 2 | 375 |2259]| 251 b56
C2-2 375 [5490| 618 | 5-D% | @80mm
C3-0 350 | 00 | 00

C3-1} 765 | 3 | 350 {2061 | 245 | »,=331 | p,=0.205
C3-2 35.0 |4482] 4.98 % %
C4-0 350 | 00 | 00 |fy. 5245|2157
C4-1[1020| 4 | 350 |2133] 2.43 (MPa)|  (MPa)
C4-2 350 |450.9| 4.90

b =300 mm, d=255mm, h=2300mm, N = axial load
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Fig. 1 Details of specimen (C3 Series)
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Fig. 5 Shear stress-shear strain relations of experimental

and theoretical results

Table 3 Comparison of experimental and theoretical resuits for the shear strength and maximum shear strain

of reinforced con

crete columns

Specimens C2-0 | C2-1 | C2-2 | C3-0 | C3-1 | C3-2 | C4-0 | C4-1 | C4-2
Test 7,, (MPa) 400 | 452 | 543 | 315 | 333 | 465 | 252 | 286 | 349 | Mean
results Yoy (X 107%) 083 | 102 | 117 | 094 | 091 - 210 | 095 | 1.28
7,, (MPa) 211 | 217 | 233 | 195 | 210 | 220 | 18 | 192 | 205 -
Resp. | %y 107 | 016 | 013 | 003 | 016 | 015 | 011 | 018 | 016 | 0.13 -
2000 Tiest! Tana. 189 | 209 | 233 | 162 | 159 | 211 | 136 | 149 | 170 | 180
Yiest ! Vana. 519 | 785 | 390 | 588 | 607 | - 118 | 594 | 98 | 114
7,, (MPa) 341 | 341 | 339 | 325 | 324 | 323 | 325 | 324 | 323 -
RA- Yoy (% 1072) 127 | 114 | 095 | 123 | 110 | 097 | 123 | 110 | 097 | -
ST™M Test! Tana. 117 | 133 | 160 | 097 | 103 | 144 | 078 | 088 | 1.08 | 114
Theoretical eest ! Yana. 065 | 089 | 123 | 076 [ 083 - 171 | 086 | 132 | 1.03
results 7,, (MPa) 200 | 349 | 434 | 193 | 248 | 377 | 193 | 250 | 373 -
FA- Yoy (% 1072) 055 | 023 | 003 | 052 | 023 | 003 | 052 | 021 | 003 -
STM Tiest! Tana. 200 | 130 | 125 | 163 | 134 | 123 | 131 | 114 | 094 | 135
Yeos! Vana, 151 | 443 | 390 | 181 | 396 | - | 404 | 452 | 4267 127
7,, (MPa) 409 | 439 | 452 | 366 | 400 | 413 | 309 | 353 | 387 -
T e 1072) 124 | 106 | 088 | 116 | 117 | 099 | 094 | 155 | 114 -
Trost! Tana. 098 | 103 | 120 | 08 | 083 | 1.3 | 082 | 081 | 090 | 095
Viest! Yana. 067 | 096 | 134 | 081 | 078 - 223 | 061 | 112 | 107

440

et=E3e|Esls| =28 M173 35(2006)



3.0

Mean : 1.20

: ~ V.C. :249%
8
]
g " [}
e r°

00— N N N S S WO N N NG B N

0 0.2 0.4 0.6 0.8
n

(a) Response-2000

r Mean : 0.99
i V.C. :16.5%
=t
Vlj ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L
0.0_ L [ R 1
0 0.2 0.4 0.6 0.8
n
(b) RA-STM
3.0
I Mean : 1.36
W T V.C. :35.0%
B (V& 2 350%)
9 20008-8 -
S 0P o)
15 gﬁ;&‘ oG T
g Lol e 5
e R
(e
0_0_ | L Lt
0 0.2 0.4 0.6 0.8
n
(c) FA-STM
3.0
F Mean : 0.94
] V.C. :11.2%
g,
[
e,
P B
0.0 | TS G S T S W |
0 0.2 0.4 0.6 0.8
n
(d) TATM

Fig. 6 Comparisons of observed and predictied
results for 7,

AEA desie AdSH-deidE B

rII

B2} EdfA H0| offt HZ232|E VIse| MEVIS oS

TATMe] Aist Auagsdl o sudas
zZ

& 2 FollA 7P Agsiien, A9zt e A
SE-AIHYE A £ Fig. 5olAM et 2o tii&e
2 o

A% e SHRd urt 49292 o P89 dEsg
o olze TATMel #8% 3ol TAEHS 493
sste] #9We) TAUHOZ ASTORA Fg. 60)
o o] n o) 9L WA Qo] WEOZ BerHE,

42 Heigd-MohauEs

22zaYE /|39 AT QST Aokl A9
29 33} WP thd AP clFol Basf) 2
Aol TATMS] Hergds ARATNZE o
MZAE JE Edjs 5Y B 49859 s

I B3PS At
& AT AgEIHYE

oe 49
Que FAoR BAS) Ao $A% LVDTY

2~ mde) HaEdHs B ATdd $UT Agas
Table 49 Hl@sgIck. 71%0] Audwe] E2% w7

o] A3} AGAIUGE Ui M AT AFE
= Fg. 79 JeRl2™, Response-20009] 3|42 7=
Z2 oA Foxx] komz nwolA AllEr)

Response-20009]  &HE-AtHgHol  digt A=
Table 4949} o] Hit 1072 Wl A&t wbd g
BAUNPEE o3 fNdTd= B 2672 HPAHE
258 o] TAH7IBIET. RA-STMS SHE-Aw-3-H 3
FEADHY S| oSt APAFHE 47 AT 1.265 208
2 Hagr1e By ohyel Fg 73 2ol EE AdZA70
A AT =2 WA ddedEe Ao 23974 3
A%7RE AsS BAth oA 41494 AHd diet
Zo] @A EZYE Addge 1A X3
WEO = HreErt

TEHAA Y LABE AL APHoz 13
FA-STM3} TATMZ Table 49 Zo] & AdgEe 7+
7+ 0933 0952 HlwH AYs 35909, HE &5 A
did goll dist AEANE H 1482 FAHIRA
ok g2 sl mde] vlste] 95519t

FA-STME dEA-S83 FEAUHPEES v|us

ﬂ?’

C

441



,,,,,,,,,,,,,,,,,,,,

= =
[ e
z z
P [ I S/ 2 b S A G-
g ]
- ot
= =
% @
P N 1 AP 4 S T S R 2 T L A e a L
o ]
¥ @
EE Test result "(% Test result
1f------d-------L-—+—RASTM | pf-----bo----loooo—4—RASTM | 0 | 00—+ RASTM | T P L. —F—RASTM
| —E—FA-STM 1 —&— FASTM | B — FA-STM
: | —o—TATM ' : : —o— TATM _i-—o—TATM
[ P E I S T Y ol PR IR NN S ol 0,,i‘,},,|,‘
[ 0.01 0.02 003 © 004 0.000 0.006 0012 0.018 0024 0.030 0.000 0.003 0.006 0.009 0012 0015 0.000 0.006 0.012 0.018 0.024
Strain of shear reinforcement (&) Strain of shear reinforcement (E) Strain of shear reinforcement (&) Strain of shear reinforcement (€)
(a) C2-0 (b) C2-1 (c) C2-2 (d) C3-0
5 4 s 3
r H
1 P S [ . 4
= =3 = : 5
& & & ' &
g g = =
4 3t w v 3 w 3,
2 2 4 &
£ 22 £ 2
& & & =
@ @ & 3
2 - W 2 - 2p
< = 3 o
] @ ! o &
ﬁ H Test result ﬁ [ S, [ Test result ﬁ ﬁ ! ' Test result
[ - —+— RA-STM 1 —+— RA-STM 1 Lf------d-msm-s-L-—— RASTM
| —8— FA-STM —&— FA-STM 1 —8— FASTM
' | —o—TATM ' —o— TATM ' | —o—TATM
[ ST AN/ S o P I SRR TN S 0 P I S SR S [ S A AP S
0.000 0.005 0.010 0.015 0.020 0.000  0.006 0.012 0018 0024 0.030 0.000 0.006 0012 0018 0.024  0.030 0.000 0.005 0.010 0.015 0.020

Strain of shear reinforcement (&)

(e) C3-1

Strain of shear reinforcement (&)

(g) C4-1

Strain of shear reinforcement (&)

b C4-2

Strain of shear reinforcement (&)

(fy C4-0

Fig. 7 Shear stress-strain of shear reinforcement relations of experimental and theoretical results

Table 4 Comparison of experimental and theoretical results for the shear strength and shear strain of
reinforced concrete columns at first yield of the shear reinforcement

Specimens C2-0 | C2-1 | C2-2 | C3-0 | C3-1 | C3-2 | C4-0 | C4-1 | C4-2
Test Ty (MP2) 135 | 254 | 336 | 191 | 204 - 152 | 170 | 197 | Mean
results Yy (1072 0.18 | 026 | 027 - - - 013 | 032 | 017
7,, (MPa) 194 | 206 | 232 | 193 | 193 | 211 | 146 | 160 | 186 -
Resp. Yoy (X 1072 011 | 009 | 008 | 009 | 009 | 008 | 009 | 070 | 008 -
~2000 Toest! Tama, 070 | 123 | 145 | 099 | 1.06 - 104 | 106 | 106 | 107
Yrest ! Yana. 164 | 289 | 338 - - - 144 | 457 | 213 | 267
7,, (MPa) 120 | 167 | 214 | 127 | 164 | 201 | 127 | 164 | 200 -
RA- Yy (X 107%) 013 | 010 | 010 | 013 | 011 | 009 | 013 | 011 | 0.09 -
STM Trost ! Tana. 105 | 152 | 157 | 150 | 124 - 120 | 104 | 099 | 126
Theoretical Vest! Vana. 138 | 260 | 270 - - - 100 | 291 | 189 | 208
results 7,, (MPa) 164 | 242 - 161 | 237 | 320 | 161 | 234 - -
FA- Y, (x1072) 015 | 015 - 015 | 015 | 017 | 015 | 015 - -
ST™M Tiost! Tana. 082 | 1.05 - 119 | 086 - 094 | 073 - 093
Yrest/ Yana. 120 | 173 - - - - 087 | 213 - 148
7,, (MPa) 204 | 221 | 262 | 192 | 208 | 244 | 178 | 207 | 236 -
v (x1072) 018 | 015 | 012 | 018 | 015 | 015 | 018 | 017 | 013 -
TATM =
Trest/ Tana. 066 | 115 { 128 | 099 | 098 - 085 | 082 | 083 | 095
Yrest ! Yama. 100 | 173 | 2.5 - - - 072 | 188 | 131 | 148
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