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1. ESKISEGIR TEKNIK UNIBERSDITESI/ CIVIL ENGINEERING
DEPARTMENT (Jan 11, 2020) for GFRP ($ 8, & 10, § 12, ¢ 14mm).

2. MIDDLE EAST TECHNICAL UNIVERSITY, Laboratory of Solid
Mechanics (September 22, 2017) for GFRP (¢ 16mm, & 20mm)

3. TECHNISCHE UNIVERSITAT KAISERSLAUTERN 23. 10. 2018 for GFRP
(b 32Zmm)
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- ASTM D7957/D7957M-17 (Standard Specification for Solid Round
Glass Fiber Reinforced Polymer Bars for Concrete Reinforcement)
- ACl 440-6 M-08 {Specification for Carbon and Glass Fiber-Reinforced
Polymer Bar Materials for Concrete Reinforcement)
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1. ESKISEGIR TEKNIK UNIBERSDITESI/ CIVIL ENGINEERING
DEPARTMENT (Jan 11, 2020) for (12) GFRP (§ 8, § 10, ¢ 12, ¢ 14mm).

(15010406 and TS16816) :diuelsell 33n samill Gyl
15010406 (Fiber-reinforced polymer (FRP) reinforcement of concrete.
Test methods)

pl3al (1) ad; Jadael § Aseudrga pamdll Aol

Sample | Diameter Area Tensile Strength | Ultimate | Medulus of
| (mm) | {mm?) Load | Strengih [ strain | Elasticity
, (KN) (MPa) (%) (MPa)
'GFRP-1 | 8 50 938 | 1875 2.8 70310
| GFRP-2 8 50 94.9 1897 27 74080
GFRE-3 8 50 B7.6 1746 24 | 73iis
| GFRP-4 10 80 130.2 1627 24 | 78588
GFRP-5 10 80 1227 1534 22 | 79328
GFRP-6 10 B0 129.3 1616 2.4 80259
GFRP-7 12 85 124.5 1310 26 51603 |
'GFRP-8 12 95 127.9 1348 2.5 50660 |
"GFRP-2 12 g5 127.0 1337 2.3 51329
| 1
GFRP-10 14 140 236.6 1650 20 B9T27
GFRP-11 14 140 | 2384 | 1708 | 24 | 89585
| GFRP-12 14 | 140 2409 | 1721/ 24 | 87790




2. MIDDLE EAST TECHNICAL UNIVERSITY, Laboratory of Solid

Sedagh Cilyladud) usa
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Mechanics (September 22, 2017) for GFRP (¢ 16mm, ¢ 20mm)

(15010406 and TS16816) :diwlgell 5y pa=all gy

15010406 (Fiber-reinforced polymer (FRP) reinforcement of concrete.
Test methods)

slial (2] pdy Jodadl § A ga yamall i

Test | Diameter| Area |  Tenslle Strength | Ultimate | Modulus of
No. (mm) {mm?#) Load Strength strain | Elasticity
(N} (MPa) (%) (N/mm?)

(Load/Area) (MPa) |

K 16 184.8 | 2046693 | 11075 | 51910.2 |
2 16 180.5 | 2250401 | 1246.8 | 53807.4
3 16 182.4 | 2294118 | 1257.7 52655.9
| & 20 | 2B7.4 | 3067980 | 10675 51810.6
5 20 2816 | 290180.8 | 1030.5 | 53076.0
6 20 2774 | 3157244 | 11381 539487

3. TECHNISCHE UNIVERSITAT KAISERSLAUTERN 23. 10. 2018 for GFRP

(f 32mm])

(ISOL0406 and TS16816) die!igell 3y jasdll o

15010406 (Fiber-reinforced polymer (FRP) reinforcement of concrete.
Test methods)

2lial (3) pdy Jadandl (§ doinge amedll 5l

BE61.4 1141.3

Test |Diameter| Core | Tensile Strength [ Uttimate | Modulus of
No. (mm) | Diameter| Load | Strength | strain | Elasticity

. mm | (kM) (MPa) | /(%) | (MPa)

| GFRP 1 2 | 31 8362 | 1107.9 /| 250 “-_ 44321
GFRP 2 32 | 3 | 7775 | 10307 | 236 43638
GFRP3 | 32 | 31 | | 256 | 44610

|
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Fiber | Designated diameter of bar with Nominal Minimum

circular cross-section or width of Cross Specified

bar with nominally square cross- sectional | Tensile Strength,

saction, (mm) | grea(mm?) | (MPa)

| Glass | B 32 750

| 8 50 750

| - 10 71 750
13 129 650

. 15 199 650

20 284 600

| 2 387 550

| 25 510 550

I a0 645 500
32 819 450

| B 1006 | 450

Table 5 Grades of FRP bars and grds comesponding fo their minimurm modulus
ﬂﬂﬁﬁ‘a@éﬁﬂfﬁaﬁhﬁhﬁf Wil )

| Designation | Gradel | Gradell Gradell |
' 'Individual | Barsin | Individual | Bars | Individual | Bars

Bars a Bars ina | ._Bars ina
‘ grid grid == | gnd
i__ GFRP 40 30 | 50 40/ |7 B0 %50
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Determining Mechanical Properties of GFRPs
Classification based on tensile strength

The minimum specified tensile strength, specified in Table T shall be taken as the
mean value of the test strengths multiplied by Ft.

_1-1645v
-, Lb6d5v
1+
Vn

Where:

v = the coefficient of variation (COV) of the tensile strength obtained from
gualification tests
n = the number of samples

Classification based on minimum modulus of elasticlty

Depending on the values of their longitudinal modulus of elasticity, E, individual
FRP bars and bars in a grid shall be classified as Grade |, |, or Il {see Table £).
Note: Grade | have the lowest value of E and Grade Il FRPs have the have the
highest value of E. The ultimate elongation shall be not less than 1.2 %

When the COV of the modulus of elasticity is smaller than 5 % the minimum
specified modulus of elasticity {see Table 2) shall be taken as the mean valug of
the test madulus; alternatively, E may be taken as the mean value of test modulus
multiplied by Fe,

Where:
1 —1645v
Fe ., 1645y
W
Where:

V = the COV of the modulus of elasficity obtained from quaﬁﬂcati:::n tests |
n = the number of samples,
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" Sample | Diameter| Area | Tensile Strength = Uttimate | Modulus of
! . (mm) |{mm?) | Load | Strength | strain Elasticity
| (KN) | (MPa) | (%) | (MPa)
| GFRP-1 8 | 50 | 938 | 1875 28 | 70310
GFRP-2 8 50 | 948 | 1887 27 74080
GFRP3| 8 | 50 | B76 | 1746 | 21 73173
' Mean value of the test MPa 1839 | 2534 | 72521
- 5= standard deviation MPa 81.6 | 0.3786 1968
v = the coefficient of variation 0.0444 | 0.149 0.0271
] Ft, OrFe 0.8889 0.931
Limits (Minimurm) 750 1.2 | Grade |l = 60000
Final Check | Ok OK OK

Example: Mean value of the test strengths (Average) = 1833 MPa
S= standard deviation= &1.6 MPa

v = the coefficient of variation (COV)= (S/Average) = 0.0444

n=3 Ft=0889

The minimum specified tensile strength for 4 8 mm = Ft x Average
= (1,889 x 1830 = 1635 MPa Ok check > 730

- The Minimum specified tensile strength 1635 MPa Ok check > 750
- The Minimurm ultimate elongation (2.1) shall be not less than 1.2 % check CK
- The Minimurm modulus of elasticity 67517 MPa Ok check > 60000 for Grade Il

o
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Table (7) for ¢ 10 mm
“Sample | Diameter | Area | Tensile Strength | Ultimate |  Modulus of
{mm) | {(mm?) | Load | Strength | strain Elasticity
| (KN) | (MPa) | (%) | (MPa)
GFRP4 | 10 B0 | 130.2 | 1627 | 2.4 78588
'GFRP-5 | 10 | 80 | 1227 | 1534 22 79326
GFRP-B | 10 B0 | 129.3 | 1618 2.4 80250
~ Mean value of the test MPa | 1592 79391
| S= standard deviation MPa 50.8 837.4
"V = the coefficient of variation 0.032 T 0.01055
Ft, OrFe 0.918 0.972
Limits (Minimum) 750 1.2 | Grade [l = 60000
Final Check Ok oK OK

- The Minimum specified tensile strength 1463 MPa Ok check > 750
- The Minimum ultimate elongation (2.1} shall be not less than 1.2 % check OK
- Thie Minimum modulus of elasticity 77168 MPa Ok check > 80000 for Grade [l




sl ol AT i
Sk Al fdawdigll 405

Table (8) for & 12 mm
Sample | Diameter| Area | Tensile Strength |Ultimate Modulus of
| imm) | (mm?)  Load | Strength | strain Elasticity |
. (KN) | (MPa) | (%) (MPa) |
GFRP-7 12 85 | 1245 | 1310 26 51603
 GFRP-8 12 95 | 1279 | 1348 2.5 50660
| GFRP-9 12 85 | 127.0 | 1337 2.3 51329
Mean value of the test MPa 1331 51197
5= standard deviation MPa 18.7 4851
' = the coefficient of variation 0.0141 0.0095
| Ft, Or Fe  0.963 0.975
| Limits {Minimum) Grade | = 40000
'| Final Check Ok oK OK

- The Minimum specified tensile strength 1281 MPa Ok check = 750
- The Minimum ultimate elongation (2.1) shall be not less than 1.2 % check OK
- The Minimum madulus of elasticity 43917 MPa Ok check > 40000 for Grade |
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Table (9) for ¢ 14 mm
" Sample |Diameter| Area | Tensile Strength | Ultimate [ Modulus of
' (mm) | (mm? | Load | Strength | strain Elasticity
(KM} | (MPa) | (%) (MPa)
"GFRP-10| 14 | 140 | 2368 | 1680 | 2.0 89737 |
GFRP-11| 14 140 | 2384 | 1703 2.1 89585
GFRP-12| 14 140 | 2408 | 1721 2.1 B7790
Mean value of the test MPa 1704 | 89034
!"5_: standard deviation MPa 15.6 1079.7
i v = the coefficient of variation 0.00913 0.0121
' Ft, Or Fe 0.976 . | 0.968
Limits (Minimum) Grade Ill = 60000
Final Check Ok OK oK |

- The Minimum specified tensile strength 1633 MPa Ok check > 650
- The Minimurm ulimate elongation (2.1) shall be not less than 1.2 % check OK
- The Minimum modulus of elasticity 86184 MPa Ok check > 60000 for Grade Il
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" Sample | Diameter| Area | Tensile Strength | Ultimat | Modulus of

(mm) | (mm?)| Load | Strength |estrain| Elasticity (E)
(KN) | Fu(MPa) (FulE) (MPa}

| (%)
E 16 | 184.8 | 2046683 | 11075 | 213 51910.2
2 16 | 1805 |225040.1| 12468 | 2.32 53607.4
3 16 | 1824 |220411.8 | 12577 | 2.38 526553
i Mean value of the test MPa 1204 52724.5
| 8= standard deviation MPa: 83.75 ' 850.6
| v = the coefficient of variation | | 0-0896 0.01613
Ft. Or Fe 0.8306 0.9587
Limits {Minimum) 2 | Grade |l = 50000
Final Check Ok OK OK

- The Minimum specified tensile strength 1000 MPa Ok check > 650
- The Minimum ultimate elongation (2.1) shall be not less than 1.2 % check OK
- The Minimum modulus of elasticity 50551 MPa Ok check > 50000 for Grade Il

v
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- Sample | Diameter | Area II Fensile Strength | Utimate | Modulus of |
| (mm) | (mm® | Load [ Strength | strain Elasticity (E} |
| (KN) | Fu(MPa)| (FUE) (MPa)
‘ | | (o)
& | 20 |[2874] 306708.0| 1067.5 | 2.06 518106
— 5 | 20 [2816 5901808 10305 | 1.94 53076.0
T8 | 20 |2774 3157244 11381 | 211 53848 7
T Tilean value of fhe test MPa 10787 529451
'| 5= standard deviation MPa 54.67 1075.0
.| v = the coefficient of variation | 0.0506 | 0.0203
| Ft. Or Fe 0.8747 0,945

Lirnits {Minimum]

Grade Il = 50000

| Final Check

OK

_ The Minimum specified tensile strength 343 MPa Ok check = 600
- The Minimum Utimate elongation (2.1) shall be not less than 1.2 % check OK
~The Minimum moduius of elasticity 50209 MPa Ok check > 50000 for Grade |i

%)
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“Sample |Diameter| Area | Tensile Strength |Ultimate | Modulus of |
' (mm) |(mm% | Load | Strength | sirain Elasticity
| 'I (KN | (MPa) | (%) (MPa)
GFRP1 | 32 | 75476| 8362 | 1107.8 | 2.50 T 44321
"GFRP 2 | 32 |754.76 7775 | 10301 | 238 | 43638
TGFRP3 | 32 75476 B614 | 11413 | 256 | 44610
" Mean value of the te:l-;t.MPa 10831 44189
S= standard deviation MPa 57.06 4981 |
v = the coefficlent of variation 0.0522 | 0.01128
| Ft, Or Fe 0.8708 0.8710 I
Limits (Minimum) 2 | Grade | = 40000 |
Final Check Ok oK OK

- The Minimum specified tensile strength 952 MPa Ok check = 450
- The Minimum ultimate elongation {2.1) shall be not less than 1.2 % check OK
- The Minimum modulus of elasticity 42908 MPa Ok check > 40000 for Grade |

LR
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-ASTM D7957/D7957M-17 (Standard Specification for Solid Round Glass Fiber
Reinforced Polymer Bars for Concrete Reinforcement)
-ACI 440-6 M-08 (Specification for Carbon and Glass Fiber-Reinforced Palymer
Bar Materials for Concrete Reinforcement)

|
TABLE 13 Property Limits and Test Methods
ASTM D7957/D7357M-17 ACI 430-5 M-08
Property Limit
Mean Measured Cross-Sectional Area Table 10
‘Guaranteed Ultimate Tensile Force | Table 10
Mean Tensile Modulus of Elasticity = 44800 MPa = 39300 MPa
Mezan Ultimate Tensile Strain z11% 21.2%
[ Bar | Diameter | Cross ASTM D7957DTS5TM-17 | ACI44D-6
| Desgnation | mm | sectional | | M08
| Mo, | areamm? | Measured Cross- Minimum Minimum
| Sectional Area Limits | Guaranteed | guaranieed
. i Ultimate tensile
| " Minimum | Maximum | Tensile Force | strength
I . ) (Fu*) kN MPa I
. ME 63 | 32 30 55 | 27 760
| M1 a5 | T 87 104 59 | 760
E 127 | 120 | 118 | 169 08 | B30
| Mig 15.8 199 | 186 | 251 130 655 |
C M19 [ 191 | 284 | 268 | 347 182 | 620
M2 222 | 387 | 365 | 480 241 | 586 |
M25 | 254 | 510 | 476 | 589 297 | 550
M28 | 287 645 | 603 733 @5 | 517
| M32 | 323 | 818 744 | 8B4 | 437 | 480
Guaranteed ensils strenath of FRP bar, defined as mean tensile strangth of sample of test
specimens minus thres imes standard deviation {fu” = fu, ave - 3], (MPa) l
Diesign or guaranteed modulus of slasticity of FRP defined as mean modulus. of sampie of
test specimens (Ef = Ef, ave), psi (MPa) :
|
Vi .
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Sample | Diameter | Area | Tensile Strength | Ultimate Modulus of
i (mm) | (mm?2) | Load |Strength| strain Elasticity

| (KN) | (MPa) (%) (MPa)
'GFRP-1 ] 50 | 938 | 1875 2.8 70310
GFRP-2 8 | 50 | 949 | 1807 Z27 | 74080
GFRP-3 8 50 | 876 | 1746 2.1 73173

| Meanvalueofthetest | 921 | 1838 2.534 72521

| o=standard deviation | 384 | 816

Limits (Minimum)

11ASTM 44
1.2 ACI440-6 33300 AC! 4406
Final Check Ol ‘ oK OK QK

Example: Mean value of the Tensile load (Average) = 92.1 kN

S= standard deviation= 3.94 kN

The minimum specified tensile load for ¢ 8 mm = (fu* = fu, ave - 30)
=921 = 3x 3.94 = 80,2 kN Ok chieck = 27 kN ASTM D7957

The Minimum guaranteed tensile strength

= 1839 - 3 x 81.6 = 1594 Ok check = 760 MPa AC| 440-6 M-08

Yo
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Table (16} for ¢ 10 mm
| Sample |Diameter| Area | Tensile Strength | Ultimate Modulus of
{mm) | (mm?)| Load | Strength strain Elasticity
| (KN) | (MPa) (%) (MPa)
GFRP-4 10 80 | 130.2 | 1627 24 78588
'GFRP5 | 10 | 80 | 1227 | 1534 22 79326
\GFRP-6 10 80 | 1293 | 1616 2.4 80259
T Meanvalueofthetest | 1274 | 1582 7334 78391
4005 | 508 i

o = standard deviation

Limits {Minimum)
|

1.1 ASTM 44800 ASTM
1.2 ACI 440-6 39300 ACI 440-6'

|._ Final Check Ok oK I QK oK
Table {17) for ¢ 12 mm
“Sample | Diameter | Area | Tensile Strength | Ultimate Modulus of
{(mm) |(mm?) [ Load |Strength| strain Elasticity
. L | (KN} | (MPa) (%) (MPa)
GFRP-7 _1 2 95 | 124.5 1310 | 26 51603
GFRP-8 12 95 | 127.8 | 1346 | 25 50660
GFRP-8 12 95 | 127.0 | 1337 23 51329
Mean value of the tes 1264 | 1331 2467 51187
o = standard deviation 1762 | 187 |
Lirnits (Minimum) 44800 ASTM
1.2 ACI 440-6 39300 ACI 440-6
Final Check Ok Ok oK Ok
19
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Table (18) for & 14 mm
[ Sample |Diameter| Area | Tensile Strength | Ultimate Modulus of | |
| (mm) | (mm?) | Load |Strength| strain Elasticity
- (KN) | (MPa) (36) (MPa)
:EFF.F'-‘!U 14 140 | 236.6 | 1680 20 BOT27
'GFRP-11 14 140 | 2384 | 1703 2.1 89585
GFRP-12 | 14 | 140 | 2409 | 1721 2.1 87790
. Mean value of the test 238.6 | 1704 2 067 87790

2.16 156

.o =standard deviation

LIm:tM"mirnu

1.1 ASTM
1.2 ACI 440-6

44800 ASTM
39300 ACI 440-6.

| Final Check

Ok

oK

oK

"Sample | Diameter | Area | Tensile Strength Ultimate | Medulus of
| {mm) | (mm? | Load | Strength strain (FUE)| Elasticity (E)
(KN} [Fu(MPa) (%) (MPa)
1 16 1848 | 2048 | 11075 213 51910.2
2 16 180.5 | 2250 | 12468 2.32 53607.4
3 | 16 | 1824 | 2284 | 12577 | 238 | 526558
Mean value of the st 219.6 1204 2.276 527245
g = standard deviation 13.23 | B3.75

Limits {Mi}

1.1 ASTM

44800 ASTM

1.2 ACI 440-6 39300 AC) 4406
Final Check Ok OK OK ~OK.__

VY

r
[}
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| Sample | Diameter | Area | Tensile Strength Ulimate | Modulus of
| {mm} |(mm?) | Load |Strength strain Elasticity (E)
: (KN) (FU) (FUE) (MPa)
. (MPa) | (%e)
T4 20 | 287.4 | 306.8 | 1067.5 2.06 51810.6
T B | 20 |2816| =200.2 | 10305 1.94 53076.0
6 20 |277.4| 3157 | 11381 2.11 E30487
Mean value of the test 3042 | 107B7 | 2.036 526451
o = standard deviation 12.84 | 54.67

Limits. {Minimum) 182 620 1.1 ASTM 44800 ASTM
1.2 ACI 440-6 39300 ACI 440-6
Final Check Ok OK oK oK

Sample | Diameter | Area | Tensile Strength | Ultimate Modulus of
(mm) | (mm® | Load Strength! strain | Elasticity
| (KN) | (MPa) | (%) (MPa)
GFRP 1 32 75476 | 836.2 | 1107.9 2 50 44321
GFRP 2 32 | 754.76 | 777.5 | 1030.1 2.36 43638
GFRP3 | 32 | 75476 861.4 | 1141.3| 256 44610
Mean value of the test B25.0 | 10831 2473 44189
430 | 57.06 |

o = standard deviation

437

1.1 ASTM

44800 ASTI

Limits (Minimum) [
| 1.2 ACI 440-6 39300 ACI 4406
| Final Check ok | OK OK ok | /|
LF -
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