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Example 4.1: [Column Interaction Chart]

Draw the interaction diagram for a given column if the column is made up of C25/30 and S460, Show at
least a minimum of 6 points in the interaction diagram.
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Solution
Step 1. Material property
Concrete
C25/30 feu = 30mpa
fer = 25 mpa
fea = 14.16667 mpa
Rebar
S —460
fy = 460 mpa
fya = 400 mpa
Eya = 2%o0
1
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Step 2. Interaction diagram points

a) Pure axial compression

Ecm=2%o

T O «—Cs2
€S2 oo
Cc
£s1
O 0 <——Cs1

&1 = &3 = Ecm = 2%o0 use fs = fyq

Cc = acfeabh

1
a, = 1fgg(125 + 64ecm — 166.,%) = 1

C. =1%14.1667 x 400 » 500 = 2833.333 KN

=0.5 40 (Ecm_z)z — 05 H = 250 ,
fe=0. 7 125 + 64e.py, — 16,2 - Bch = mm from top

Cs1 = As1fya = 3400 * 400 = 1360 KN
Csp = Asafya = 3400 * 400 = 1360 KN
p =C,+ Cyy + Cyy = 2833.33 + 1360 + 1360 = 5553.333 KN

Find moment at center of cross-section

T 0 O O Cs2
150mm

Cc

150mm

O O O O Cs1
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M =0KNm
v P 5553.333%10° Lo6
sd = bh ~ 14.16666 * 400 * 500
#Sd - deth -

b) Point between pure compression and on set of cracking

€cm
—t 2 %o
€S1
o O O Jd

Assume &.,,, to be 3%o by similarity of triangle €54 = 1.1333%0 &4 = 2.5333%o0
&1 < &yq fs = Eggy = 226.667 mpa &2 > €yq  fs = fya = 400 mpa

1
Cc=cfeabh @ =755(125+ 6453 ~1637) = 091534

C. = a.f,qbh = 0.91534  14.1666 * 400 * 500 = 2593.474 KN
Csy = Agi fo = 3400 * 226.667 = 770.666 KN

Csp = Asafya = 3400 * 400 = 1360 KN

P =C,+Cs + Csp = 4724.1406 KN

40 (gcm - 2)2
=05-—— = 0.467
& 7 125 4 640y — 1682

Bch = 233.484 mm from top
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O 0 O O | Cs2
Cc
O O 0O O Cs1
250 — 233.484
M=C,* (W) + Cgp ¥ 0.15 — Cgq * 0.15 = 131.232 KNM

P 47241406 * 103

V = =
sd = F bh  14.16666 * 400 * 500

M 131.2339 = 10°

Hsd =% ph? ~ 14.1666 * 400 * 5002

C) On set of cracking

OO OENG

OIS

= 1.667
= (0.0926
Ecm=3.5%0
<—(Cs2
£S2
«—— Cc
gs1
<—— C(s1

From similarity of triangle €4 = 0.7 %0 &5 = 2.8%0
&1 < &q fs = Egsy = 140 mpa &2 > &g fs = fya = 400 mpa

Cc = acfeabh ae =
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— _ 2y _
189 (125 + 64 * 3.5 — 16 * 3.5%) = 0.8095
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C, = acfogbh = 0.8095 * 14.1666 * 400 x 500 = 2293.6508 KN
Coy = Agyf; = 3400 x 140 = 476 KN

Cs2 = Asafya = 3400 * 400 = 1360 KN

P =C.+Cy + Cs; = 4129.6508 KN

B. =05 40 (eem = 2)° = 0.41596 B.h = 207.983 ¢
T 7125+ 64y — 16em2 ch =207.983 mm from top

250 —207.983
M = C, (—) + Csp ¥ 0.15 — C51 * 0.15 = 228972 KNM

1000
y P _ 41296508+ 10° L4575
sS4 £ bh 14.16666 * 400 * 500
M 228972x10° 016163
bsa = f.qbh? ~ 14.1666 * 400 * 5002
D) Balanced failure
€cm=3.5%0
o O O £57 Cs?
X Cc
€Sl
O O O Ts1

From similarity of triangle

X 3.5
€1 =2%0 &3 =2.12%0 K, = 153% 17 = 0.6363 X = 254.545mm

&1 > Eyq fs = fyd = 400 mpa &2 > Eyq fs = fyd = 400 mpa

_3*3.5—2

Ce = tcfeabh @ === *0.6363 = 05151

C. = a.f,qbh = 0.5151 x 14.1666 * 400 * 500 = 1167.559 KN
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Ty = As1fya = 3400 * 400 = 1360 KN
Cs2 = Asafya = 3400 * 400 = 1360 KN
P=C.+Cy — Ty = 1167.559 KN

_ 35(3%3.5—-4) +2
€ 2%353%35-2)

* 0.6363 = 0.26467 Bc.d = 105.871 mm from top

250 — 105.871
o * (—) + Cyy *0.15 + Tgy * 0.15 = 576.279 KNM

1000
Vo= P 1167559%10° 0412
s& = f bh  14.16666 * 400 * 500
M 576279%10° 0.4067
Hsa = f.qbh? 141666 * 400 * 5002
E) Between balanced and pure bending
€cm=3.5%0
SRS €52 <——C(Cs2
X % CC
el B A B

assume &1 = 4%o

From similarity of triangle

x_ 35 = 0.4666 X = 186.667
d 35+4 = 1e0.60/mm

&1 > &yq fs = fya =400 mpa &y < &q fs =E&g; =325 mpa

€51 =4 %0 &5, = 1.625 %0 K, =

_3%35-2

Cc=acfaabh  ac === *0.4666 = 03777

C, = a,fogbh = 0.3777 x 14.1666 * 400 * 400 = 856.296 KN

Ty = Ag1fya = 3400 * 400 = 1360 KN
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Csy = Agyfs = 3400 + 325 = 1105 KN
P=C.+Cs — Ty = 601.296 KN

_350 235D F 2 4666 = 0.194117 d = 77.6469
C_2>»<3.5(3>»<3_5—2)>'< ' - Bed =77. mm from top

250 — 77.6469
M=C.* (W) + Csp ¥ 0.15 + T5q % 0.15 = 517.3352 KNM

v - P _ 601296~ 10° 02122
sd = F bh  14.16666 * 400 500
M 517.3352%10° 0368
Hsa = f.qbh? 141666 * 400 * 5002
F) Pure bending
€cm=3.5%o
C es2 ——
X Cc
OO ENONERS 5851 —_— Ts1

Assume €51 > &)y &5y < Eq S0 faa=fya fs2=200x¢

3.5 3em — 2 28333 b
= —_ = —_—% e —— =
* T o135 T 3e,, T v3s T dw
2.8333
= —— % 14.166 * 400 * 400
&1 +3.5
_ 6422.146
€ gy +35

Ty = Ag1fyq = 3400 * 400 = 1360 KN

Csy = Agyfs = 3400 % 200 * &5, = 680¢,,
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3.5 1400
Next rel and x = ( ) * 400 =
extrelate & €s2 £51+3.5 00 £51+3.5
.. . . 3675—-350¢ 3675—-350¢ 2499000—-238000¢
From similarity of triangle &, = ————= so C,; = 680 ( 51) = =
1400 1400 1400

_ 6421.146 2499000 — 238000¢5,

- —~ 1360 =0
&1 135 T 1400

£, = 6.339%0 K, = 0.3557 a, = 0.28796 C.=652.731KN C,,
=707.37KN T, = 1360 KN

250 — 59.1836

M=652.731*< 1000

) +707.37 x 0.15 + 1360 * 0.15 = 434.657 KNM

P 0

V = = =0
Sd =% bh  14.16666 * 400 * 500

M 434657 %10°
Hsd = 7 bhz =~ 14.1666 » 400 * 500

= 0.3068

Interaction diagram
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