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ABSTRACT

This paper presents on the shear behavior prediction of reinforced concrete beams using Transformation Angle
Truss Model (TATM). The TATM can evaluate the stress-strain relationships for cracked concrete by transforming
stresses and strains for principal plane into those over the crack surfaces. This proposed analytical method simplifies
the Fixed Angle Softened Truss Model (FA-STM) and removes the limitation of applicability of the FA-STM. The
shear strength and strain of reinforced concrete beams are predicted by using the TATM.

For the verification of proposed method, experimental results of reinforced concrete beams were compared with
theoretical results by the TATM, FA-STM and Rotating Angle Softened Truss Model (RA-STM).

Keywords : transformation angle truss model, fixed angle softened truss model, rotating angle softened truss model,

reinforced concrete beam, shear behavior
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Table 1 Comparisons of main feature for truss models
- Shear
e - Tensile
. Equilibrium |Compatibility stress of
Model Investigator Crack angle condition condition stress of crack
concrete
surface
45° Ritter, _ spe
truss model Morsch a=145 O X X X
Variable angle! Thiirlimann, o
truss model |Lampert et al. a#45 X X X
Plasticity | a<45’
Niel t al. . , X X X
truss model elsen ¢t a (Obtained from f. and 0,/ O
CFT Collins et al. | & is changed with the increase of load and steel ratio O O X X
MCFT Collins et al. | @ is changed with ihe increase of load and steel ratio O O O X
RA-STM Hsu et al. a is changed with the increase of load and steel ratio O O O X
1) Crack angle is coincided to the initial crack direction
FA-STM Hsu et al. {2) Stresses and strains in the crack direction are equal O O O O
to those in the concrete principle direction
1) Crack angle is coincided to the initial crack direction
TATM Lee 2) Stresses and strains in the crack direction are not O O O O
equal to those in the concrete principle direction
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(a) Reinforced concrete element (b) Stress states of concrete elements

Fig. 1 Stress conditions and coordinates in reinforced concrete
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(a) Mohr stress circle for concrete

my

(b) Mohr strain circle for concrete

Fig. 2 Mohr circles for concrete
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Fig. 4 Comparison of the test and theoretical results
of the each truss models

HIETC|E Bo| MHAHS GIF0| Mt ¢+ 135



Table 3 Specifications of specimens and comparitions of experimental and analytical results (Unit: MPa)

UEXD. Uexp.
Beams Sfee |b(mm) | d (mm) % Ox Fry Oy I 7 Vexp. | VFA. | Upro. | p " | T, Ref.

MHB15-25 | 520 | 1250 | 2150 | 1.50 | 00377 4140 {00045 3725 | 0107 | 58 | 415 | 545 | 140 | 1.07 | 10

C1-3 240 | 2032 | 3899 | 156 | 00207 320.7 {00034 | 3312 | 0170 | 310 | 320 | 335 | 097 ; 093 | 11

C3-1 141 | 2032 | 3899 | 156 100207 320.7 | 00034 | 3312 | 0170 | 282 | 252 | 306 | 112 | 092 | 11

C3-2 138 | 2032 | 3899 | 156 | 0.0207| 320.7 | 00034 | 3312 | 0170 | 253 | 250 | 305 | 101 | 083 | 11

C3-3 139 | 2032 | 3899 | 156 {00207 3207 | 00034 | 3312 | 0170 | 237 | 216 | 305 | 110 | 078 | 11

C4-1 245 | 2032 | 3839 | 156 {0.0310| 320.7 | 00034 | 331.2 | 0113 | 390 | 301 | 37 | 130 | 104 | 11

D1-6 277 | 1524 | 3145 | 194 |0.0342| 320.7 | 00046 | 331.2 | 0139 | 365 | 355 | 441 | 103 | 083 | 11

D1-7 280 | 1524 | 3145 | 154 | 00342 | 320.7 | 00046 | 331.2 | 0139 | 374 | 357 | 441 | 105 | 08 | 11

D1-8 278 | 1524 | 3145 | 194 |0.0342| 320.7 | 00046 | 331.2 | 0139 | 388 | 35 | 441 | 1.09 | 083 | 11

B1-1 234 | 2032 | 3859 | 1.95 |0.0310| 320.7 {0.0037 | 331.2 | 0123 | 351 | 305 | 384 | 115 | 091 | 11

B1-2 254 | 2032 | 3809 | 195 |0.0310| 320.7 | 0.0037 ! 331.2 | 0123 | 323 | 317 | 38 | 102 | 083 | 11

B1-3 237 ] 2032 | 3899 | 1.95 | 0.0310 | 320.7 | 00037 | 3312 | 0123 | 359 | 309 | 38 | 116 | 093 | 11

B1-4 233 | 2032 | 3809 | 1.9 |0.0310| 320.7 | 00037 | 3312 | 0123 | 337 | 307 | 384 | 110 | 083 | 11

B1-5 246 | 2032 | 3809 | 195 | 0.0310| 320.7 {00037 | 3312 | 0123 | 304 | 311 | 387 | 098 | 079 | 11

B2-1 232 1 2032 | 3809 | 1.95 | 0.0310| 320.7 | 00073 | 3312 | 0243 | 380 | 405 | 504 | 04 | 075 | 11

MHB2.0-25 | 520 | 1250 | 2150 | 2.00 }0.0377 | 4140 |0.0032 | 3725 | 0076 | 412 | 359 | 481 | 115 | 086 | 10

NNW-2 434 | 1270 | 2032 | 2.00 | 0.0320 | 406.2 | 0.0049 | 3240 | 0122 | 477 | 384 | 508 | 124 | 094 | 12

C205D10 | 29.0 | 1500 | 3150 | 2.00 | 0.0261 | 3614 |0.0024| 35645 | 0083 | 291 | 276 | 339 | 106 | 086 | 13

C205D20 | 304 | 1500 | 3150 | 2.00 | 0.0208 | 3869 | 0.0024 | 3545 | 0104 | 259 | 282 | 330 | 092 | 078 | 13

C210DOA | 341 | 1500 | 31560 | 2.00 | 0.026]1 | 361.4 | 0.0047 | 3545 | 0177 | 345 | 399 | 445 | 086 | 078 | 13

C305D0 325 | 1500 | 3150 | 2.00 | 0.0261 | 3614 | 0.0024 | 3545 | 0083 | 228 | 288 | 347 | 079 | 066 | 13

C305D10 | 303 | 150.0 | 3150 | 2.00 | 0.0261 | 360.0 | 0.0047| 3545 | 0178 | 280 | 384 | 436 | 073 | 064 | 13

C310D20 | 306 | 1500 | 3150 | 2.00 | 0.0261 | 360.0 | 0.0047| 3645 | 0178 | 296 | 38 | 437 | 077 | 068 | 13

Al-1 247 | 2032 | 3899 | 235 |0.0310| 320.7 | 0.0038 | 331.2 | 0127 | 280 | 317 | 391 | 08 | 072 | 11

Al-2 237 | 2032 | 3899 | 235 |0.0310| 320.7 | 0.0037 | 3312 | 0123 | 264 | 312 | 38 | 08 | 068 | 11

Al-3 234 | 2032 | 3839 | 235 |0.0310| 320.7 {0.0037 ] 3312 | 0123 | 281 | 311 | 383 | 090 | 072 | 11

Al-4 248 | 2032 | 3899 | 2.35 (00310 320.7 {00037 | 3312 | 0123 | 308 | 318-| 391 | 097 | 079 | 11

D2-6 295 | 1524 | 3145 | 243 {00342 | 320.7 {00061 | 3312 | 0184 | 352 | 416 | 497 | 08 | 071 | 11

D2-7 284 | 1524 | 3145 | 243 {00342 | 320.7 | 00061 | 3312 | 0184 | 328 | 409 | 495 | 080 | 066 | 11

D2-8 26.1 | 1524 | 3145 | 243 |0.0342| 320.7 | 00061 | 331.2 | 0184 | 351 | 342 | 490 | 103 | 072 | 11

D4-1 274 | 1524 | 3145 | 243 |0.0342 | 320.7 | 00049 | 331.2 | 0148 | 351 | 364 | 451 | 096 | 078 | 11

D4-2 257 | 1524 | 3145 | 243 {00342 | 320.7 {00049 | 331.2 | 0148 | 328 | 355 | 448 | 092 | 073 | 11

D5-1 277 | 1524 | 3145 | 243 | 00342 | 320.7 | 00037 | 331.2 | 0112 | 305 | 319 | 4056 | 056 | 075 | 11

D5-2 200 | 1524 | 3145 | 243 | 00342 | 320.7 | 00037 | 331.2 | 0112 | 328 | 326 | 408 | 1.01 | 080 | 11

D5-3 271 | 1524 | 3145 | 243 |0.0342| 320.7 | 00037 | 331.2 | 0112 | 328 | 319 | 404 | 1.03 | 081 | 11

MHB25-25 | 520 | 1250 | 2150 | 250 {00377 | 4140 | 00025 | 3725 | 0.060 | 367 | 309 | 440 | 119 | 083 | 10

NNW-3 429 | 1270 | 2032 | 3.00 {0.0320| 4062 | 00049 | 3240 | 0122 | 337 | 384 | 507 | 088 | 066 | 12°

A-1 241 | 3050 | 4650 | 332 {00190 | 555.0 | 00010 | 3250 | 0.031 | 165 | 162 | 255 | 1.02 | 065 | 14

B-1 248 | 2290 | 4650 | 332 |0.0253 | 5550 [0.0015| 3200 | 0035 | 208 | 1.8 | 293 | 112 | 071 | 14

C-1 206 | 1520 | 490 | 332 | 0.0191 | 555.0 | 0.0020 | 3250 | 0061 | 221 | 223 | 326 | 099 | 068 | 14

Ave. 1.01 0.80
S.D. 0.144 | 0105
V.C. 0.143 | 0.132

Oz, Py reinforcement ratios in the x- and y-directions, respectively, f,y, f,,° steel yield stresses in the x- and y-direction, respectively,
7=(p,fy— 0y ) (05 fay = 0x), Vexp.: experimental shear stress of beam, vpa. : shear stress of beam calculated by FA-STM,
Upro. - Shear stress of beam calculated by proposed method (TATM ), S. D.: Standard deviation, V. C.: Variation Coefficient
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