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A Case Study on the Practical Review of Using Top Main Reinforcement as
Support Bars in Apartment Slabs
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Abstract
This study investigates the structural impact of the common construction practice of repurposing top main
reinforcement bars as support bars in reinforced concrete apartment slabs. In practice, using main bars as
support lowers their placement, which decreases the effective depth and potentially compromises the slab's
flexural strength. Using SMath Studio, this study quantitatively evaluated four scenarios based on a standard
210 mm thick slab. The analysis revealed that when a standard D10 top bar is repurposed as a support bar, the
flexural strength decreases by 3.5% due to the reduced effective depth. However, upgrading this repurposed
support bar to a thicker D13 bar increases the overall strength by 16.2%, as the added reinforcement area more
than offsets the loss in depth. Furthermore, when accounting for the doubly reinforced effect contributed by the
continuous bottom reinforcement, the slab exhibits an inherent capacity 12.3% higher than the original design,
even with the displaced D10 bar. To bridge the gap between design and construction, the study recommends
applying a safety factor to account for the potential 3.5% strength reduction, specifying the allowable use of
support bars in design notes, and encouraging D13 bars for support. Importantly, if strength concerns arise on
site, any capacity re-evaluation utilizing the doubly reinforced effect must be strictly reviewed by a Professional
Structural Engineer to scientifically prevent unnecessary rework.
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Fig. 3. SMath Studio

etal, 2016).

1) 232 E AAE (fck)= 27MPa, 232E =
AP E(ecu)2 0.0033, S7MSEEY A5 (8
1)=0.8% 7Yk

A9 JFE A= (fy)= 500MPa(D130]3}), B4
A|4>(Es):= 200GPa® 2-2-Fch

<3 B HL E(b) 1,000mm, 77 (h) 210mm,
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4.1 Case 1: &7 FZ HeIX| HIZAI(H 2H)

LEAR F27(3.3337) 0] A A (d=175
mm)of| B X E 73-2-0]ch(Fig. 4).
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Act.
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2 TG (0)=0.855 F]IITHEEL
EH 2022.1.11).

1(a)E 5.1779mm= AF&E]

Q ol

=

https://Ihrilhorkr | 189



240l 952
Case 1. Top Main Rebar at the Design Position
1.1. Material Properties and Key Dimensions
(Concrete ) (KDS 14 20 20:2022 4.1.1(8) @) (ReBar )
fi=2T7MPa  &_,3=0.0033 B;+=0.8 £,:=500 MPa E+=200 GPa £,
£ ==—==0.0025
vE

(Number of Top Main Rebars per Unit Width )
1000

n :_W_3 3333

( Top Main Rebar at Design Position(D10) )

2
dl-—lomm asl-—71.3mm

b.

(Area of Top Main Rebar at Design Position )

2
A_i=a n1=237.6667mm

s1 s1’

(Key Dimensions )

b:=1000 mm h:=210 mm

db
d;=h—-30mm———=175mm
dt:: dl =175 mm (Depth to Extreme Tension

1.2, Determination of Equivalent Stress

(Number of Top Main Rebars )

(Strength Reduction Factor )

(0.85-0.65)
[2.5’5y—5y)

4(€‘_

n,#=n=3.3333 ¢(fr): if 5:22.5~:y
¢:=0.85
else
if e _<ig,<2:.5%¢
S ¥
¢:=0.65+
else
¢ :=0.65
@
085
065
RebaR)
& &

Block Depth, a (C=T) ;

soll=:Solve[O.85~fc, -a-'b =A51<fy, a]

k

a=>5.1779 mm C::i
B
1.3. Extreme Tension Rebar Strain, €,

sol

,i=Solve| —

+=0.0859

9:=¢(c.)=0.85

1.4, Design Flexural Strength

Ty=4g

I -fy:ll8.8333 kN

cc::o,ss»fck-a b =118.8333 kN

= =17.415 kN

T A

e

R FE S UIEREeR

42 Case 2: M52 =2
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1) 571853 Zol+= Case 135U -8 3) 34123}, Case 1 TJH] 2F 3.5%2] e A5
o7} 4otk st

2) A B (@Mn2)=16.8089kN-mE AREE| 1

Case 2. Top Main Rebar Displaced Downward for Use as a Support Bar (D10)
2.1. Material Properties and Key Dimensions

(Top Main Rebar Used as Support Bar (D10)) ) (Area of Top Main Rebar Used as Support Bar )

2
d, =10 mm a_,*=71.3 mm n,=1 2
b2 2 2 i .

S. Asz"asz n2 71.3 mm

(Top Main Rebar at Design Position (D10)) X . .

(Area of Top Main Rebar at Design Position )

n. :=n-—-n_,=2.3333 2
1 2 A ma ;'n;=166.3667 mm

sl

(Key Dimensions )

d =h- . d,=h- -d,, - ez
1= 30 mm 7—175mm 2= 30 mm bl 10 mm T—lSSmm
dl =175 mm (Depth to Extreme Tension Reinforcement)
2.2. Determination of Equivalent Stress Block Depth, a (C=T) ;
soll::Solve[O.85-fck~a -b=[Asl+A52]-fy, a]
a
a=5,1779 mm Ci=—=6.4724 mn
B,
* Since the total area of top rebar is the same, a, c, ¢ t are identical to those in Case 1.
2.3. Extreme Tension Rebar Strain, € » Strength Reduction Factor, ¢
& b=1,000mm
1,:=Solve|— €
8032 otvel T2 £ conerte
Ti=h 4, i [m““m';, £(=0.0859)
Top Main Rebar
= Ay ni=233
£,=0.0859 TiAg Top Disibution Rebar (10mm)
& Sapport v,pAn::n CT m
¢=:¢[€t)=0.85 d,
T
@ d = o
2.4, Design Flexural Strength % g ¥
g 3
H 2
Asl'fy=83.1833kN ; M
TZ::A52»fy: 35.65 kN
- _ C.=0.85f,ab a a
CC-—OASS'fckwa'b—118.8333 kN [:Hla €=5 =08
£,(=0.0033)

a
M= - Tl-dl+T2-d2—cc-3]=16.8089 kN m

* Design flexural strength decreases due to the reduced lever arm associated with d2

Fig. 5. Case 2: D10 Top Reinforcement Used as a Support Bar
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4.3 Case 3: &5 F2 WHEIEZ ASHD13) 1) FIF VR A8l 57HEEY 7ol a=6.3849
FEUNE L0 R 25, AHZ DI3CE 4} mm=E tha 7613l 0™, o]of wetdAdo] A%
Foto] viteE 3 -9-olth(Fig. 6). A5

Case 3. Top Main Rebar Used as Support Rebar Changed to D13

3.1. Material Properties and Key Dimensions

(Top Main Rebar Used as Support Rebar (D13)) (Area of Top Main Rebar Used as Support Rebar )
2 2

d,,*=13 mm a_,#=126.7 mm n,=1 A_,i=a_, n,=126.7 mm

(Top Main Rebar at Design Position (D10)) (Area of Top Main Rebar at Design Position )

n,¥=n-n,=2.3333 2
A,i=a 'n;=166.3667 mm

sl s

(Key Dimensions )

d,, dp2
d,:=h =30 mm_T:175 mm d,==h-30mm—d, ,—10 mm—T:153-5mm

dt = dl =175 mm (Depth to Extreme Tension Rebar)

3.2. Determination of Equivalent Stress Block Depth, a (C=T) ;

soll::Solve[O.85-fc ~a~b=[A51+A52]-fy, a]

k

a
a=6.3849 mm c::ﬁ—:7.9811mm
i

* As the area of top rebar increases, a and c icrease, whille ¢ t decreases (reduced ductility).

3.3. Extreme Tension Rebar Strain, e, and Strength Reduction Factor, ¢

f- Cou_ Et b=1,000mm
sol ,:=Solve == 7C'€t
© concrete
Ti=Aq 'fy Top Main Rebar mm"""’" £(=00691)
gt:0.0691 <:_l ) Ag ni=233 X
A o, i Top Distribution Rebar (10mm) /E
por Top Midi ebar s
HEG (2 ))=0-85 — e R
ds
>
3
d, 3 o
3 o
g 3
3.4, Design Flexural Strength H
T,:=A;-f =83.1833 kN
T2=:A52~fy= 63.35 kN
C=0.85fab e a
Ia ‘Th 08
€ =0.85-f _,-a-b=146.5333 kN
£4,(=0.0033)

WelagP= @ || TaoClp i o€y =6

a
C'?]:20.2415 kN m

Fig. 6. Case 3: D13 Bar Used as a Support Bar
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Case 4. Case 2 Including the Contribution of Bottom Main Rebar

4.1 Material Properties and Key Dimensions

(Top Main Rebar Used as Support Rebar (810) ) (Area of Top Rebar Used as Support Rebar )
d, ,:=10 mm a_,*=71.3 mm n, :=1 2
b2 s2 2 = - =
A yima ,n,=71.3mm
(Top Main Rebar at Design Position (D10)) (Area of Top Main Rebar at Design Position )

n_ :=n-n_,=2.,3333 2
B i— n.=
7 A_,=a_;'n;=166.3667 mm

(Bottom Main Rebar (D10) ) 5 ( Area of Bottom Main Rebar )
d, =10 mm a_,=71.3 mm 2
b3 3 - o P
& A_zi=a 3 n;=237.6667 mm
(Key Dimensions )
d '"h*30mm*2—175mm d,:=h—-30mm—d *IOmm*&—l‘%Bmm
T o 2 bl 2
db.?
d ;=20 mm+10 mm+ —= =35 mn dt=:d1:175mm (Depth to Extreme Tension Rebar)
2

4.2 Determination of Equivalent Stress Block Depth, a

(1) Stress in Bottom Main Rebar (Assuming No Yielding)
Since the equivalent stress block depth, a, in Cases 1-3 is within the concrete cover,

the bottom main rebar is assumed to be in tension.

r gS
o __33-(250-a-7m) =i
s 2500000 a ==
Ti=A o, I” ) 5(=00413)
—
66-(250-a—-7m) N "
fS=:€S~ES=—T—2 T=A; o,
i &
d;
T
(2)Determination of Equivalent Stress Block Depth, a(C=T); dz e 3
a
sol ,:=Solve (O.Ss-fck-a ‘b =(A51 +As2)-f7+A53‘fS, a]
Ti=Ass f, (ARUE)
<
d C.=0.85f4ab a a
5 c=t=
a B 08
a=13.0302 mm c=16.2877 mm s
£,=0.0038

Since €s>gy, the bottom main rebar yields; therefore, a is recalculated,

Fig. 7. Case 4: Considering the Flexural Contribution of Bottom Reinforcement
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(3) Recalculation of Equivalent Stress Block Depth, a (C=T)

sol 3

a=10.3558 mm c=12.9448 mm

=:Solve[0.85'fck~a -b=(Asl+As2]<fy+A53-fy, a]

Check the yielding of the bottom main rebar using the recalculated a:

& &7 18
u S

Bl C
b ’

_ s
d3 € d3

sol 4= 8Solve

£_,=0.0056 (.. Bottom main rebar yields)

4.3 Extreme Tension Rebar Strain, &

sol

€,=0.0413

¢i=¢(£,)=0.85

4.4 Design Flexural Strength

and Strength Reduction Factor, ¢

T,i=A £ =83.1833 kN T,i=A_, £ =35.65KkN T,i=A_, £ =118.8333 kN
C_+=0.85-f_ -a-b=237.6667 kN
c ck
a
M, 3= Ty d +T,yd,+ T d—C = |=19.5597 kN m

Fig. 7. Case 4: Considering the Flexural Contribution of Bottom Reinforcement (Continued)
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Table 1. Summary of Analysis Results for Each Case

Case a et (0) OMn
Casel 5.1779 0.0859 0.85 17.415

Case2  5.7798 0.0859 0.85 16.8089

Case3  6.3849 0.0691 0.85 20.2415

Case4 10.3558 0.0413 0.85 19.5597

Note: a = depth of equivalent rectangular stress block
(mm); et = extreme tensile strain; ¢ = strength
reduction factor; pMn = design flexural strength
(kN-m).
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