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An Experimental Study for Bond Characteristics of Deformed Bar
Embedded in Donut Type Biaxial Hollow Slab
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ABSTRACT This study investigated the bond characteristics of embedded deformed steel bar in donut type biaxial hollow slabs.

The donut type hollow sphere make concrete inner cover formed between steel bar and hollow sphere due to the hollow shape and
arrangement. Generally, inner cover was thinner than outer cover, and some part of donut type biaxial hollow slab has smaller inner
cover thickness than 2.5 dy. It was affected to the bond condition of deformed bar. Furthermore, inner cover thickness changes along
the longitudinal deformed bar due to hollow shape. Therefore, donut type hollow slab was divided 3 regions according to the hollow
shape such as insufficient region, transition region, sufficient region. Pull-out test were performed to find out the effect of bond
condition by the region. Main parameters are inner cover thickness, embedded length and bond location. Bond characteristics of
donut type biaxial hollow slab were confirmed through comparison of bond stress-slip relationship, maximum bond strength and
bond stress distribution of each regions. And the calculation method of bond strength of donut type biaxial hollow slab was suggested
based on the test results.

Keywords : donut type biaxial hollow slab, inner cover thickness, bond stress-slip relationship, bond stress distribution
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Table 1 Details of test specimens

5 sheats] Slste] ZUlnE Fig 29 ol 37hA HA
TZ}(sufficient, transition, insufficient region)®. 2 &3}
of 7t F7re] RARAL Aokt ek et £
B Re] g Aeh A Abolel] wAE = R R
o A R ol vlAE FEE etaly] slsto] A

o WRIBEAZ AFE sfo] AYA ATE +U5)

Fig. 1 Donut type hollow sphere shape (unit: mm)

I : insufficient region
T : transition region
S : sufficient region

Fig. 2 Section of donut type biaxial hollow slab

Parameters
f Rebar | proioht | Width | Length
Specimen ck diameter g gt Embedded Inn.er-cover .
(MPa) (mm) (mm) (mm) (mm) length thickness Bond region
(mm) (mm)
S-270-S-E - -
GB-270-0-E 0
| 270 .
GB-270-10-E 10 Entire
GB-270-26-E 26
GB-50-0-A 0
GB-50-10-A 10 A-Type
_ 12.7 (transition region 1)
GB-50-26-A 30 (DI13) 150 150 335 26
GB-50-0-B 0
e — B-Type
(GB-50-10-B | 30 10 (insufficient region)
GB-50-26-B 26
GB-50-0-C 0
| C-Type

w 10 (transition region 2)
GB-50-26-C 26

Note) S : solid slab, GB : donut type biaxial hollow slab
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(d) Entire type

Fig. 3 Specimen details (unit: mm)
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Table 2 Mix proportion of concrete

Design Unit weight (kgf/m’)

strength VZ//C %;a
opay || w | ¢ | s | G |Admixture

30 |44.2146.9]| 165 | 373 | 837 | 966 1.87

Table 3 Tensile strength of rebar

Rebar Nominal | Yield | Ultimate Eloneation Elastic
tvpe strength | strength | strength (5 ) modulus
YP€ | (MPa) | (MPa) | (MPa) ° (GPa)

D13 500 576 751.57 12.21 203
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Fig. 5 LVDT location
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(a) Inner cover thickness: 0 mm

(b) Inner cover thickness: 10 mm

(c) Inner cover thickness: 26 mm

Fig. 6 Bond stress-slip curve
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Table 4 Test results of short specimen

Specimen (&) (I:;ITIEZ) (K) Failure mode
GB-50-0-A 28.74 | 1441 1.29 Splitting
GB-50-10-A 35.14 | 17.61 1.74 Pullout
GB-50-26-A 30.41 | 15.24 0.78 Pullout
GB-50-0-B 12.20 6.12 0.35 Splitting
GB-50-10-B 21.84 | 10.95 0.85 Pullout
GB-50-26-B 35.01 | 17.55 1.14 Pullout
GB-50-0-C 14.37 7.20 0.38 Splitting
GB-50-10-C 29.81 | 14.94 0.38 Splitting
GB-50-26-C 33.00 | 16.54 0.93 Pullout
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Fig. 7 Crack pattern
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(a) GB-270-0-E vs. S-270-S-E (a) GB-270-0-E vs. S-270-S-E

(b) GB-270-10-E vs. S-270-S-E (b) GB-270-10-E vs. S-270-S-E

(c) GB-270-26-E vs. S-270-S-E (c) GB-270-26-E vs. S-270-S-E
Fig. 8 Re-bar strain distribution Fig. 9 Bond stress distribution
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Table 5 Test results of entire type specimen

P T T,

u avg max

(kN) | (MPa) | (MPa)

Failure

Specimen
P mode

7—l"l"l ax

location

S-270-S-E 87.10 | 8.10 | 10.23 | Yielding

B

GB-270-0-E 60.27 | 5.59 | 11.69 | Splitting

GB-270-10-E | 72.93 | 6.77 | 13.38 | Splitting

GB-270-26-E | 89.60 | 8.32 | 10.47 | Yielding
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Conventional Suggested
) Test result method method
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(kN) (kN) &N) | (kN)
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GB-270-10-E 72.93 56.50 76.61 | 77.30
GB-270-26-E 89.60 66.04 114.51 | 110.47
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