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ABSTRACT In this study, reinforced concrete slabs with steps were experimentally studied to analyze their structural performance
and to suggest reinforcing details in the step. Because the stepped slabs may behave very poorly in terms of bending strength,
stiffness, deflection, cracking, etc., the study is aimed to suggest proper reinforcing details such that the same bending strength is
obtained as that without steps. The bending strengths of 12 test specimens with a variety of different reinforcing detail types or other
parameters were compared with each other. The specimen without any additional reinforcement in the step had a very low bending

strength and significant damage, and the specimens with diagonal reinforcements in the step showed substantial early cracks,
experienced hinging of the step, and had a substantial loss of the bending strength. In contrast, the specimens with a combination of
U-bars, reversed U-bars, L-bars, and reversed L-bars performed very well and almost reached to 100% of the slab bending strength.
The U-bars and reversed U-bars were effective in controling the diagonal cracks, while the L-bars and reversed L-bars were effective

in preventing from yielding of slab reinforcement near the step.
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Fig. 1 Plan and section of slabs with steps
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Fig. 2 Three type of additional bar used in experiments
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Table 1 Measured material properties, design configurations and test results for each test specimen

Specimens Soktest Frtest Length Thickness Add.itional bar Rgbar hook | Maxest Mg test

(MPa) | (MPa) | of Step (mm) | of step (mm) in step in step (kN - m) M, ca
SP-1 28.0 588 - - - - 94.0 1.19
SP-2 23.9 588 1090 210 - 135° 45.1 0.57
SP-3 29.8 588 1090 210 Type-A+revU 135° 73.5 0.93
SP-4 29.8 588 1090 210 Type-B+revU 135° 75.4 0.95
SP-5 30.0 588 1090 210 Type-C 135° 91.1 1.15
SP-6 23.9 588 1090 250 - 135° 54.5 0.69
SP-7 28.0 588 1090 210 Type-B 135° 62.5 0.79
SP-8 23.1 569 1090 210 Type-B+revU - 71.9 0.91
SP-9 23.1 569 1090 210 Type-C - 87.8 1.11
SP-10 21.2 569 1090 210+180 (slop) revU - 66.9 0.85
SP-11 23.5 569 1090 400 revU - 86.4 1.09
SP-12 23.5 569 2700 210 Type-C - 87.8 1.11

NOte) D16 (f)‘;y[gs[ =

Moyparess = measured maximum moment, My cq =

448 | =2 3| Est| ==& M257 M|4= (2013)

614 MPa) was used as diagonal bars in SP-8.
Sertes = measured concrete compressive strength, f s =

measured yield strength of steel,
calculated nominal moment capacity.



L | I
1 T (=} S ) n o
| ! O 8 ], R
1 2050 | 880 | ] 2050 [ ’*, —
200 210 210 200 g J g
| 2155 | 1090 | 2155 | A
[
! 210 3
™
A
(a) SP-2 section (c) Re-bars with 135° hook in step
18
~ = 2
) f “©
2 o 2150 30 2
3 [ — R—— N —
2 S N 1
5 2 e] y 2
& ~ N
a | — N |
B . o
_ 2250 | | 979 | | 2250 [| 18 . ]g
50 111 11 50 T BV
L J b | I N g
D13@150(T&B) J D13@150(T&B) 1 D13@150(T&B) 210 2
See fig. 3(c) See fig. 3(c) 1
(b) SP-2 plan (d) Re-bars with none-hook in step
. se4 385
A <——1 <
77 v’()p
s o ’d
: &
REPNGN A

———~— —~_ ‘—
o —1 g ol ————— <
, =
N . - NN Ng . Q
— . 1 }
. , ':S 2 — =
9 N ~

Z L — —— — — — 1 @ Nfm—— .
76\ N _ . — —— —— —— 1
gg '1 < 210 210

36 150 535
(e) Additional bars(Type-A) (f) Additional bars(Type-B) (g) Additional bars(Type-C)
450, _30 150 150 _30, 340 150 30
i . e T ‘H . 150 2N
g N\ g ]
e 3 ~— e I — s
JE R & ! fe. N
I — (I
250 180 210 400
(h) SP-6 section (i) SP-10 section (j) SP-11 section
Fig. 3 Details of specimens (unit: mm)
(a) SP-1 specimen (setup) (b) SP-2 specimen (setup) (c) SP-10 specimen (at failure)
(d) SP-11 specimen (at failure) (e) SP-12 specimen (during loading)

Fig. 4 Testing

2232 E &2i29| ds EUF &= H M ARt 449

7
N
$0
rr
[l



2ol 180 mme] AAREAZE dAfE o] Q= HEE F
390 mm?] Wx}S 7FRTHFig. 3(i). Fig. 4(c)). 9%
S B T, sHEEH R AT, L85 A
S He] sHtFEo] st @3013} 83 s
B FHEFTL 180 mm AAMES whel vjEE F2
o] B 1352 e E 7HAA °}~E} SRS 210
mm Tapel|RF QU E LS 7HITh SP-11> WAHFA| 7
400 mm©] tHFig. 3(j), Fig. 4(d)). =}kl Type-C9} U
HLo 2 BT SP-125 AT wE AT
zFo]l = mpetsty AetEo] Rl E QL Ao 2He-5t= 7
ol tist AsB7HE flstel Alg ek thFig. 4(e)). :LEH
Al SP-99} HLZFto] Ak, what Atole] Zol7} 2700
mm©| ™ (Table 1), 7} Flo] ©x}e] & 87} ofyet
G2t s H Qte] AgtER Qlth

4 E W

22 714 A ASAE

A Ao A7) 43 Ashga o
Ao F SF-EHE 200 mm %é&oﬂ

74?45— 1800mmi sloj A o] °§°%‘°ﬂ*1 -éﬂrﬂlg st
A thFig. 5). ©91%(1000 mm)S 2= S8 A3 A<
EA7 a5 7 7 A ol At (line load)©] Z
SHEF X5 33l
AA S s 47 9% 7719 LVDTE &
3ol A 2] 8 THFig. 5). LVDTE A8 d o ul&
P A WL s SAstoA, A3A AR et
o] FAIe}, LVDTRHS Apol& o] &3] AdA|e] 7]&
7] 6,(LVDTI-LVDT2), 6,(LVDT3-LVDT4), 6,(LVDT4-
LVDTS), 6,(LVDT6-LVDT7)E +317] $Jall AFEE Sk
=, 7 AR AR gk Afolel M) AeE
HHE S 0, ~0,°] #e Fste] RYE A
s8s IIstES itk

-9 2] s ogt W s FA5] S WS

ln:

_{\I

r—pq

Al(wire gauge)E Wb AdH-F9loll A EATE FESE A
LB}l RS F29 WEE(strainyS Yolr
213k Fig. 6(a)9t 7o) M EAIO] A (strain gauges)E -

Hahoith 83 Bo] 9 A¥ A= mre =
Q SJHe] Alo|AE F7IE FA S THFig. 6(b)). B
AY M3 At Gt AA mde] 94
HIEE A3t 50x50 mm, 70x70 mme] ¥4 AXE %
/\]‘3]'9,19_131 Alel z18) o] FGRYLS EAES T

é‘ Wire gauge é‘
| 1 [

= LVDT1 LVDT2 LVDT6 LVDT7 =
m LVDT3 LVDT4 LVDTS m

1800 1800|710 1080 | 1080 | 710 1800 1800

3600 ‘ 3600 3600

Fig. 5 Test setup (unit: mm)

450 | =23 Ests| ==& M257 M|4= (2013)

3 A dy R BN
31 = W mha| kAt

SP-2~SP-12 AdA] #d2 AL JolsriAnt,
HEH AFASP-1)9 AR AF A (SP-10)5 A9
shal e HF A2 vleklth -4 Aol A H-H
o] AlFE e, ©ake] AN A6 dho] HF
Hlth 28la o] g AFEHBe] 953E wet
o] Wof vpolrbH A 3w QI THFig. 7).

uP L[] (Zup R
ST Lo |4 2ST Li ST Rift A ST_Ro
é: ~ x* - :é
DN_L C DN_R

(a) Strain gauges of SP-2

DnZ_L 3 DnZ R
< [ M onz-

(b) Strain gauges of SP-4

Fig. 6 Arrangement of strain gauges (unit: mm)

(1) Early crack (2) Crack growth from exterior-

corner

g~
I
(4) Splitting crack

RPN

N

I
(3) Crack at bottom

FEEPA
I Ly ‘04

(5) Diagonal tension crack (6) Cracks toward interior-corner

on upper step

(8) Failure

N

A .

(7) Crack on upper surface

Fig. 7 Cracks process of SP-3



(a) SP-4 failure

(c) SP-10 failure

(d) SP-11 failure

Fig. 8 Failure of specimens
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Fig. 10 Applied load-angle relations of SP-2
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<, ol B&HE HugI 4 71%e°l =3stet.
AAPEA7E Qe AEAE Zubel] HEHB R Ao
AA gk ko] 25 kNY W7hA= o AL S
7F5tH(Table 2, Fig. 9). 3HAIRF 25 kN2 dtzollA & +F
Aol A ¥, S J553] AFEAT. she-H e
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Hol AL oF 2= ot} ouiE AR Ho FeA 3§
o] sF-EHEE AYEA ZEqlth olyd AR
Fig. 11914 6;3= 25 kN8| &5 o5 F7FeA] 2L 0ol
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Table 2 Secant stiffness at 20 kN and 3/4 Ppax

Specimens Doorn Ksec. 200 Asapmar | Kee,314Pmax

(mm) | (kNmm) | (mm) | (kN/mm)
SP-1 14.4 1.39 52.7 1.20
SP-2 46.0 0.43 47.7 0.43
SP-3 15.3 1.31 58.2 0.76
SP-4 12.8 1.56 55.7 0.82
SP-5 11.6 1.72 63.9 0.86
SP-6 8.8 2.27 37.3 0.75
SP-7 19.0 1.05 67.9 0.52
SP-8 8.7 2.30 39.3 1.09
SP-9 9.7 2.06 67.5 0.83
SP-10 12.3 1.63 65.1 0.58
SP-11 12.0 1.67 67.0 0.79
SP-12 14.2 1.41 59.7 0.94

Aopew = midspan deflection at 20 kN load,
Kiec 0oy = secant stiffness at 20 kN,
As/4pmae = midspan deflection at 3/4 Py,
Koo 34pmax = secant stiffness at 3/4 P

Fig. 11 Applied load-angle relations of SP-10
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Fig. 12 Center applied load-displacement relations
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