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Structural Design of Ultra High-Strength Concrete Non-Uniform Truss
Using Strut-Tie Approach
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Abstract

In current research, it was attempted a preliminary design and evaluation of non-uniform ultra high-strength concrete
(UHSC) truss members. UHSC used here has the compressive strength of 180 MPa, the tensile strength of 8 to 20 MPa,
and the tensile strain after cracks up to 2%. By the three-dimensional finite element stress analysis as well as strut-tie
approach on concrete solid beams, the non-uniform truss shape of UHSC truss was designed with the architectural esthetic
concept. In a series of examples, to compare with conventional concrete members, the proposed UHSC truss members have
advantages in capabilities of the slender design with minimum weight with high performances under transverse loadings as
well as the aesthetically non-uniform design for spatial structures.

Keywords : Concrete truss structures, Non-uniform design, Ultra high-strength concrete, Strut-tie model
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(Fig. 2) Flexure of reinforced UHPC beam
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(Table 1) Strut coefficient, f,

Strut geometry and Reinforcement

location crossing a strut A
Struts with uniform
cross-sectional area along N.A. 1.0
length
Satisfying 0.75

Bottle-shape strut T
Not satisfying ~ 0.6A

Struts located in tension

members or the sention N.A. 04
zones of members
All other cases N.A 0.6
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(Table 2) Date of specimens

Specimen Section size Design strength of
t (B*B*H)(mm) concrete(MPa)
RC1 700 %1,400 30
UHPC1 700 <200 X1,400 180
UHPC2 600 X200 X800

(Table 3) Analysis of RC/UHPC1A,B

Neutral OM OV, oV
Specimen  axis " (CHF) "
RC1 280.01 4,392 540 943

UHPC1 7291 5,512 6,047 6,614
UHPC2 91.31 3,050 2,700 3,021

C+F*: Design shear strength without stirrup
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(a) Non-uniform space truss members l compression

23035 -51250 78144 99687 11,7693  -11,7693 23740 27255 32796 34269 32935

23033 51250 78144 99687 117775 117696 414 16067 17321 19800 21745

(b) Member forces from strut-tie analysis

(Fig. 11) Strut-tie modeling of UHPC beam
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(Table 4) Effective width predicted from strut-tie analysis(mm)

U RC2  TUHP L RC2  TUHP D RC2  TUHP \Y RC2  TUHP
(kN) w wy (KN) w wy [(KN) w wy (kN) w; w

23935 3067 579 51250 6568 1241 | -32935 4221 80.0 21745 2787 526
51246 6567 1240 | 78144 10015 1892 | -34269 4392 83.0 19800 2538 479
-78150 10015 1892 | 99687 12775 2413 | 32796 4203 794 17521 2245 424
99687 12775 2413 | 11,7775 15087 2851 | -27255 3493 66.0 16067 2059 389
-11,7693 15083 2849 | 11,7696 15083 2849 | -23740 3042 575 414 56.6 10.7

U: Upper chord force, L: Lower chord force, D: Diagonal member force, V: Vertical member force, w,: Effective width
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