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COMPRESSION MEMBERS
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e Compression Members are those subjected to PURE
COMPRESSION forces.

®Design procedure is similar to the design of Tension
Members except for STABILITY (BUCKLING)
phenomena.

eThere isa Stability Problem. The acting compression
tends to bend the member off its straight alignment.

> 1:act < 1:aII
eBecause of the above the stiffness limit is very strict.
e Applications 3 > Truss members, Pin ended

columns, knee bracing, ...
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e For CONCENTRIC compression forces, the resulting
stress is a uniform stress equally distributed over the
member area.

stress

ultimate strength

failurs
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hardening,  e<rNg
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e For bolted construction, the bolt shank is assumed to
full the hole. Therefore, the gross area is always used in
assessing the actual stress.
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The well known moment- curvaturerelation

M ? . .
— == d \2/ ; Substituting M =P.V, Diff.equ. would be : P
El dZ —
2 \
d \2/+K2V=O;whereK2:P/EI \
dz “
. . y |
The solution of the Equation: L ol
| |
V(Z)=AsinKZ+BcosKZ Yy
wher A and B are constantsdepends on boundaryconditions ¥ ;j
For V(0)=0and V(L)=0 ThereforeB=0and A sin KL=0 ‘, d

For non - trivialsolution (A #0) then:

K:n—Ln,nzl,Z,& ....... ; Or P=n n

2
El
SmallestLoad,n=1 thus P =P, = % .
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¢ As the load increases, the stress increases. But failure

generally occurs at a stress much lower that the yield
stress . Failure is SUDDEN.

_mEI
critical (K L) 2
oK = buckling length factor

e[. = member length
oE = Modulus of Elasticity
o] = Section moment Inertia



BEHAVIOROECOMPE °
MEMBERS

Residual Stresses I\ /U“
~&

® Due to the non-uniform cooling of
section .

+ha+t 1 £

® Due to that plastification of the section
will start at the tips of flanges at stress

below the yield stress.

(A) (B) (€)
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e Case | Loading (Main Loads)

F 7K5|(_)0 ~ KL 100
|
(T)z
- _ossr, (O 075 KL, KL, oo
[

10,000

(St37 = F. =1.4-0.000065 x KLy, WH T

eCase Il Loading (Secondary Lolads) I
Increase allowable stresses by 20% e "
*For eccentrically loaded members: | |
Reduce the allowable stress by 40% @ ®

(a) No reduction; (b) and (c) reduce 40%

10
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2.11

2.12
213
2.14

o .
For A = slenderness ratio = ki /r < 100 (see Chapter 4 for definition
of terms):
. {0.58F, - 0.75
F, = 0.58F, _ 058, 4 b2
10
Grade ~_ Fg(tem?)

of Steel t < 40 mm 40 mm < t < 100 mm

St37 | F.=(1.4-0.000065\%) | F. = (1.3 — 0.0000551%)

St44 | F.=(1.6-0.000085.% | F.=(1.5-0.0000751%

St52 | F.=(2.1-0.000135.%) | Fc=(2.0 -~ 0.000125)%

For ali grades of steel:

For A =kr =100:

Fe = 7500/\°

2.15

11
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e Buckling length of any member needs to be evaluated
in BOTH planes (in-plane and out-of plane)

e Buckling length about any Axis is the buckling length
in the plane PERPENDICULAR to that axis.

e All truss joints are assumed as hinged (partial rigidity
due to connection is neglected).

¢ In general, in-plane buckling length of a truss member

= geometric length of the member.

°12



Table (4.4) Buckling Length of Compression Members in Buildings and in

-
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Bridge Bracing Systems

Qut—of-Plane

Member In—FPlane Compression Chord|Compression Chord
Effectively Broced Unbraced
Chords ¢
g 8 0.75 span
(Clause 4.3.2.2)
Y
—Single
Triangulated 8 8 1.2 6
web system
—Muliiple
Intersected :
web rectangula
system 0.5 B 0.75 E E
adequately
connected




—
—— ——

-

A
-m

SiVa
vV 11U

-

QOIVIPE

MEMBERS

Table (4.4) Buckling Length of Compression Members in Buildings and in
Bridge Bracing Systems (Cont.)

Out—of—Plane

triang ulated
web system

—K—intersected
wab system

DN E

Member in—Plane Compression Chord|Compreasien Cherd

Effectively Braced Unbraced

=Multiple LY

Intersected f, 0.8 Ed S

web trapezoidal

system

adeqguately :

connactad

— K-—system E 1.2 E 1.5 6

membasrs

—Single 6 E 1.2 e

KKK

0.5¢

(0.754—0,25:%)2
. L

(0.90+0.30 S ¢
L

.Ns
N,

Smaller value of compression force
Larger value of compression force
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STIFFNESS LIMITATION
KL
(—) <180 L
|

Compute slenderness ratio in-plane and out of plane

Table(4.1) Maximum Slenderness Ratio for Compression

Members
Member ' Amax
~|.Buildings: __

Compression members 180
Bracing systems and secondary members 200 i
Bridges:
Compression members in railway bridges 90
Compression members in roadway bridges 110

Bracing systems ] _ 140

*16
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CASE | SECTION OF MEMBER iy or Iy iy or i,
a 7 s
1 %. i.,=03 a -
; a i a
2 | *— w -- _} i,=0.28 b i,=048 a
n:h:l#:l
3 '#j{- men i,=03 a o o
5 W]. i,=0.2 a
a:bh=18:1
b b
4 %fi_} -- i,=0.3 a — |
6 'ﬁ_CM. i,=0.14 &
a:h=2:|
a:bh =181 _
i
7 ﬁ,]. i,=0.1 a
aib=3:d
.[ 2 _
8 - i,=0.385 a




—CONSTRUCTION CONDITION

N CONDITIO

® To allow for proper installation and tightening of
bolts (use only in bolted connections).

a—t>3d,

: : ' v ' : ' . B .
C{_‘“t‘ I — H‘t" 41,
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e Welded or Bolted Connection

P T
= 5-5
b

<
A

1:Ca =

~
_

(a}) Welded Members.

(&) Bolted Members.
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eDetermine
eDF (Compression Force), Load Case (I or II)
*Member location, Length (L,), Bolted or Welded
*Determine L;;, ... and L
*Choose section type (1L, 2L back to back, 2L star shape).

out of plane

eStiffness condition (get minimum “a”)
e Construction condition (bolted), (get minimum “a-t”)
e(Obtain an approximate area

3
H
| 3 PN . R N = __a H T - -
MO EAFEL NIIFVITER - = ey i122 Rl e = i
SR gats & YR ww = = =% - e = i
re__.-.1
A LTS g

a

Q@

0.6 (non symmetric section), 1.2 (if case II) e
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eChoose a suitable section from tables

«_n

eUse minimum “a

*Use A,,,

eCheck of Safety

e Actual Stress
eAllowable Stress

21



eStart design with either tension or compression force
*Check safety for the other straining action based on
the chosen section.

eUse slenderness ratio of compression members in all
cases.

*[n general

o[f T > 2C start with the tension member design and
check safety on the compression force

o[f T < 2 C start with the compression member design
and check safety on the tension force

°22
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Fxample (3.1): Buckling Length:

Deslgn = top cempression mesbec (A) if the desipgn force From fipure lx - 1]r = 00 cms
0,F, = - 28 tons (Case of loading I1) and its length, 1 = 300 cms chease Z angies of =qual legs back fc back.
(¢ = 20 mm=). SLiffness Conditien:
175 <180, i_ = 0.30 a (Table 2.2)
Eolulion A
. 300
- azﬂ__ﬂmﬁz 5.56 ems
Construction Conditien:
(a<t) * 3 ¢ > 6.0 cms.
UN. BR. Req. Approx. Araa: 5
Purine | | | ASSiine rav =095 /™.
_ 28.0 - 2
.:.:E;l T x oo AT T " 12.27 cm
groes T s T " (Cage of loading 11}
PR av. slress
Check of Stresses and provisions for local buckling :-
Elevation -
. Try 2 <% (H0xBDxB) k,, = 12.30 cn®
b/t = 8,041.0 = B.0 <14.8 (Table 3.2) i.e. No local buckling
_ 30 _
_ kT TEo xw - 125 < 180 (e.k)
T500 . '
F s — 1.2 = 0,576 i/cm®
©  zs)¢
L¥. BR. .
Struts T 28 _ 4
fc 5% 1290 1.138 tfem™ > Fc {unsafe)
£ 2
. Try 2 < (100x100%10) A“ = 1%2.20 cm
— : ; - 300 _ : _ 7500 i 2
Type of Cross Section: .'L_lc 7 L 5 % ig oo L. I’ﬁ = ngﬂ)z x 1.2 = 0.9 LAem

The member belng a top ehord membar @
choose a sym. ssction (2 <" back to back). fc =28 7 {2 x 19.2) = 0.73 |.!"|:.|_|2 € FC .". Safe and agonomic




