
Quantification of bond performance of 18-mm prestressing steel

Canh N. Dang a,b,⇑, W. Micah Hale c, J.R. Martí-Vargas d

aDepartment for Management of Science and Technology Development, Ton Duc Thang University, Ho Chi Minh City, Viet Nam
b Faculty of Civil Engineering, Ton Duc Thang University, Ho Chi Minh City, Viet Nam
cUniversity of Arkansas, Department of Civil Engineering, 4190 Bell Engineering Center, Fayetteville, AR 72701, USA
d Institute of Concrete Science and Technology (ICITECH), Universitat Politècnica de València, 4G, Camino de Vera s/n, 46022 Valencia, Spain

h i g h l i g h t s

� A complete testing program is conducted to evaluate the bond performance of 18-mm prestressing strand.
� The bond performance of untensioned prestressing strands is examined using Standard Test for Strand Bond (STSB).
� Transfer and development lengths are measured for 12 pretensioned concrete beams.
� The bonding equations in the current design codes are applicable for predicting transfer and development lengths.
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a b s t r a c t

The use of 18-mm prestressing strands has extensive advantages in building and bridge construction.
Strand bond is a critical factor that constitutes the strand behavior in pretensioned concrete girders
and directly affects the applicability of existing bonding equations. This study systematically examines
the bond performance of 18-mm strands. The bond strength of untensioned strands was evaluated using
simple bond tests. Twelve pretensioned concrete beams were additionally cast using self-consolidating
concrete to assess the bond-related parameters of transfer and development lengths. The experimental
results indicate the bond performance of 18-mm strands complies with the current design codes of pre-
tensioned concrete members.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The purpose of this experimental research program was to
examine the bond characteristics of 18-mm, Grade 1860, prestress-
ing strands, using different design codes. The scope was limited to
verifying the surface conditions of untensioned strand specimens
using simple bond tests, and measuring transfer and development
lengths of 12 pretensioned concrete beams cast with self-
consolidating concrete (SCC). The measured data were used to ver-
ify the applicability of the American Concrete Institute Committee
318 (ACI 318-14) [1], American Association of State Highway and
Transportation Officials – Load and Resistance Factor Design –
Bridge Design Specifications (AASHTO) [2], Model Code 2010 Spec-
ifications (MC-2010) [3], and Eurocode 2 (EC-2) [4] in predicting

the transfer and development lengths of 18-mm prestressing
strands.

Mechanical properties and bond performance of prestressing
strands are significant for the design of pretensioned concrete
members. The mechanical properties govern the load-carrying
ability while the bond performance is critical to ensure the strands
and the concrete can work as a composite material [5,6]. The
American Society for Testing and Materials (ASTM) A416 [7] iden-
tifies that a 18-mm strand has a cross-sectional area of 190 mm2, a
minimum yield strength of 1675 MPa, an ultimate strength of
1860 MPa, and a minimum elongation of 3.5%. These requirements
were validated for a number of strand specimens collected from
different strand manufacturers [8]. However, there are no official
specifications to evaluate the bond performance of 18-mm pre-
stressing strands. The current code equations are applicable for
strand diameters up to 15-mm prestressing strands.

Strand bond is the shearing stress at the interface between the
strand and the surrounding concrete [9]. When the prestressing
strand is in tension, it tends to move in the same direction with

https://doi.org/10.1016/j.conbuildmat.2017.10.131
0950-0618/� 2017 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Department for Management of Science and Tech-
nology Development, Ton Duc Thang University, Ho Chi Minh City, Viet Nam;
Faculty of Civil Engineering, Ton Duc Thang University, Ho Chi Minh City, Viet Nam.

E-mail address: canhdang@tdt.edu.vn (C.N. Dang).

Construction and Building Materials 159 (2018) 451–462

Contents lists available at ScienceDirect

Construction and Building Materials

journal homepage: www.elsevier .com/locate /conbui ldmat

http://crossmark.crossref.org/dialog/?doi=10.1016/j.conbuildmat.2017.10.131&domain=pdf
https://doi.org/10.1016/j.conbuildmat.2017.10.131
mailto:canhdang@tdt.edu.vn
https://doi.org/10.1016/j.conbuildmat.2017.10.131
http://www.sciencedirect.com/science/journal/09500618
http://www.elsevier.com/locate/conbuildmat


the applied force. If the strand bond is inadequate to prevent the
movement, a premature failure tends to occur prior to preten-
sioned concrete members achieve the nominal flexural resistance.
In design, structural engineers generally assume that the bond per-
formance of prestressing strands is adequate, and bond-related
parameters of transfer length and development length can be pre-
dicted using bonding equations specified by the codes as presented
in the following sections. Therefore, the quantification of bond per-
formance of 18-mm strands is a vital task before this type of
strands is widely used in construction.

2. Literature review

2.1. Bonding equations

The current codes use different equations to quantify the trans-
fer and development lengths of 15.2-mm and 12.7-mm strands.
Transfer length is the required length for transferring the prestress
in the strands to the concrete. Development length is the required
length at which the concrete member achieves the nominal flexu-
ral resistance. According to the ACI 318-14 [1], the development
length can be estimated using Eq. (1). In this equation, the first
and second terms represent transfer length and flexural-bond
length, respectively. ACI 318-14 alternatively proposes a simple
transfer length equation of 50db (where db is the strand diameter).
AASHTO [2] proposes a transfer length of 60db, and the AASHTO
development-length equation is identical to the ACI 318-14 equa-
tion for pretensioned concrete members having a depth less than
610 mm.

Ld ¼ f sedb

20:7
þ ðf ps � f seÞdb

6:9
ðf se and f ps in MPaÞ ð1Þ

where Ld is development length; db is the strand diameter; fse is the
effective stress in the prestressing strand after losses; fps is the aver-
age stress in prestressing strand at the time for which the nominal
flexural resistance of a pretensioned concrete member is required.

In the EC-2 [4] and MC-2010 [3] specifications, the terms of
transmission and anchorage lengths are used to define transfer
and development lengths, respectively. The estimation of these
parameters, however, is slightly different between the EC-2 and
MC-2010 with the ACI 318-14 and AASHTO [16,17]. First, the EC-
2 and MC-2010 propose the lower and upper bounds of transmis-
sion length to examine concrete stresses at prestress transfer and
compute shear strength and flexural resistance, respectively. The
ACI 318-14 and AASHTO equations are used as the upper bound
of the transfer length. Second, the EC-2 and MC-2010 consider
the effects of the strand bond conditions, release techniques, and
concrete tensile strength on the transmission and anchorage

lengths. This consideration can increase the accuracy in predicting
these parameters.

According to the EC-2 [4] specifications, an average transmis-
sion length can be estimated using Eq. (2) with an assumption of
a constant bond strength shown in Eq. (3). For 7-wire strands,
the bond strength is a function of strand bond conditions and con-
crete tensile strength. For the ACI 318-14, the bond strength was
assumed to be a constant of 2.76 MPa. In EC-2, two multipliers of
0.8 and 1.2 are used to compute the lower and upper bounds of
transmission length, respectively. The lower bound is used for
checking concrete stresses at release. The upper bound accounts
for the increase of transmission length over time, which is depen-
dent upon concrete properties, environmental conditions, or con-
struction practices. The anchorage-length equation shown in Eq.
(4) is computed based on the upper bound of transmission length
and the assumption of a constant bond strength in the flexural
bond zone as shown in Eq. (5).

Lt ¼ a1a2db
rpi

f bpt
ð2Þ

f bpt ¼ gp1g1f ctd;R ð3Þ

Ld ¼ 1:2Lt þ ða2dbÞ rpd � rpe

f bpd

 !
ð4Þ

f bpd ¼ gp2g1f ctd;S ð5Þ
where Lt is transmission length; db is the strand diameter; a1 con-
siders the release techniques (1.0 for gradual release, 1.25 for sud-
den release); a2 is a strand area factor (0.25 for strands with circular
cross section, 0.19 for 7-wire strands); rpi is the strand stress just
after release; fbpt is the design bond strength within the transfer
zone at prestress transfer; gp1 considers the type of prestressing
strand and bond situation in the transfer zone (2.7 for intended
wires, 3.2 for 7-wire strands); g1 considers the strand bond condi-
tions (1.0 for good bond conditions [EC-2, Article 8.4.2], 0.7 other-
wise); fctd,R is the design concrete tensile strength at prestress
transfer; fctd,S is the design concrete tensile strength at 28 day of
age; rpd is the strand stress under design load, which is equivalent
to fps in the ACI 318-14 equation (see Eq. (1)); rpe is the effective
strand stress, which is equivalent to fse in the ACI 318-14 equation
(see Eq. (1)); fbpd is the bond strength in the flexural bond zone at
the ultimate limit state; gp2 is a coefficient accounting for the type
of prestressing strand and bond situation in the flexural bond zone
(1.4 for intended wires, 1.2 for 7-wire strands); fctd is the design
concrete tensile strength at 28 days of age.

The MC-2010 [3] specifications are basically similar to the EC-2,
but the multipliers used to estimate the lower and upper bounds of
transmission length are slightly different. MC-2010 provides a

Nomenclature

Asp cross-sectional area of prestressing strand
Ep modulus of elasticity of prestressing strand
Ect modulus of elasticity of concrete at release
Lt transfer length or transmission length
Ld development length
lbpt,0.05 lower bound of transmission length
lbpt,0.95 upper bound of transmission length
lbp basic anchorage length
ap1 coefficient considering the type of release
db nominal strand diameter
fse effective prestress after losses

fps average prestress at the time for which the nominal
flexural resistance of a pretensioned concrete member
is required

fbpd design bond strength
fctd lower design concrete tensile strength
fctm concrete tensile strength at release
fptd design strand strength
fcki concrete compressive strength at release
fck concrete compressive strength at 28 days of age
fpj jacking stress
rpi strand stress just after release
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