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Development on Ultra-high Performance Concretein Building Sructures

FAN Jiansheng™?, DING Ran*?
(1. Department of Civil Engineering, Tsinghua University, Beijing 10084, Ching; 2. Key Laboratory of Civil Engineering Safety and
Durability of China Education Ministry, Tsinghua University, Beijing 100084, China)

Abstract: The ultra-high performance concrete materials (UHPC) are developed rapidly and are widely used in bridge engineering
and other fields. The corresponding advantages involve the reducing dead weight, simplifying reinforcement details, shortening
construction period, and improving durability. The comprehensive economic and technical benefits are achieved. This review
represented recent development on the UHPC building structures. The characteristics of UHPC structure and the current engineering
application were summarized, and the basic design principles and methods were analyzed. Recent studies on the UHPC building
structural components and joints were introduced, including lightweight thermal insulation sandwich roof panels, sandwich floor/wall
panel-based prefabricated structures, two-way waffle slabs, post-poured beam-column joint in precast reinforced concrete frame,
prefabricated frames based on the UHPC connections, etc.. Some methods and benefits of UHPC application in building structures
were concluded. In addition, the future research aspects of UHPC building structure were also given to promote the application of
UHPC in building structure and improve its comprehensive performance and quality.

Keywords: ultra-high performance concrete materials building structure; sandwich panel; waffle dab; connection in precast
structures; no or less reinforcement
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o IS compressive stress; &is compressive strain; fyc and f; are design value
of axial compressive strength of UHPC and C80 concrete; Ey and E. are
lastic modulus of UHPC and C80 concrete; sy and &y are peak
compressive strain of UHPC and C80 concrete; &y, and &, are ultimate
compressive strain of UHPC and C80 concrete.
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Fig. 3 Comparison of uniaxial compressive constitutive
relations between UHPC and C80 concrete
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(b) UHPC tensile hardening

aiistensile stress; ¢ is tensile strain; w; is crack width; f; is design value of
axial tensile strength of C80 concrete; &y is peak tensile strain of C80
concrete; &, is ultimate tensile strain of C80 concrete; fue and guie are
cracking tensile strength and strain of UHPC; fu, is design value of axia
tensile strength of UHPC; &y, is ultimate tensile strain of UHPC; fy is
characteristic tensile stress in descending branch; w is characteristic
crack width in descending branch; wi, is crack width when tensile stress
drops to zero.

Kl 4 UHPC 5 C80 Jid it 1 #uhy 52 i A H Xt H
Fig. 4 Comparison of uniaxial tensile constitutive relation
between UHPC and C80 concrete
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(a) Edge UHPC reaches the ultimate tensile strain

(b) Steel bar yields and the edge UHPC reaches the ultimate compressive
strain

h and b are height and width of section; As is section area of tensile
reinforcement; oyc is compressive stress of UHPC; &y and ayc are
compressive strain and tensile strain of UHPC; x is compressive zone
height of UHPC; & and fs are tensile strain and stress of reinforcement; T
is tensile force of steel rebar; o and £ are equivalent rectangular stress
graph coefficient; e is tensile strain of UHPC; fy, and &, are yield stress
and strain of reinforcement.

K5 UHPC & MfFitHTER R
Fig. 5 Schematic diagram of calculation method of UHPC
flexural member
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Fig. 8 UHPC sandwich slab—wall construction drawing
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Fig. 9 Mid-span load—deflection curves of the UHPC sandwich
slab
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Fig. 10 Load-displacement curves at the loading point of the
UHPC sandwich wall panel
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Note: unit is millimeter.

(b) Front view size of substructure specimen (mm)

(c) Load-displacement curves at the top of specimen
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Fig. 11 Seismic performance test of UHPC substructure
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(a) Four-sided simply supported loading pattern

(b) Mid-span load-deflection curve
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Fig. 12 Satic loading test of UHPC waffle slab
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Fig. 13 UHPC beam-column joint specimen in prefabricated
RC frame
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