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Basic Experiment and Considerations on Hybrid Parabola Truss Mechanism

SEENT TEETT BXIHIETT SHET
By Norikazu YOSHIZAWA, Kei MIYAZAWA, Isao SHIMIZU and Kaoru YOSHIKAWA

Static characteristics and control effect of a hybrid parabola truss structure
are examined by indoor model experiment. Upper nodal points of the trussed
frame are arranged on a parabolic curve. A cable used for static control of
the structure is installed through the upper chord members. When the cable
is stressed, uplift force is generated at the nodal points by induced cable
tension. By this uplift mechanism, nodal deflection and member force of the
trussed frame can be controlled. The control mechanism of this structure has
been found by basic numerical analysis. Under various loading conditions of
the experiment, this paper clearly verifies the interaction between the cable
and trussed frame.
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Original Configuration Reinforcement by Column and Cable

(a) Reinforcement of 01d Bridge
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Simple Type Complex Type
(b) Stiffening of Warren Truss

(c) V-Truss System Applied to Single Span Bridge

Single Span Type

Three Span Type

(d) Parabola Truss System Applied to Bridge Structures

Building Side Support Type

(e) Parabola Truss System Applied to Roof Structures under Heavy Snow Load

Fig.1 Various Types of Hybrid Truss System Equipped with Control Cable or Tendon
(Solid Line = Truss Member Dotted Line = Cable or Tendon)
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Table 1 Coordinates of Truss Nodal Points Table 2 Effective Length of Truss Members

([1]:origin, x:horizontal,z:vertical axes) for Numerical Analysis  (mm)

~ No. X(mm) | z(om) | No. | x(mm) | z(mm) e UZ 3 :
: [1] 0.0 0.0 [2] -2.0| 798.3 700 710| 700| 700] 710 700
31| 834.5 | -0.6 | [4]| 842.0] 579.6 TEETEETEEvEETE
[5] 1663.9 -0.8 [6] | 1672.4 | 447.0 onal 985 | 845 | 770 | 770 845 985
71| 24975 | -1.6 | 8] |2505.9] 399.3 bower V11 f 2 {18l 4R 8
[9] 3331.0 0.2 [10] | 3336.4 | 446.0 chord 685 | 700| 700| 700| 700| 685
[11] | 4162.9 | 2.7 | [12] | 4165.8| 581.2 - [l a6 wlsl
[13] 4997.4 5.2 [14] | 4997.4 | 805.2 440 l 310 270| 310 400
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Fig.5 Load Cell and
Cable End Device

Fig.4 Entire Photograph of Parabola Truss Experiment stress
2000F(kgf./cm?)

load cell

]——1500 TH—beam2320 —| 1500—-]
] ' ]

EIBWT Wyl aLle

cable end
device 1000f

ZOOE—’

800-={=-80 OﬁT
¥ T

hannel:
—angle: . A=38.65cm? X2 stress range
—channel A=21.lcm*X2 [l—angle 1=2490cm* X2 of experiment
I=161.4cm* X2
| — N
T ol 1 2 3 4 5
[ H-beam:A=119.8cm* L : -3
5320 [=20400cm (unit of length:mm) X skrakn (XTO )
> Fig.7 Stress-Strain
Diagram of Truss Member
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Table 3 Procedure of Parabola Truss Experiment under Cable Stressing and Nodal Loading

,Nd;f.g?%eki;}~nodal vertical load (kgf) o gg?%e cal
kB | a1 [ 7] (91 0[] (kaf 2 ) L Ll
D1 (0 0.0 0.0 0.0 0.0 0.0 }@ [980]| 162.4 162.5 162.5 162.6 162.6
@ | (100) 0.0 6.0 0.0 0.0 0.0 [974] | 141.1 141.2 141.2 141.3 141.3
@ | (400) 6.0 0.0 00 0.0 0.0 [968] | 119.8 119.9 119.9 120.0 120.0
@ | (500) 0.0 0.0 0.0 0.0 0.0 [962] 98.5 98.6 98.6 98.7 98.7
[525] 54.3 54.4 54.4 54.5 54.5 @ | (800) 98.5 98.6 98.6 98.7 98.7
® | [540] 98.5 98.6 98.6 98.7 98.7 ® | (500) 98.5 98.6 98.6 98.7 98.7
® | (700) 98.5 98.6 98.6 98.7 98.7 | {533} 54.3 54.4 54.4 54.5 54,5
{900) 98.5 98.6 98.6 98.7 98.7 @ | (400) 54.3 54.4 54.4 54.5 54.5
@ | {965} 98.5 98.6 98.6 98.7 98.7 ®1 (100) 54.3 54.4 b54.4 b54.5 5H4.5
: [971] | 119.8 119.9 119.9 120.0 120.0 @ (0 54.3 54.4 54.4 54.5 b54.5
[974] | 141.1 141.2 141.2 141.3 141.3 ®| (0 37.9 38.0 38.0 38.1 38.1

Notes: In this table, several notes are given as follows:

1) The symbols @, @, @, -+ correspond with those shown in Fig.8.

2) The cable force indicates averaged value of forces measured by load cells attached to

both ends of the cable (see Fig.5).

3) The nodal vertical loads applied to lower panel points are not rigorously uniform.

4) There are three states of the cable force. They are classified by (), [ ],{ } as follows:
(700) : Cable tension generated by operation of the cable end stressing device (see Fig.5).
[525]: Under the latest cable stressing condition(in this case,@:500kgf), nodal loads are
applied. Consequently, the cable force rises. [525] is the cable force after the loading.
{965}: Under the given nodal loading condition, the cable force is controlled until the
deflection of the nodal point [7] vanishes. {965} is the cable force measured at that time.
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Table 4 Left and Right End Force of Cable Stressed Unilaterally (unit of tension: kgf)
T. = cable tension at the left end Tr = cable tension at the right end

R To 101 200 300 401 501 601 501 402 302 201 101
Stressing

La%t t%ed Tr 97 190 286 382 475 559 531 431 324 215 108
Le 1
[ Te/T. [ 0.96 0.95 0.95 0.95 0.95 0.93 1.06 1.07 1.67 1.07 1.08
S . To o 93 185 278 376 459 964 530 425 320 214 106
~Stressing 1
"RathttEed Tx 102 200 300 401 500 599 501 401 300 201 101

ig n
G T./Tz [0.91 0.93 0.93 0.94 0.92 0.94 1.06 1.06 1.07 1.06 1.05
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Fig.11 Discrepancy of Truss Member Force between Incremental and Decremental Stages of

Cable Stressing, and Comparison with Analytical Result
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Fig.12 Static Behavior of Pre-Stressed Hybrid

Parabola Truss Subjected to Moving Load
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Table 5

Left-Half Part of Apparatus ([1] = lower support,
(dX = horizontal displacement [(+): rightward], dZ = vertical displacement [(+):

Nodal Displacement (mm) of Experimental Frame Under the Heaviest Loading Condition

[2] = upper support of the truss frame)
upward])

o FNe. ax dz No. dX  dZ No. dX dZ | No. . ‘
upper node | [2] 0.031 -0.005 | [4] -0.077 -0.385 | [6] -0.030 -0.861 | [8] 0.000 -1.010
‘lower node| [1] 0.016 -0.005 | [3] -0.084 -0.392 | [5] -0.091 -0.877 | [7] 0.000 -1.032
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