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Pull-out [385.31| x 2.87 2219.80 Fracture |491.84| x 341 1339.62
Pull-out [433.10] x 3.26 2319.50 Fracture |591.64|  x 5.03 1935.85
Pull-out {499.90 x 3.03 3044.51 Fracture {598.31 x 5.44 224111
Pull-out [465.60| * 1.68 604.52 Fracture |270.82| * 266 495.88
15 Pull-out [430.12] x 457.83 | 377 3.04 [3300.12 |2993.27 | 72.90 25 Fracture [575.94| x N.C. 423 N.C. [153411] N.C 79.03
Fracture |443.61| % 231 2635.31 Fracture |489.67| x 2.86 1137.71
15° Fracture |409.93| x 157 432.10 Fracture |546.91| x 3.23 987.83
Fracture [396.71 x 1.98 583.49 Pull-out | 222.5 v 4.32 853.97
Pull-out [512.01 x 2.78 4064.41 Pull-out | 390.2 v 6.37 1532.81
20 Fracture |570.12 x 478.65 3.50 2.62 [1422.61|3735.15| 76.22 10 Pull-out | 454.4 v 316.72 6 4.828 |2078.62 | 1261.55 | 50.43
Pull-out [554.51| % 2.32 940.73 Pull-out | 321.3 v 3.55 950.98
Fracture |445.30 * 2.46 3405.94 Pull-out | 195.2 v 3.9 891.40
Pull-out [528.71 x 2.65 4840.71 Pull-out | 379.1 v 7.86 2327.11
Pull-out [532.42 x 245 4954.18 Pull-out | 363.2 v 5.43 2528.72
25 Fracture |664.32 x 530.55 277 2,55 [1338.10 | 4897.75 | 84.48 15 Pull-out | 409.4 v 378.12 5.72 6.842 | 1953.23 | 2323.82 | 60.21
Fracture |407.33 x 157 471.93 Pull-out {367.52 v 6.81 2569.32
Fracture |476.32 x 168 565.68 . Pull-out [371.36] v 8.39 2241.23
Pull-out [422.42] 33 1769.21 60 Fracture | 533.2 | v 5.38 104481
Pull-out [355.33 v 3.21 1567.00 Fracture | 454.2 v 9.05 5447.12
10 Pull-out [398.84| v 39542 | 271 311 [1683.90 | 1802.20 | 62.97 20 Fracture | 488.3 v N.C. 9.02 N.C. |2837.62| N.C 70.01
Pull-out [418.73] v 321 2007.71 Fracture | 471.9 v 8.05 1895.55
30° Pull-out [381.95| v 3.08 1983.21 Fracture | 250.8 v 4.68 1379.82
Pull-out [519.11] x 321 4661.22 Fracture | 419.8 v 6.78 1406.23
Pull-out [583.50| x 3.50 4605.13 Fracture | 494.4 v 6.1 1730.61
15 Pull-out [407.58 x 520.30 2.60 3.20 [3277.31|3612.06 | 82.85 25 Fracture | 470.6 v N.C. 10.2 N.C. [2299.71| N.C. 75.17
Pull-out [551.37| x 332 3142.37 Fracture | 441.1 v 7.48 2020.72
Pull-out [540.14] % 3.38 2374.45 Fracture | 534.3 v 8.19 3450.32
Table 3. Result of peak pull-out load, slip at peak pull-out load and pull-out energy
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Abstract:
This paper presents the pull-out characteristics of inclined hooked steel fiber from cementitious matrix. The
effect of fiber embedded length and angle of inclination are evaluated together with the interaction of these
parameters. The experimental program involved single fiber pull-out test of five inclination angle and four
embedded length. The studied inclination angles were 0, 15, 30, 45 and 60 degrees. The embedded lengths
were 10, 15, 20 and 25 mm. Compressive strength of matrix was 40 Mpa. The length and diameter of hooked
steel fibers were 50 mm and 1mm, respectively and their tensile strength was 800 Mpa.
At least five specimens were prepared and tested for each combination of inclination angle and embedded
length. A special mold supplemented by a cross shaped device was designed to hold the fiber in desired
angle and embedded length. X-ray radiography was used to verify the inclination angle and embedded length
of fiber. All the specimens were tested at 28-day age. Pull-out test performed under displacement control
condition in order to record descending branch of pull-out curves. A load cell and a displacement transducer
were used to acquire pull-out load and slip during pull-out test. Pull-out load versus slip were recorded and
parameters such as maximum pull-out force and its associated slip, pull-out energy, fiber efficiency and
matrix spalling were drawn for comparison purpose.
Based on the experimental results, the pull-out response of hooked steel fibers is predominately influenced
by fiber embedded length and inclination angle. The results indicate that the peak pull-out load is maximized
at approximately 30 degrees, although at greater inclination angle, the peak pull-out load decreases. The
fracture load also decreases as fiber inclination angle increases. The additional shear stress imposed on
inclined fibers; provide mechanisms favoring slip between the crystals in the steel. This causes a reduction in
both yield and ultimate strength of the finer, resulting in a reduced fracture load. The results indicate that
providing the hook is fully mobilized, the peak pull-out load is almost independent of embedded length of
fiber. The results indicate that fracture of fiber is more presumable at greater inclination angle.
Slip associated with peak pull-out load increases as the inclination angle increases. This can be attributed to
matrix spalling. Matrix spalling also causes the drop of pull-out load in pull-out curves. The load drop is
directly related to the size of crushed matrix. Matrix starts to spall at 30 degrees inclination angle. The results
indicate that increase in embedded length and inclination angle result in increase of pull-out energy. An
inclined fiber with respect to the loading direction absorbs a greater amount of energy at a given slip than an
aligned one, with maximum pull-out energy occurring around 30 degrees. Fiber efficiency increases as the
embedded length of fiber increases. Maximum fiber efficiency occurs at 30 to 45 degrees and decreases at
greater inclination angle. The effect of elastic deformation of fiber during pull-out test was taken into
account by calculation of elastic deformation and subtracting from slip, although, its effect was negligible.

Keywords: Hooked steel fibre, pull-out, inclination angle, cementitious matrix.
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