
Transfer Length of 
Prestressing Strand as a Function 
of Draw-In and Initial Prestress 

Gyorgy L. Balazs, Ph.D. 
Senior Lecturer 
Department of Reinforced Concrete 

Structures 
Budapest University of Technology 
Budapest, Hungary 

Gyorgy L. Balazs is a senior lecturer in the Department of 
Reinforced Concrete Structures, Budapest University of 
Technology. Currently, Dr. Balazs is a research associate 
at the University of Stuttgart in Germany. His main fields of 
research are the bond behavior of reinforcing bars and 
prestressing tendons and the cracking behavior of rein­
forced concrete members. He is the author of several 
papers and research reports. Dr. Balazs is a member of the 
Comite Euro-lnternational du Beton (CEB) task groups on 
anchorage zones, serviceability models and commission on 
material and behavior modeling. 

86 

Guyon's formula expresses the transfer 
length of a prestressing tendon as a function 
of both the initial prestress and the draw-in. A 
modification of Guyon's formula is proposed 
which can take into account not only constant 
and linear behavior but also any nonlinear 
bond stress distribution over the transfer 
length. Two other nonlinear equations based 
on a nonlinear bond stress-slip behavior are 
also developed. These equations provide 
alternative methods for calculating the 
transfer length of prestressing strand. 

T
he end block behavior of precast, prestressed con­
crete members is determined mainly by the transfer 
of prestress. The length over which the effective pre­

stress is developed by bond stresses is called the "transfer 
length." The bond stresses over the interactional surface are 
induced by the slip of the tendon and the concrete cross sec­
tions. The largest slip observed at the free end of the trans­
fer length is called the "draw-in." 

It is shown herein that the combination of some previous 
equations1 enables the transfer length to be expressed as a 
function of the prestress and the draw-in. The derived equa­
tions are compared to Guyon ' s classic formula,2 which was 
developed in the 1940s for the same purpose. 

Guyon assumed that the transfer length of prestressing 
steel is linearly proportional to the draw-in (S) and inversely 
proportional to the initial tendon strain (t:s;): 

(1) 
The a coefficient takes into account the assumed shape of 

the bond stress distribution. 
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Fig. 1. Calculation of coefficients in Guyon's transfer length formula. 

The draw-in can be calculated as: 

(2) 

In the case of constant bond stress distribution, both the 
tendon and concrete strains are linear [see Fig. 1(a)]. Hence: 

S = e5;f_1 I 2 

where a = 2. In the case of linear bond stress distribution, 
both strains are parabolic [see Fig. 1(b)]. Therefore: 

where a= 3. 

Polish researchers3 obtained a= 2.86 from test results and 
den Uijl4 obtained a= 2.46 by experimental and theoretical 
studies on hollow-core slabs prestressed by seven-wire 
strands. 

The disadvantage of Eq. ( 1) is that an initial assumption is 
made about the bond stress distribution although it is a func­
tion of the slip distribution. Also, only two extreme values 
of the bond stress distribution (hence that of the transfer 
length) are considered. 

The proposed equations intend to compensate for the in­
completeness of Eq. (1) by deriving the bond stresses from 
the slips. The derived equations are available for any tendon 
types; however, the examples in this paper are applied only 
to Yz in. (12.8 mm) seven-wire strands. 

The ACI provisions5
•
6 for the development length of pre­

stressing strand implicitly include the transfer length (based 
on tests by Hanson and Kaar7

) as a function of the effective 
prestress Use) and the nominal tendon diameter(~). Substi­
tuting SI units: 

£ =fsed 
t 21 b 

(3) 

When using inch-pound units, the denominator is 3 ksi 
rather than 21 MPa. 

March-April 1993 

MODIFICATION OF 
GUYON'S FORMULA 

The solution of the mathematical model of prestress trans­
fer' enables the determination of the transfer length, the 
draw-in and the prestress. These equations are based on a 
nonlinear bond stress-slip relationship (for the mean value 
of the bond stresses): 

(4) 

where c and b are experimental constants assumed' to be 
c = 2.055 MPa"2 (0.783 ksi"2

) and b = 0.25 for Yz in. 
(12.8 mm) seven-wire strands. 

The transfer length of a prestressing tendon can be ex­
pressed as a function of the initial prestress by: 

(5) 

where e = dj; 1C I ( 4 Aps) in which e = 1.287 for Yz in. ( 12.8 
mm) seven-wire strands and the coefficient 1( is a constant 
for a given problem. [See its parametrical value in Appendix 
B by Eq. (b).] 

Substituting the coefficient IC, Eq. (5) yields: 

The draw-in can be expressed as a function of the initial 
prestress:' 

(7) 

Dividing Eq. (6) by Eq. (7), one obtains: 

87 



c 
I 

3: 
0 
'-­
"0 

-o .lt/S 
c 
0 

..c ...... 

600 

~= 
.................... 

2 _it_ 
1-b ~ tsi 

01 
c 
(]) 

b = 1/3 

b = 1/4 
........ __ 

"" -----Seven -
-wire 

'--
(]) 

4-- b= 0 
(/) 

c 
0 

400 -..__ strand ---'-­..... 

4--

0 

0 

----
200 

0 
0:: 

150 175 fsi, ksi 

1000 1100 1200 f . 1 tv1 Po 
Sl 

Initial prestress 

Fig. 2. Ratio of transfer length to draw-in vs. initial prestress and power of bond stress-slip relationship. 

~=_2_EP 
S 1- b fsi 

(8) 

This equation gives a relationship between the transfer 
length, the draw-in and the initial prestress. For practical 
cases, Eq. (8) provides values between 320 and 600 (see 
Fig. 2). Substituting b = 0.25, EP = 195000 MPa (28280 ksi) 
and fsi = 1200 MPa (174 ksi) for ~ in. seven-wire strands: 
£1 /S = 433. A decrease in the prestress produces a hyper­
bolic increase in the i! 1 IS ratio. 

Expressing the transfer length from Eq. (8): 

i! __ 2 _ __§___ ,-
1- b Esi 

(9) 

which is essentially Eq. (1) with a different coefficient, 
2/(1 -b) (rather than a= 2 or a= 3), which can take into 
consideration the shape of the bond stress distribution. 

The coefficient b is the power of the bond stress-slip rela­
tionship given by Eq. (4). If b = YJ, the bond stress distribu­
tion is linear' and the coefficient is 3. If b tends to be zero, 
the bond stress distribution becomes constant and the coeffi­
cient is 2, as proposed by Eq. (1). 

Conspicuous in Eqs. (8) and (9) are that the variables f;;, 
db, e and care removed by the division of Eqs. (6) and (7). 
This implies that the concrete strength, the tendon diameter 
and the coefficient c of the bond stress-slip relationship are 
automatically included in these equations. The reason for 
this is that both the transfer length and the draw-in are de­
fined by the same bond stress distribution. 
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NONLINEAR APPROACHES 
The following two nonlinear equations are developed 

from the formulas of prestress transfer.' The transfer length 
can be expressed as a function of the draw-in:' 

1-b 

£1 ( 1 s 1 2 

db = /(db) 
(10) 

Since both Eqs. (5) and (10) contain the constant 1(, I( can 
be eliminated to obtain: 

(1+b)d (l+b) 
i! - b 

1
- (1+npP)4(1-b)E>c (11) 

The dimensionless form of Eq. (11) is given by Eq. (e) of 
Appendix B. Assuming b = 0.25, c = 2.055 MPa"2 (0.783 
ksi"2

), e = 1.287 and npp = 0.1 for ~ in. (12.8 mrn) seven­
wire strands, the following equation can be derived: 

(12) 

Substituting inch-pound units into Eq. (12), the coeffi­
cient is 0.158 ksi '12 in. 514 

Using the effective prestress rather than the initial pre­
stress, the term 1 + npP in the denominator of Eq. ( 5) is 1. 
The transfer length is obtained as above: 

(1+b)d(l+b) f 
£ = ~----··--b _ __ se_ 

' 4(1-b)E>c ,;t;;sb (13) 

For ~in. (12.8 mm) seven-wire strands, the equation 
becomes: 
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Table 1. Comparison of Guyon and proposed nonlinear equations. EXAMPLES AND 
COMPARISONS 

I Equation 
!,, = 1200 MPa I !,, = 1000 MPa ! 

e,, = 0.00615 e,, = 0.00516 
Equation I number S= 1.42mm S= 1.049mm 

I 

R =2__S_ i Eq.(l) 462 I 406 
t Csi 

I 

R =347~ ! 
Eq. (12) 604 i 542 ' · \f;.,s 

I 
---- -· ~ -

R - _!_!l_ 
So.6zs i 
--o.-4 Eq. (17) 609 ! 541 

t - /cf0.15 
fsi 

I 

s 
R, = 3 e,, Eq. (1) 692 610 

Note: db= 12.8 mm (~in.), Aps = 100 mm' (0.155 in.') and EP = 195,000 MPa (28280 ksi). 
Metric (SI) conversion factors: 1 mm = 0.0394 in.; 1 MPa = 145 psi. 

(14) 

Substituting inch-pound units into Eq. (14), the coeffi­
cient is 0.174 ksi 112 in. 514 

It might be surprising to know that in Eqs. (11) to (14), 
the variables fsi or fse and S are included in an inverse posi­
tion compared to Eq. (1). The correctness of these equations 
is verified by substituting into Eq. (7) a previously devel­
oped' fsi vs. S equation: 

..!. 1+b 

. = [ 8cEA 1 + npP )817[; ] 2 (-§___J2 (l5) 
fs, l+b d 

b 

which results in an £1 I db vs. S equation' [see Eq. (f) of 
Appendix B]. 

It is also possible to invert the position of the variables fsi 
or fse and S of Eqs. (11) to (14) by substituting Eq. (15) into 
the numerator of Eq. (11) and Eq. (7) into the denominator 
ofEq. (11): 

l+b 

s 2 

1-b 2b 

+ 4(I+b l e t+b 
Jcz sz 

(16) 

The dimensionless form of Eq. (16) is given by Eq. (g) of 
Appendix B. For Y2 in. (12.8 mm) seven-wire strands, it 
yields: 

(17) 

Substituting inch-pound units into Eq. (17), the coeffi­
cient is 24.7 ksi" 15 in. o.m 

Using the effective prestress rather than the initial 
prestress: 

c = 107 so.625 1 ( "'o.15eo.4) 
t Jcz se (18) 

Substituting inch-pound units into Eq. (18), the coeffi­
cient is 23.8 ksi0

·
15 in. 0375 

The correctness of Eqs. (16) and (17) is verified by equating 
Eqs. (16) and (11). The derived formula is simply Eq. (15). 
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In the following, some calculation 
results are numerically or graphically 
presented comparing Eqs. (12) and 
(17) to Eq. (1). The comparison is 
performed for Y2 in. (12.8 mm) seven­
wire strands: Aps = 100 mm2 (0.155 
in. 2

), e = 1.287, EP = 195000 MPa 
(28280 ksi1 npP = 0.1 and fdi = 40 MPa 
(5.8 ksi). 

Considering compatible values such 
as .fsi = 1200 MPa (174 ksi), i.e., esi = 
6.15 x 10-3 and S = 1.42 mm (0.056 
in.) obtained by tests:'" 

1.42 {= 462 mm with a= 2 

Cr = al200 1 195ooo = 692 mm with a= 3 

(1 ') 

(1 ") 

1200 . ct = 3.47 i . = 604 mm (23.8 m.) 
'\140,,1.42 (12') 

£ = _!_l_!__ 1.420.625 . 
t 400.15 0.006150.4 = 609 mm (23.9 m.) (17') 

The result ofEq. (1') underestimates and Eq. (1") overesti­
mates the transfer length. (The difference in the results of 
Eqs. (12') and (17') originates only from a rounding off 
error.) 

In Fig. 3, the bond stresses, tendon stresses and slips are 
presented in addition to the transfer lengths for the previous 
example [see also Eqs. (c), (d) and (a) of Appendix B]. The 
initial prestress and the draw-in are equal in all three cases, 
but the maximum bond stresses are different because of 
equilibrium conditions. 

In the case of compatible fsi and S values, Eqs. (12) and 
(17) provide the same transfer lengths. Those fsi and S val-· 
ues are considered to be compatible which fulfill Eq. (15). 
Some of these examples are presented in Table 1. For non­
compatible fsi and S values, Eqs. (12) and (17) may result in 
different values. 

ANALYSIS OF RESULTS 
Unlike Eq. (1), the coefficient a= 21(1 -b) of Eq. (9) is a 

function of the bond stress-slip relationship including its 
power, b. The limit values of the a coefficient 2 and 3 pro­
posed by Eq. (1) are obtained substituting ~and zero forb, 
respectively. 

Theoretically, it is not excluded that the coefficient 
21(1 -b) of Eq. (9) is greater thanK The coefficient b is the 
power of the bond stress-slip relationship given by Eq. (4). 
Pull-out test results9 show that the power b is greater than ~ 
for deformed bars having a relatively high rib area.• There­
fore, for a power b to be greater than ~ is a rare situation for 
prestressing tendons. 

In Fig. 4, Eqs. (1), (9), (12) and (17) are graphically com­
pared presenting the sections of the functions with two vari-
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Fig. 4. Graphical comparison of the transfer length vs. prestress or vs. draw-in equations. Note: EP = 195000 MPa (28280 ksi), 
np = 0.1 and lei= 40 MPa (5.8 ksi). 
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ables (fsi and S), in transfer length vs. initial prestress and 
transfer length vs. draw-in co-ordinate systems, respec­
tively. The diagrams also indicate the solutions expressed by 
one parameter1 (fsi or S) adopted for the given data. 

Fig. 4 represents that, for compatible fsi and S values, all 
the herein developed equations intersect for the same trans­
fer length. The intersectional points lie within the strips 
formed by the Guyon solutions for a= 2 and a= 3. 

Fig. 4(a) shows that the variation in the initial prestress (or 
strain) is best followed by Eq. (12) and worst followed by 
Eqs. (1) and (9). The deviations from the one parametrical 
solution of Eq. (17) is smaller than that of Eqs. (1) and (9). 

On the other hand, Fig. 4(b) shows that the variation in 
the draw-in is best followed by Eq. (17). The deviations 
from the one parametrical solution of Eqs. (1) and (9) are 
less than that of Eq. (12). 

This reversed situation originates from the inverse posi­
tion of the variables, fsi and S. 

The disadvantage in using the two variable approaches is 
that the increase of the denominator produces a decrease in 
the transfer length, which is not realistic. In view of this 
limitation, the best approach is to use Eq. (17) [as shown in 
Fig. 4]. 

CONCLUSIONS 
1. Guyon's transfer length formula: 

£1 = aS/esi (I) 

can be used independently of the concrete strength and ten­
don diameter. The tendon type (wire or strand) and its sur­
face pattern (crimped, indented or deformed) can be taken 
into account using an a coefficient such as: 

a= 2/ (1-b) (II) 

where b is the power of the assumed bond stress-slip rela­

tionship: fb = c~-ob. If b =X orb .... 0, the values a= 3 
and a = 2 are obtained as proposed by Guyon for linear and 
constant bond stress distributions over the transfer length, 
respectively. For Y> in. (12.8 mm) seven-wire strands, 
b = 0.25; therefore, a= 2.67. 

2. In addition to the modification for the a coefficient, 
two nonlinear equations are developed for the transfer 
length as a function of both the draw-in and initial prestress. 
Expressing them for~ in. (12.8 mm) seven-wire strands: 
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(III) 

or 

£1 = 3. 5 fsi I ~ !/; ~s (IV) 

These nonlinear equations provide alternative methods for 
evaluating the transfer length of prestressing strand. For 
compatible initial prestress (fsi) and free-end slip (S) values, 
all of Eqs. (III), (IV) and (1), when substituting Eq. (II), give 
the same transfer length. 

Compared to Eq. (I), Eq. (III) follows better the variation 
of the draw-in and Eq. (IV) follows better the variation of 
the initial prestress. 
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APPENDIX A- NOTATION 

Ac = area of concrete at cross section considered, mm2 

Aps = area of an individual prestressing strand, mm2 

b = power of bond-slip relationship 

n = E/Ec = modular ratio for prestressing strand 

s =slip, mm 

S = draw-in (free-end slip) of prestressing strand, mm 

c = multiplication factor of bond-slip relationship, MPa112 x = section co-ordinate measured from stressed end, mm 

t4 = nominal diameter of prestressing tendon, mm 

Ec = modulus of elasticity of concrete, MPa 

EP = modulus of elasticity of prestressing strand, MPa 

Ji, = bond stress, MPa 

f~i = specified compressive strength of concrete at trans-
fer, MPa 

Ji,s = stress in prestressing strand, MPa 

fse = effective stress in prestressing strand, MPa 

fsi = initial prestress before losses, MPa 

£1 = transfer length (mean value), mm 

a =coefficient ofEq. (1) 

8 = s/db 

ec = concrete strain 

ece = concrete strain just after transfer 

eps = strain of prestressing tendon 

ese = tendon strain just after transfer 

esi = initial strain of prestressing tendon 

~ = xldb 

Pp =Ap/Ac 

1C =coefficient [see Eq. (b) of Appendix B] 

APPENDIX B- DERIVATIONS 

To make the main part of this paper easier to follow, the 
source of some of the quoted equations, 1 together with a few 
intermediate steps, are summarized. The origin of the co­
ordinate axis is at the stressed end of the transfer length and 
directed towards the end face of the member. The notations 
are explained in Appendix A. 

Slip distribution over the transfer length1 (mean value): 

2 

8(~) = s(~)l db= 1C~I-b (a) 

where 

(b) 

Bond stress distribution over the transfer length1 (mean 
value): 

(c) 

Tendon stress distribution over the transfer length1 (mean 
value): 
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l+b 
+ = + -[4(1-h)e b (7/JJ:I-b 

J ps Jse 1( C v J cz ':> 
1+b 

Dimensionless form of Eq. ( 11): 

ft - 1 + b 
db -(1+npP)4(l-b)8c~ 

Transfer length vs. draw-in relationship: 1 

Dimensionless form of Eq. (16): 

el+b 
Sl 

(d) 

(e) 

(f) 

(g) 
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