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STATIC AND DYNAMIC ANALYSES OF SUSPENDED CABLE
ROOFS FOR HALLS HAVING A RECTANGULAR SHAPE DUE TO
WIND LOADS
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Abstract: The main aim of the present work is to investigate the static and dynamic analysis
of suspended cable roefs for halls having rectangular shapes due to wind load. The responses
of nonlinear analysis are taken into consideration. The deterministic approaches require
considerable analysis time and effort in relation of modeling, running, and data processing.
Detailed static and dynamic analysis of cable roof networks is sophisticated and requires
advanced modeling expertise. The approach can be considered as alternative to analysis in the
preliminary design phase, or can be used to validate results obtained from more elaborated
numerical models. This good preliminary technique was examined using several examples
and the results arc in good agreement with these solved using the computer program.

Many rectangle cable roofs have been studied and analyzed using a computer program Sap
2000 version 14.0.0 [1]. The results are used to investigate the factors that affect the design
and the response of cable suspended roofs. Also, the results, graphs and relationships form a
good technique for the preliminary design of rectangle cable suspended roofs. Proposed
model is illustrated with program which is mentioned before.

1. Iatroduction continuing rise of tne steel cost, the

Cables are light and have a high strength 10
weight; its lightness provides an expanded
impression of space and the smoothly
curving cables that create structures with
soft outline provide a desirable alternative
to the traditional orthogonal building, cable
has also proven to be an economical
proposition for large structures. With the

development of the high tensile stee} cable
has it possible for man to fransmit large
axial force in tension at a relative low cost.
Cable roots have a wide field of
application and have been used to cover
such different building such as stadia and
sports halls, swimming pools and water
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reservoir, concert halls and theaters,
cooling tower, hangers and factories.
This work investigates the static and
dynamic responses for convex cable roof
net having a 200 m long, 100 m wide, and
24 m height .The analysis of wind load is
taken according to {ECP-building —loads].
Several parameters are studied in static and
dynamic analysis and the results are
showed for some selected joints, members,
and column bases.
2.The static and dynamic analyses for
cable roof nets
2.1 Static analysis.
The static analysis for cable roof convex
beams are carried out taking the following
effect into consideration as study
parameters  with reference to  Fig.(1)
[2,3,4,and5]:-
1. The spacing between vertical cable
elements (distance a).
2. The initial tension in cable elements
(ali group of cables).
3. The value of both sag and rise to
span ratios (sag and rise).
4. The inclination of stayed cable
elements with horizontal (angie 6,).
5. The inclination of columns with
vertical (anglc 07).
6. With and  without
elements.
2.2 Dynamic analysis for cable roof nets
The dynamic analysis contained [2,6]:
. Frequency domain analysis.
2, Time domain analysis.
3. Static and dynamic modeling with
reference to Fig. (1)
Both static and dynamic analyses are
carried out for a rectangular convex roof
net having a dimension of 200 m long, 100
m wide, and 24m height.
The properties of used cable for all cable
groups are taken as given in Table (1).
Arrangements of grid are 5 m center to
center in the two principal directions; the
spacing between columns is Sm in the two
directions. The columns are steel {-beam
built up section with fixed supports having

diagonal

a properties shown in Fig.(2a).The
arrangement of columns with lateral beams
in both directions (plane and out of plane)
is shown in Fig.(2b),The rise of cable is
fixed as 3 n: (3% from short span) and the
sag of cable varies from 3% to 6% with
step 1% of short span .

3.1 Loading

The following assumptions for loads are
taken into consideration to carry out both
static and dynamic analyses:-

Dead load: - For cables (self-weight for all
cable groups of 0.66 KN/m are considered
and uniform distributed cladding of 0.150
KN/m? is taken for upper cables that carry
the cladding) and for beams (own weight
+wall load) equal 28.8 KN/m

Live load:-a uniform distributed live load
equal 0.55 KN/m? according to [E.S.S]
Wind load: - Two cases of loading as
shown in Fig. (3) due to [ECP-building --
loads] are considered.

Windward pressure and leeward section
was calculated with respect to [ECP-
building -loads] using the following
equation, Table (2) shows the value of
them for columns.

P=CKg 4]
Table (3) shows the properties of cables
for all groups.

All the loading assumptions regarding the
wind effects on the network and the self-
weight of the roof are also considered to be
the same.

3.2 Modeling of damping

From ref, [7, 8, and 9] it was concluded
that varying the damping ratio between 0.5
to 5% critical does not have a significant
effect on the total response. Finally, an
equivalent translational viscous damper
with 2% of the critical viscous damping
was selected.

4. Analysis of Results

The results are considered from the
envelop solution of wind load directions in
Fig.(3), it was noted that the maximum
values of straining actions acquired when
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Table (1):- Cable properties
Diameter (m)

Minimum breaking load (KN)
| Weight (KN) 0.66
| Steel area (m°) 7.862x10”
Elastic Modulus (KN/m®) 14720 |
Diagonal
Slement Group No. 2
: E/ R
Ay /_ L\‘\. / \ / . _ _ﬂRme
45 \ —X\ P% NN \ Sag
/ ] ~ Group No. 4 K
Stayed .

cable
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Fig. 1: Configuration of convex cable roof with all group members
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Fig.2b: Columns and beams arrangements in plane and out plane
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the wind load direction is perpendicular to The output results for mid span joint, four
the long span (L.=200m).For all resuits the members and four column bases joints as
axes direction assumed to be as in Fig, (4). in Fig. (5).

C=-0.5 C=-0.5

%
)
0 Y
/-0

\
.;z‘ﬁ,}}}‘.*}ﬁ?

Y

—

(a)
Fig.3: (a) Wind pressure direction perpendicular to long span (L}
(b) Wind pressure direction perpendicular to short span (B)

Table (2):- Wind pressure and suction calculation for columns.

\ C Windward ’ Leeward
Helght;bove K KNCE’ 2 L’_—“‘—’T—‘—‘—‘“ pressure section
ground (m) m Windward | Leeward KN/m KN/m
0-10 1.0 3.6 2.25
10-20 1.10 0.90 0.80 -0.50 3.96 2.475
20-24 3 B 4,68 2.925 |
Table (3): Configuration for each cable group
Group number Location Tor W
- L KN/m
Group No.(1) Sagging cables 5% which equal to 550 KN | 0.66
Group No.(2) Rising cables | 20% which equal to 2097.4 KN 4.16
Group No.(3) Stayed cable element 25% which equal to 262].8 KN 0.66
Group No.(4) Vertical element 20% which equal to 2097.4 KN 0.66
CBI? 5 “
£
IY Mya3q i "hass 5516613
. CBleuq £
/.// .I1 . Jl "E
8 8
s E
4 X L éMnaz CH
- By ‘
A mm /Z 50mm . A 50mm - /__50mm ﬁ_//
Fig.4: Assumed axes direction Fig.5: Location of studied joints and

members with respect to group No. (1)
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4.1 Static analysis
There are many investigation factors
affect the response of cable in static
analysis these factors are studied below:-
a)Sag/span ratio (1) against deflections
(8) Fig. (6)
Increasing of sag/span ratio for same steel
area and initial tension in cables causes a
decreasing net deflections and final cable
tensions.
b)Initial tension (Toy) against deflection
() Fig.(7)
Increasing of initial tension in cables for
same sag /span ratio and steel area causes
a decreasing of deflection for net joints.
The net having diagonal elements had a
deflection lower than that without
diagonals.
c)Initial tension(Toy) against final
tension (Ft) Figs.(8,and 9)
Increasing of initial tension increases final
tension for all groups of members. For
group No.(1) members the value of final
tension is bigger than the value of initial
tension on the contrary group No.(2)
members such as M 1974 which lie above
Mgz Final tensions in the net with
diagonals are bigger than the net without
diagonals for group No.(1) Fig. (8), on the
contrary group No. (2) members Fig. (9).
d) An inclination (8,) against (N.F) ,
(B.M) in columns, and (8) in cable net
Increasing inclination of stayed cable
elements with horizontal (8;) decreasing
normal force in columns and deflection in
net Figs. (10,,and11). Bending moment in
columns is also decreased but for columns
which exposed to wind pressure as CB722
but columns, which exposed to wind
suction as CB,7ss the bending is increased
Fig.(12)
e)Area of steel of cable against
deflection (8) Fig. (13)
Changing area steel of cable is studied and
it concluded that increasing area stecl of
cable for same pretension, rise and

sag /span ratios decreasing deflection at
net joints.
f) An inclination (8;) against deflection
(8) and final tensions in cables (Ft)
Increasing inclination angle of columns
with vertical (8;) decreasing deflection in
the net Fig. (14) and increased final
tension in groups No. (1, 2) Fig. (15) for
same Initial tension , area steel and
sag/span ratio.
g) An inclination of (8;) against (N.F)
and (B.M) in columns Figs.(16,17)
Increasing inclination angle of columns
with vertical {8;) decreased normal force
and bending moment in columns,
4.2 Dypamic analysis
4.2.1 Frequency domain analysis
For natural frequency domain analysis
many natural frequencies and mode shapes
are calculated .These natural frequencies
are recalculated for different values of
sag/span ratios, initial tension, and spacing
between cable elements. To study the
influence of previous factors with
frequency other factors are kept constant.
Fig. (18) shows some mode shapes of the
cable net.
a) Sag/span (t) against natural frequency
(f) Fig.(19)
Fig (19) indicates the first mode frequency
for cable and flexural respectively and it
was noted that increasing of sag/span ratio
decreases the natural frequencies for both
cable and flexural mode.
b) Initial tension (Tof) against natural
frequency (f) Fig.(20)
Increasing the initial tension (Tof) increases
the natural frequencies [10]
c) Spacing between cable elements (a)
against natural frequency (f) Fig. (21)
Increasing the spacing between cable
elements decreases the natural frequencies.

C. 40



C.41

_,_5‘ & ——
5
X Fds
By
™
03 045 055 065 -0.75
d (m)
Fig.6: Variation of (t) with (8)
M1482

= Ft without D.E —&—Ft with D.E

4000 - [ L =
~ 3000 4“*“**-‘——##‘
G
= 2000 1 72./ ]
s 1000 1+ / =

4
0 2
2000 2400 2800 3200 3600
Ft (KN}

Fig.8: Variation of (Tor ) with (Ft)

[~

N

3

=

sl

= \
”-30—1- 3 : -

2600  -3600  -4600  -5600
N.F (KN

Fig.10: Variation of (N.F) with (0;)

M. Naguib Abo El-Saad, Salah El Din El Bagalaty and Ahmed Abd Elaziz.

1371
| -5 with D.E_ & without D.E |

e

[ 25 |
X =20
p 15
_‘0_%-”'1“*1 i | ! 7 i 1
-0.4-06-08 -1 -1.2-14-1.6-1.8 -2 -2.2
4 (m)
Fig.7: Variation of (Tog) with (3)
M2974
~~Ft without D.E —d Ftwith D.E
4000 — -
3000 S
.
%2000
1000+t~
0 i

0 20 40 60 80

Fig.9: Variation of (Tor ) with (Ft)

__wnn |
- 60
s
3 - 50
= l
— -3 i I T —
08 0825 -08 0875 09
9 (m)

Fig.11: Variation of () with (0;)



Mansoura Engineering Journal, (MEJ), Vol. 35, No. 4, December 2010.

l -4-CB1785 —+CB1722 ‘

Inclination (01)

-260  -300

B.M(KN.m)
Fig.12: Variation of (B.M) with (8;)

-220 -340

~
<
=
2
=
=
1)
_
0.63 -0.65 -0.67 -0.69 -0.71
6 (m)

Fig.14: Variation of (3) with (9,)

: T Y T T T T Ty

=

e

=

=

= —

-5000 -5100 -5200 -5308 -5400
N.F (KN)

Fig.16: Variation of (B.M) with (8;)
for CB1722

TOF %

C. 42

——d=0.127m

]

-1.65 -1.9

——d=0.116 m |

T

0.4 -0.65 -09 -1.15 -14

8 (m)
Fig.13: Variation of (8) with (d) for Js7

-~ M1482 & M1521
-+ M1434 & M1453
ST S B

k.
=
1

-
h

T
|

Hg
h
[

Inclination {62)
h

0 +4 . d— -
1600 2000 2400 2800
Ft (KN)
Fig.15: Variation of (Ft) with (0;)

g
25 75 125 17§
B.M (KN.m)

Fig.17: Variation of (N.F) with (0;)
for CB1722



C.43 M. Naguib Abo El-Saad, Salah El Din El Bagalaty and Ahmed Abd Elaziz.

Mode No. (10} Mode No.(40)
"Cable mode" =0.736 C.P.S "Cable mode' 1=1.196 C.P.S

Mode No.(172) Mode No.(225)
"Flexural mode" £=2.030 C.P.S "Flexural mode' 1=2.239 C.P.S
Fig 18:Some mode shapes
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Fig.19: Variation of (1) with (f)
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Fig.20: Variation of (Tor) with (f)

4.2.2 Time domain analysis
The analysis of time domain is

taken place with 60 second by time interval
0.0lwhich mean that the circles of
solutions are 6000 cycles.
a)Deflection (U,), velocity (V;), and

acceleration (a;) for joints against

time (t)
Dynamic response vibrate about an
average value and the amplitude is
decreased if the location of the joint far
away from the center. From Fig. (22) the
dynamic responses for groups No.(1,and 2)
joints are very close.
Note :J;112 lies above Ja7;
b) Final tension in members (Ft) against
time (t) Fig.(23)
Dynamic final tension vibrate up and
down, the amplitude of vibration increases
for the members near the roof center on the
contrary of the static analysis the value of
tension in members that lie on the same
cable increase when going far away from
the center and toward the roof edge[5] as
M54 Flg5(24 t025).
¢) Normal force (N.F), shear force
(S.F),and bending moment (B.M) for
column base joints against time (t)
Fig.(27,and28)
Dynamic normal force, shear force, and
bending moment for column base joints
vibrate up and down and increase very
quickly in very small time but it indicated

10 TY va
7.5 8 —
s i
2.5 I
0 r ]
0.380 0.420 0.460 0.500
f(C.P.S)

Fig.21: Variation of (a) with (f)

that at the end of time analysis the dynamic

response is going to be regular.

4.3 Statistic analysis

In order to judgment on the dynamic

responses some of the statistic functions as

mean, variance, and standard deviation are
recorded for J37 tables (4,to 6) and CB)72,

table (7) .

5. CONCLUSIONS

The results showed that the following

conclusions are:

1. Increasing sag/span ratio decreases the
net deflections, required steel area and
the natural frequencies.

2. Increasing the initial tension increase
the final tension in cables, natural
frequencies and decreases the deflection
. For group No.(1) members the value
of final tension is bigger than the value
of initial tension on the contrary group
No.(2) members .From comparison
between with and without diagonal
element it concluded that for group No.
(1) members final tensions in the net
with diagonals are bigger than the net
without diagonals ,on the contrary
group No. (2) members. And it
concluded also that the net which
included diagonal elements has a
displacement less than the net which
hasn’t. Initial tension has a negligible
effect comparing with increasing the
steel area upon the relative final forces

C.4
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in cables. This means that the steel area
is the decisive in carrying the applying
loads but increasing the pretension of
the suspension cables is economic and
efficient way for decreasing the
deflection comparing with the cost of
increasing steel area of cable.

. Increasing the steel area decreases the
deflection.

. Increasing inclination of stayed cable
elements with horizontal (0,) decreasing
normal force in columns and deflection
in cable net joints. Bending moments in
columns are also decreased but for
columns, which exposed to wind
pressure but columns which exposed to
wind suction the bending is increased.

. Increasing inclination angle of columns
with vertical (8;) decreasing deflection
in cable net joints, normal force and

Time (Sec)

M. Naguib Abo El-Saad, Salah El Din El Bagalaty and Ahmed Abd Elaziz.

bending moment in columns and
increased final tension in cables ,for
same initial tension, area steel and
sag/spc 1 ratio.

. Increasing the applying uniformly
distributed loads decreases the natural
frequencies.

. Increasing the spacing between cable

elements  decreases the  natural
frequencies.

. For time domain analysis it seems that

at the beginning of time analysis the
dynamic U, ,V,, a;, Ft , NF, §.F, and
B.M vibrate up and down and increase
very quickly in very small time but it
indicated that at the end of time analysis
the dynamic response is going to be
regular.

J 371

Time (Sec)

Tine (Sec)

az {misec)

Fig.22: Variation of dynamic response for J371 ,and ;3
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Fig.23: Variation of dynamic final tensions for M4s2, Misz; , My34 , Mysss
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M 1054

Time (Sec) ' Tinte (Seq)
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Fig.27: Variation of dynamic N.F, S.F, and B.M
for CB 1722 ,and Cans
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Fig.28: Variation of dynamic N.F, S8.F, and B.M
for CB 123 ,and CB 1461

Tahte 4: Iﬁsplacemgnts at Tahle 5: Velecities at
joiit Ne. (371) jeint No. (375
-y e BT / Joint |V My d,

velocities |

| 0.0007 | 5.52E-05 | -0.8134

1.5E-07 | 0.0090

0.0018 | 1.80E-05 | 3.12815

r| 0.0006 | 0.0003 | 00953

in| 0.0432 |0.0042 | 1.76865

Table 6: Accelerations at Table 7: Normal force, shear force,
joint Ne. (371) and bending moment at

C.BNo. {1722)

Joint acc. By Column straining {ui N
Zwig| | actions [

“Me; 4 -24.040 | -1.020 | 0.405
1 6.941 Q0107 | 0.452

] 2.634 ‘Lum 0.672
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7. LIST OF SYMBOLS

The following is a list of the most

important symbols that appear in the paper:

L=Length of longitudinal rectangular net.

B=Width of rectangular net.

d=Diameter of cable

Ji=Joint number.

Mi=Member number.

Cgi=Column base joint.

a= Spacing between cable elements

8 =Inclination of stayed cable elements

with horizontal.

8 5= Inclination of columns with vertical

&= Deflection in Z direction.

1t=(sag/span) ratio.

Tor=(lnitial tension / Breaking load) for
cables (KN).

D.E =Diagonal element.

Ft=Final tension.

N.F=Normal force.

S.F=Shear Force.



