USER BULLETIN 3: DETERMINATION OF UNSUPPORTED LENGTH RATIO L/Do

The unsupported length ratio (L/Db) is calculated by the automatic Sectional modeler spreadsheet
using Dhakal and Maekawa [1]. This method consists in the calculation of an equivalent stiffness ratio
(keq) that is used as input in a table that associates this ratio with the number of spaces between ties
over the buckling length (n). This number is multiplied by the distance between ties and divided by

the diameter of the bar to result in the desired unsupported ratio.
Equivalent stiffness ratio (k)

The equivalent stiffness ratio is the division of the normalized stiffness of the rebar (k) by the tie

stiffness (k;).

The normalized stiffness of the rebar is
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Where E, I is the reduced flexural rigidity of the rebar and is E.I = 0.5E,I /(fy/400); I is the second
moment of inertia of the rebar and is | = mD*/64; s is the tie spacing.

The tie stiffness is:
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where E; is the modulus of elasticity of the tie; A; is the area of the tie; [, is the length of the tie
leg; D_ore is the diameter of the cross section’s core; ny, is the number of longitudinal bars supported

by these tie legs, and n; is the number of tie legs parallel to the lateral load.

The length of the tie leg ([,) is exemplified as follows:
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nb:2;nl:2 nb:3;nl:2 nb=5;nl=4 nb=5;nl=4

Figure 1 - Number of bars and ties exemplified.
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Number of spaces between ties over the buckling length (n)

The equivalent stiffness ratio is used as the input for table 1 that associates this ratio to a number of

spaces between ties.

Stable

buckling keq

mode, n
1 >0.75
2 0.7500 - 0.1649
3 0.1649 - 0.0976
4 0.0976 - 0.0448
5 0.0448 - 0.0084
6 0.0084 - 0.0063
7 0.0063 - 0.0037
8 0.0037 - 0.0031
9 0.0031-0.0013
10 0.0013 - 0.0009

Table 1 - Determination of n
Unsupported Length Ratio
The buckling length is determined by L = n.s and the unsupported length ratio is calculated as

follows:

L
Unsupported Length Ratio = — = —
D, D,
where Dy, is the diameter of the rebar.

Different methods must be considered based on the purpose of which the spreadsheet is being used
for. Therefore, three main cases were considered in this spreadsheet, namely, circular, beam/column

and slab.
Circular
With hoop reinforcement

For the circular section with hoop reinforcement, the equivalent stiffness ratio is defined for the entire
diameter of the cross section as being k., = k;/k, as shown previously, and the unsupported length

ratio can be calculated following the steps shown previously.
No hoop reinforcement

In this case, the unsupported length ratio is considered to be D/D,,, where D is the diameter of the

cross section.
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Beam/Column

The beam/column presents two different types of unsupported length ratio. The first one is
representative of the buckling contribution on the edge’s bars due to the bending effect. The second

one considers the buckling contribution on the core’s bars due to pure compression (Figure 1).

<]} Bending

Pure Compression

+}——— Bending

Figure 2 - Bending and pure compression bars

With transverse reinforcement

For the bending unsupported length ratio, the equivalent stiffness ratio is calculated considering the
length of the tie leg (l.) of the tie that is restraining the edge’s bars in the tie stiffness (Figure 2(a),

next page).

Figure 3 - Tie leg for bending and pure compression cases

For the pure compression unsupported length ratio, the equivalent stiffness ratio is calculated

considering the length of the tie leg (l,.) of the tie that is restraining the core’s bars in the tie stiffness
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(Figure 2(b)). Since pure compression acts on all core’s bars, the number of longitudinal bars supported

by the ties (exemplified in Figure 1) are multiplied by 2.
For both cases, the unsupported length ratio calculation follows its normal procedure.
No transverse reinforcement
In this case, the unsupported length ratio is section height divided by bar diameter.
Slab
With shear reinforcement
The unsupported length ratio is due to bending of the section.
No shear reinforcement
The unsupported length ratio is three times section height divided by bar diameter.
Slenderness ratio

The slenderness ratio (r;,) indicates approximately the reduction of normalized stress (f;/f,) on the

modified compressive stress-strain curve due to buckling [2]. Its calculation follows:

oLy
b~ p.]100

Table 2 associates the value of the slenderness ratio with the buckling effect level.

o £/ f, Bucklll eanEIeffect

<8 - No effect
8-16 | 1.0-0.8 Small
16-34 | 0.8-04 High
34-50 | 04-0.2 Very High

Table 2 - Determination of rp, and its relation with normalized intermediate stress ratio
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EXAMPLES

1. Circular
Hoop Reinforcement Main Reinforcement . — 1 .
Area tmmz] 100| |Area tmmz] 300 ’—Iﬁ—‘
Spacing (mm) 250| |#of Bars 16
Est (MPa) 20000| |Fy (MPa]" 400 ?§ ET
Fu (MPa] 450
Clear Cover Es (MPa] 200000 r‘# %
esh (x10°) 10 1] 1l
Dimension (mm) 30| |eu txlﬂ'g'] o] -'—[-h q JI
# of Clear Cover Layers 3| |Dep tlﬂ'gl o [ 1 I

e _ ﬁ
Diameter (mm) 500
# of Core Layers 20 O Lock Input

Member Type 2

0 Mo Hoops [ -

D4 B mx19.54%
64 64

I = = 7155.96 mm*

E.l = 0.5EI /(fy/400) = 0.5x200000x7155.96x,/(400/400) = 715 596 382.2 Nmm?

_ m*E, ] m*x715596 382.2

k=— oo = 4461.16 N /mm
2B A, 2E,A, __2x200000x100 o
* = Doore D — 2xClearCover — TieDiameter _ 500 — 2x30 — 11.28 99 N/mm
ke 9330099

=" =2091
4k 4461.16 0.9

By entering with k. in table 1, we get the n = 1. Therefore, the unsupported length ratio is:

L n.s _ 1x250

== = 12.
D, D, 19.54 79

The slenderness ratio is:

_L fy—1279 400—2559
" =p 100 =77 100

Based on Table 2, the table below gives high buckling effect for all reinforcement layers.

N L/Db n o Buckling Effects
1 12.79 1 25.6 High
2 12.79 1 25.6 High
3 12.79 1 25.6 High
4| 1279 | 1| 256 High
5| 1279 | 1| 256 High
6| 1279 | 1| 256 High
7| 1279 | 1| 256 High
8| 1279 | 1| 256 High
9| 1279 | 1| 256 High
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2. Beam/Column

Long Side Main Reinforcement

Dimension (mm) 500 |Area (mm2) 300 . ' ' q

#of bars g| |Es (mPa]' 200000

# of cross ties o| |Fy inapal’ 247 . ) ||
Fu (MPa] 603

Short Side esh (x10°7) 17.1 e ||
£&u txlﬂ'g'] 131

Dimension (mm) 300| |Dep txlcr":'] 0

# of bars 4 . q

# of cross ties C| |Cross Section d

Shear Reinforcement Clear Cover (mm) 22 .
# Clear Cover Layers 2

Area (mm2) 100| |# Core Layers 10 —H® [ |

Spacing (mm) 200| |Member Type 2

Maodulus of Elasticity (MPa) 200000 Wl ) [ |

OLlock Input  O5lab Medelling ONo Stirrups _ . . . d

D4 B mx19.54%
64 64

E.I = 0.5EI /(fy/400) = 0.5x200000x7155.96x,/ (447 /400) = 756 469 993.6 Nmm?

n*E ] m*x756 469 993.6
k=—3-= 5003 = 9210.88 N /mm

I = = 7155.96 mm*

For bending unsupported length:

o _EAcm __200000¢100 2 oo
t T, n, 300—2x22—11.28 4 03 N/mm
k. 40863.03
=t 4.44

¢~ T 921088

For pure compression unsupported length:

o _EAcm __ 200000¢100 2
= m, T 500 2x22 —11.28 2x8 _ 02152 N/mm
k. 5621.52
Koy = -2 = 61

°d = 1 T 921088

By entering with k., in table 1, we get n = 1 for the bending ratio and n=2 for the pure compression
ratio. Therefore, the unsupported length ratio is:

For bending unsupported length
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For pure compression unsupported length

The slenderness ratio is:

For bending ratio

For pure compression ratio

== =20.47
D, D, 1954

L |f 447

= |22 =10.23 |[— = 21.63
D 100 100

L |f 447

= |22 = 2047 |[— = 43.26
D J100 100

Based on Table 2, the table below gives high buckling effect for the reinforcement layers with bending
unsupported length and very high buckling effect for the reinforcement layers with pure compression

unsupported length.

N | L/Db | n| rb | Buckling Effects
11023 (1216 High
2 2047|2433 Very High
3020472433 Very High
412047 |2 433 Very High
52047 | 2433 Very High
6 |20.47 |2 |43.3 Very High
7 |20.47 | 2 |43.3 Very High
8110.23 |1 |21.6 High
3. Slab
Long Side Main Reinforcement
Dimension (mm) 700| |Area (mm2) 200
#of bars 8| |es mpeal 200000
# of cross ties o| |Fy (MPa]' 400
Fu (MPa] 603
. bt
Short Side esh (x107) 17.1
= ] ] T ] | S—
eu t:lﬂ'g'] 131 T oL
Dimension (mm) 250| |Dep t:lt}al 0
# of bars 2
# of cross ties 3| [Cross Section i — — [ — ) — [ —
Shear Reinforcement Clear Cowver {mm) 30
# Clear Cover Layers 3
Area (mm2) 100| |# Core Layers 14
Spacing (mm) 250| |Member Type 1
Modulus of Elasticity (MPa) 200000

OLlock Input @ 5lab Modelling OMo Stirrups _
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[ = wD* 3 mx15.96% _ 318494 .
T et 64 R mm

E.I = 0.5E] /(fy/400) = 0.5x200000x3184.94x,/(400/400) = 318 494 140.5 Nmm?

m*E. ] m*x318 494 140.5
=~ = TE = 1985.55 N/mm

o _ EAcn _200000x1003
t = n,  700—2x30 8 75 N fmm

. = ke 1171875
€ g  1985.55

5.90

By entering with k., in table 1, we get the n = 1. Therefore, the unsupported length ratio is:

L n.s 1x250
= = 15.66

D, D, 1596

L ’ £, /400
Ty = B m = 15.66 m = 31.33

Based on Table 2, the table below gives high buckling effect for both reinforcement layers.

The slenderness ratio is:

N | L/Db [n| rb | Buckling Effects
1 |15.67(1|313 High
2 | 15,67 |1]31.3 High

SPECIAL CASES

1. Open Stirrups Case

This bar layer does not have any

|73{I{Imm4|
“buckling protection”. Thus, L/Db calculation

@ = As=800mmA2 as if no stirrups for this layer.
5 (section height / bar diameter)
| | a=400mmps For “core rebar layers”:
E 4’5—— Proceed as specified in manual.
= — .
g Pure compression case.

[
i
=1
3
3

Ed
(5]

250mm

For bottom rebar layer:
Proceed as specified in manual.

Az=800mm"2 Bending case.

CC = 30mm
Total Layers =28
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2. Top & Bottom Stirrups Case

As=800mm"2

. S Ry

I 200mm |
[ — l
Y E Az=800mm"2
N
The stirrups provided can’t prevent the bars
to buckle. Thus, all bar layers should be
— (i AR caIcuIat‘ed
E as no stirrup case.
8
r/__
e E  As=800mmA2
5
#
CC = 30mm
Taotsl Layers =28
3. Top Stirrups Case
I 300mm I
[ — l
W _E As=B00mm"2
g Iy
The stirrups provided can’t prevent the bars
. to buckle.
E & > = All bar layers should be calculated as no
§ = E As=400mm"2 . Y
E stirrup case.
8
= = = f/__
E  As=800mm"2
5
- &
CC =30mm
Total Layers = 28
4. Bottom Stirrups Case
I 300mm I
oo l
A o As=600mm~2
}\
The stirrups provided can’t prevent the bars
to buckle.
E : . All bar layers should be calculated as no
o [= — A .
= E| Ass00mmi2 stirrup case.
g
‘ —_—
o
&

CC =30mm
Total Layers = 28
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