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A= 10.12 in®
A= 474 in®
fy= 60000 psi
fo= 4000 psi
€.=€s fo(psi) Pc(kips)  fi(psi) Ps(kips) Pt (kips) PPt Ps/Prota
0 0 0 0 0 0 85.0% 156.0%
0.0005 1600 758.4 15000 151.8 910.2 83.3% 16.7%
0.001 2600 1232.4 30000 303.6 1536 80.2% 19.8%
0.0015 3100 1469.4 45000 455.4 1924.8 76.3% 23.7%
0.002 3300 1564.2 57000 576.84 2141.04 73.1% 26.9%
0.0025 3400 1611.6 60000 607.2 2218.8 72.6% 27.4%
0.003 3400 1611.6 60000 607.2 2218.8 72.6% 27.4%
100%
Stee/ corntreboiiorn
.
50%
Concrete ceonitrr 'éaf;oﬂ
0% 1 i T 1 ]
0.0005 0.001 0.0015 0.002 0.0025 0.003
Strain




Problem 1-4 12

1.4 A 20 x 24 in. column is made of the same concrete as Examples 1.1 and
1.2 but reinforced with six No. 11 (No. 36) bars with £, = 60 ksi. For this
column section, determine (a) the axial load the section will carry at a
concrete stress of 1400 psi, (b) the load on the section when the steel begins to
yield, (c) the maximum load if the section is loaded slowly and (d) the
maximum load if the section is loaded rapidly. The area of one No. 11 (No.
36) bar is 1.56 in®. Determine the percent of the load carried by the steel and
the concrete for each combination.

[*] Reinforcement Areas

Given Properties

f'o 1= 4000psi fy:= 60000psi f. := 1400psi n:=28 Eg:= 29000000psi
Column Properties
b:= 20in h:= 24in Agi= 6Agq = 9,36in2 The total area of steel Ay is six no. 11 bars

Part (a) Compute the axial capacity of the section loaded below the elastic limit.

Solution: The axial capacity is based on the gross area of the column plus the effective area of the
steel. Since we count the holes where the steel is removed, the additional effective area of the steel is
(n-1)Aq;.

— A
Agi= b-h Ag= 480in2 Ay =936 in” Reinforcement ratio = A—St =0.0195
g
P:= fC-[Ag +(n-1) Ast] P = 764 kip
P := fc-(Ag - Ast) P_ = 659kip
PC PS
P = fonAgy P, = 105kip 100~? = 86.3 100—P— =13.7

Part (b): Compute the capacity of the column when the steel begins to yield ¢:= 0.002069

or 2/10 of one percent
Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, but
we are at the elastic limit of the steel.

fi=eEg f; = 60001 psi
From Figure 1.16 f,:= 3100psi for slow loading

Since the problem is nonlinear, we must break out the concrete and
steel areas. We can no longer use the elastic equation from 1.1. A=A -A

Pi=f AL+ oAy P =2021kip

P.:=f A .
¢ ¢°c P, = 1459kip
ot P P
Poi= Ty Agt P, = 562 kip 100--1-)‘3 =722 100—135- =278

Part (c): Compute the maximum load capacity of the section

Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve,
but we are in the plastic range of the steel.



