
The Saudi Code for GFRP
Reinforced Concrete 

Code & Commentaries
SBC 311 - CC

SBC



TABLE OF CONTENTS   
 

 

  
SBC 311-CC-2024 iv 

 

TABLE OF CONTENTS 

PREFACE TO THE SAUDI GFRP REINFORCED CONCRETE (SGRC) CODE (SBC 311-2024) ...................................... I 

TABLE OF CONTENTS ..................................................................................................................................... IV 

 ―GENERAL .................................................................................................................................. 1 

1.1 ―SCOPE OF SBC 31F1 ........................................................................................................................................ 1 
1.2 ―GENERAL ......................................................................................................................................................... 1 
1.3 ―PURPOSE .......................................................................................................................................................... 1 
1.4 ―APPLICABILITY ................................................................................................................................................ 2 
1.5 ―INTERPRETATION ............................................................................................................................................. 3 
1.6 ―BUILDING OFFICIAL ......................................................................................................................................... 3 
1.7 ―LICENSED DESIGN PROFESSIONAL .................................................................................................................... 3 
1.8 ―CONSTRUCTION DOCUMENTS AND DESIGN RECORDS ....................................................................................... 4 
1.9 ―TESTING AND INSPECTION ................................................................................................................................ 4 
1.10 ―APPROVAL OF SPECIAL SYSTEMS OF DESIGN, CONSTRUCTION, OR ALTERNATIVE CONSTRUCTION MATERIALS 4 

 ―NOTATION AND TERMINOLOGY ............................................................................................ 6 

2.1 ―SCOPE .............................................................................................................................................................. 6 
2.2 ―NOTATION ....................................................................................................................................................... 6 
2.3 ―TERMINOLOGY ................................................................................................................................................. 11 

TABLES AND FIGURES OF CHAPTER 2 ....................................................................................................... 19 

 ―REFERENCED STANDARDS ................................................................................................. 21 

3.1 ―REFERENCED STANDARDS................................................................................................................................ 21 

 ―STRUCTURAL SYSTEM REQUIREMENTS ........................................................................... 24 

4.1 ―SCOPE .............................................................................................................................................................. 24 
4.2 ―MATERIALS ..................................................................................................................................................... 24 
4.3 ―DESIGN LOADS ................................................................................................................................................. 24 
4.4 ―STRUCTURAL SYSTEM AND LOAD PATHS .......................................................................................................... 24 
4.5 ―STRUCTURAL ANALYSIS ................................................................................................................................... 26 
4.6 ―STRENGTH ....................................................................................................................................................... 26 
4.7 ―SERVICEABILITY .............................................................................................................................................. 26 
4.8 ―DURABILITY .................................................................................................................................................... 27 
4.9 ―SUSTAINABILITY .............................................................................................................................................. 27 
4.10 ―STRUCTURAL INTEGRITY ............................................................................................................................... 27 
4.11 ―FIRE RESISTANCE AND ELEVATED SERVICE TEMPERATURE ............................................................................ 27 
4.12 ―REQUIREMENTS FOR SPECIFIC TYPES OF CONSTRUCTION ............................................................................... 29 
4.13 ―CONSTRUCTION AND INSPECTION .................................................................................................................. 30 
4.14 ―STRENGTH EVALUATION OF EXISTING STRUCTURES ....................................................................................... 30 

TABLES AND FIGURES OF CHAPTER 4 ....................................................................................................... 31 

 ―LOADS ..................................................................................................................................... 34 

5.1 ―SCOPE .............................................................................................................................................................. 34 
5.2 ―GENERAL ......................................................................................................................................................... 34 
5.3 ―LOAD FACTORS AND COMBINATIONS ............................................................................................................... 34 

TABLES AND FIGURES OF CHAPTER 5 ....................................................................................................... 37 

 ―STRUCTURAL ANALYSIS ...................................................................................................... 39 



TABLE OF CONTENTS   
 

 

  
SBC 311-CC-2024 v 

 

6.1 ―SCOPE .............................................................................................................................................................. 39 
6.2 ―GENERAL ......................................................................................................................................................... 39 
6.3 ―MODELING ASSUMPTIONS ................................................................................................................................ 41 
6.4 ―ARRANGEMENT OF LIVE LOAD ......................................................................................................................... 42 
6.5 ―SIMPLIFIED METHOD OF ANALYSIS FOR CONTINUOUS BEAMS AND ONE-WAY SLABS ........................................ 42 
6.6 ―FIRST-ORDER ANALYSIS ................................................................................................................................... 42 
6.7 ―LINEAR ELASTIC SECOND-ORDER ANALYSIS .................................................................................................... 47 
6.8 ―INELASTIC ANALYSIS—OUT OF SCOPE ............................................................................................................. 48 
6.9 ―ACCEPTABILITY OF FINITE ELEMENT ANALYSIS ............................................................................................... 48 

TABLES AND FIGURES OF CHAPTER 6 ....................................................................................................... 49 

 ―ONE-WAY SLABS ................................................................................................................... 53 

7.1 ―SCOPE .............................................................................................................................................................. 53 
7.2 ―GENERAL ......................................................................................................................................................... 53 
7.3 ―DESIGN LIMITS ................................................................................................................................................. 53 
7.4 ―REQUIRED STRENGTH ...................................................................................................................................... 53 
7.5 ―DESIGN STRENGTH ........................................................................................................................................... 54 
7.6 ―GFRP REINFORCEMENT LIMITS ........................................................................................................................ 54 
7.7 ―GFRP REINFORCEMENT DETAILING ................................................................................................................. 55 

 ―TWO-WAY SLABS .................................................................................................................. 58 

8.1 ―SCOPE .............................................................................................................................................................. 58 
8.2 ―GENERAL ......................................................................................................................................................... 58 
8.3 ―DESIGN LIMITS ................................................................................................................................................. 60 
8.4 ―REQUIRED STRENGTH ...................................................................................................................................... 60 
8.5 ―DESIGN STRENGTH ........................................................................................................................................... 62 
8.6 ―GFRP REINFORCEMENT LIMITS ........................................................................................................................ 62 
8.7 ―GFRP REINFORCEMENT DETAILING ................................................................................................................. 63 
8.8 ―NONPRESTRESSED TWO-WAY JOIST SYSTEMS—OUT OF SCOPE ........................................................................ 64 
8.9 ―LIFT-SLAB CONSTRUCTION—OUT OF SCOPE .................................................................................................... 64 

TABLES AND FIGURES OF CHAPTER 8 ....................................................................................................... 65 

 ―BEAMS ..................................................................................................................................... 70 

9.1 ―SCOPE .............................................................................................................................................................. 70 
9.2 ―GENERAL ......................................................................................................................................................... 70 
9.3 ―DESIGN LIMITS ................................................................................................................................................. 70 
9.4 ―REQUIRED STRENGTH ...................................................................................................................................... 71 
9.5 ―DESIGN STRENGTH ........................................................................................................................................... 72 
9.6 ―GFRP REINFORCEMENT LIMITS ........................................................................................................................ 73 
9.7 ―GFRP REINFORCEMENT DETAILING ................................................................................................................. 75 
9.8 ―ONE-WAY JOIST SYSTEMS ................................................................................................................................ 79 
9.9 ―DEEP BEAMS—OUT OF SCOPE .......................................................................................................................... 80 

TABLES AND FIGURES OF CHAPTER 9 ....................................................................................................... 81 

 ―COLUMNS ............................................................................................................................. 86 

10.1 ―SCOPE ............................................................................................................................................................ 86 
10.2 ―GENERAL ....................................................................................................................................................... 86 
10.3 ―DESIGN LIMITS ............................................................................................................................................... 86 
10.4 ―REQUIRED STRENGTH .................................................................................................................................... 86 
10.5 ―DESIGN STRENGTH ......................................................................................................................................... 87 
10.6 ―GFRP REINFORCEMENT LIMITS ...................................................................................................................... 87 



TABLE OF CONTENTS   
 

 

  
SBC 311-CC-2024 vi 

 

10.7 ―GFRP REINFORCEMENT DETAILING ............................................................................................................... 88 

TABLES AND FIGURES OF CHAPTER 10 ..................................................................................................... 90 

 ―WALLS ................................................................................................................................... 93 

11.1 ―SCOPE ............................................................................................................................................................ 93 
11.2 ―GENERAL ....................................................................................................................................................... 93 
11.3 ―DESIGN LIMITS ............................................................................................................................................... 93 
11.4 ―REQUIRED STRENGTH .................................................................................................................................... 94 
11.5 ―DESIGN STRENGTH ......................................................................................................................................... 94 
11.6 ―GFRP REINFORCEMENT LIMITS ...................................................................................................................... 95 
11.7 ―GFRP REINFORCEMENT DETAILING ............................................................................................................... 96 
11.8 ―ALTERNATIVE METHOD FOR OUT-OF-PLANE SLENDER WALL ANALYSIS—OUT OF SCOPE .............................. 96 

TABLES AND FIGURES OF CHAPTER 11 ..................................................................................................... 97 

 ―DIAPHRAGMS—NOT ADDRESSED .................................................................................... 99 

 ―FOUNDATIONS ................................................................................................................... 101 

13.1 ―SCOPE ............................................................................................................................................................ 101 
13.2 ―GENERAL ....................................................................................................................................................... 101 
13.3 ―SHALLOW FOUNDATIONS ............................................................................................................................... 103 
13.4 ―DEEP FOUNDATIONS....................................................................................................................................... 104 

TABLES AND FIGURES OF CHAPTER 13 ................................................................................................... 106 

 ―PLAIN CONCRETE—NOT APPLICABLE .......................................................................... 109 

 ―BEAM-COLUMN AND SLAB-COLUMN JOINTS ............................................................... 111 

15.1 ―SCOPE ............................................................................................................................................................ 111 
15.2 ―GENERAL ....................................................................................................................................................... 111 
15.3 ―TRANSFER OF COLUMN AXIAL FORCE THROUGH THE FLOOR SYSTEM ............................................................. 111 
15.4 ―DETAILING OF JOINTS .................................................................................................................................... 112 

 ―CONNECTIONS BETWEEN MEMBERS ............................................................................ 114 

16.1 ―SCOPE ............................................................................................................................................................ 114 
16.2 ―CONNECTIONS OF PRECAST MEMBERS—OUT OF SCOPE ................................................................................. 114 
16.3 ―CONNECTIONS TO FOUNDATIONS ................................................................................................................... 114 
16.4 ―HORIZONTAL SHEAR TRANSFER IN COMPOSITE CONCRETE FLEXURAL MEMBERS ........................................... 115 
16.5 ―BRACKETS AND CORBELS—OUT OF SCOPE .................................................................................................... 116 

 ―ANCHORING TO CONCRETE—NOT ADDRESSED ......................................................... 118 

 ―EARTHQUAKE-RESISTANT STRUCTURES ..................................................................... 120 

18.1 . 120 

 ―CONCRETE: DESIGN AND DURABILITY REQUIREMENTS ........................................... 122 

19.1 ―SCOPE ............................................................................................................................................................ 122 
19.2 ―CONCRETE DESIGN PROPERTIES ..................................................................................................................... 122 
19.3 ―CONCRETE DURABILITY REQUIREMENTS ........................................................................................................ 123 
19.4 ―GROUT DURABILITY REQUIREMENTS—OUT OF SCOPE ................................................................................... 125 

TABLES AND FIGURES OF CHAPTER 19 ................................................................................................... 126 

 ―GFRP REINFORCEMENT PROPERTIES, DURABILITY, AND EMBEDMENTS .............. 128 

20.1 ―SCOPE ............................................................................................................................................................ 128 
20.2 ―GFRP BARS ................................................................................................................................................... 128 



TABLE OF CONTENTS   
 

 

  
SBC 311-CC-2024 vii 

 

20.3 ―PRESTRESSING STRANDS, WIRES, AND BARS—OUT OF SCOPE ........................................................................ 129 
20.4 ―HEADED SHEAR STUD REINFORCEMENT—OUT OF SCOPE .............................................................................. 130 
20.5 ―PROVISIONS FOR DURABILITY OF GFRP REINFORCEMENT ............................................................................. 130 
20.6 ―EMBEDMENTS ................................................................................................................................................ 131 

TABLES AND FIGURES OF CHAPTER 20 ................................................................................................... 132 

 ―STRENGTH REDUCTION FACTORS ................................................................................. 134 

21.1 ―SCOPE ............................................................................................................................................................ 134 
21.2 ―STRENGTH REDUCTION FACTORS FOR STRUCTURAL CONCRETE MEMBERS AND CONNECTIONS ...................... 134 

TABLES AND FIGURES OF CHAPTER 21 ................................................................................................... 135 

 ―SECTIONAL STRENGTH .................................................................................................... 137 

22.1 ―SCOPE ............................................................................................................................................................ 137 
22.2 ―DESIGN ASSUMPTIONS FOR MOMENT AND AXIAL STRENGTH .......................................................................... 137 
22.3 ―FLEXURAL STRENGTH .................................................................................................................................... 138 
22.4 ―AXIAL STRENGTH OR COMBINED FLEXURAL AND AXIAL STRENGTH............................................................... 139 
22.5 ―ONE-WAY SHEAR STRENGTH .......................................................................................................................... 140 
22.6 ―TWO-WAY SHEAR STRENGTH ......................................................................................................................... 144 
22.7 ―TORSIONAL STRENGTH................................................................................................................................... 146 
22.8 ―BEARING ........................................................................................................................................................ 149 
22.9 ―SHEAR FRICTION—OUT OF SCOPE.................................................................................................................. 150 

TABLES AND FIGURES OF CHAPTER 22 ................................................................................................... 151 

 ―STRUT-AND-TIE METHOD—NOT ADDRESSED .............................................................. 159 

 ―SERVICEABILITY REQUIREMENTS .................................................................................. 161 

24.1 ―SCOPE ............................................................................................................................................................ 161 
24.2 ―DEFLECTIONS DUE TO SERVICE-LEVEL GRAVITY LOADS ................................................................................ 161 
24.3 ―DISTRIBUTION OF GFRP FLEXURAL REINFORCEMENT IN ONE-WAY SLABS AND BEAMS ................................. 164 
24.4 ―GFRP SHRINKAGE AND TEMPERATURE REINFORCEMENT .............................................................................. 165 
24.5 ―PERMISSIBLE STRESSES IN PRESTRESSED CONCRETE FLEXURAL MEMBERS—OUT OF SCOPE .......................... 166 
24.6 ―PERMISSIBLE TENSILE STRESSES IN GFRP REINFORCEMENT .......................................................................... 167 

TABLES AND FIGURES OF CHAPTER 24 ................................................................................................... 168 

 ―GFRP REINFORCEMENT DETAILS ................................................................................... 171 

25.1 ―SCOPE ............................................................................................................................................................ 171 
25.2 ―MINIMUM SPACING OF GFRP REINFORCEMENT ............................................................................................. 171 
25.3 ―STANDARD HOOKS, CROSSTIES, AND MINIMUM INSIDE BEND DIAMETERS ...................................................... 171 
25.4 ―DEVELOPMENT OF GFRP REINFORCEMENT ................................................................................................... 172 
25.5 ―SPLICES .......................................................................................................................................................... 174 
25.6 ―BUNDLED REINFORCEMENT—OUT OF SCOPE ................................................................................................. 175 
25.7 ―GFRP TRANSVERSE REINFORCEMENT ............................................................................................................ 175 
25.8 ―POST-TENSIONING ANCHORAGES AND COUPLERS—OUT OF SCOPE ................................................................ 177 
25.9 ―ANCHORAGE ZONES FOR POST-TENSIONED TENDONS—OUT OF SCOPE .......................................................... 178 

TABLES AND FIGURES OF CHAPTER 25 ................................................................................................... 179 

 ―CONSTRUCTION DOCUMENTS AND INSPECTION ........................................................ 185 

26.1 ―SCOPE ............................................................................................................................................................ 185 
26.2 ―DESIGN CRITERIA ........................................................................................................................................... 186 
26.3 ―MEMBER INFORMATION ................................................................................................................................. 186 
26.4 ―CONCRETE MATERIALS AND MIXTURE REQUIREMENTS .................................................................................. 186 



TABLE OF CONTENTS   
 

 

  
SBC 311-CC-2024 viii 

 

26.5 ―CONCRETE PRODUCTION AND CONSTRUCTION ............................................................................................... 191 
26.6 ―GFRP REINFORCEMENT MATERIALS AND CONSTRUCTION REQUIREMENTS .................................................... 195 
26.7 ―ANCHORING TO CONCRETE—OUT OF SCOPE .................................................................................................. 197 
26.8 ―EMBEDMENTS ................................................................................................................................................ 197 
26.9 ―ADDITIONAL REQUIREMENTS FOR PRECAST CONCRETE ................................................................................. 197 
26.10 ―ADDITIONAL REQUIREMENTS FOR PRESTRESSED CONCRETE—OUT OF SCOPE ............................................. 198 
26.11 ―FORMWORK ................................................................................................................................................. 198 
26.12 ―EVALUATION AND ACCEPTANCE OF HARDENED CONCRETE ......................................................................... 200 
26.13 ―INSPECTION .................................................................................................................................................. 203 

TABLES AND FIGURES OF CHAPTER 26 ................................................................................................... 206 

 ―STRENGTH EVALUATION OF EXISTING CONCRETE STRUCTURES .......................... 209 

27.1 ―SCOPE ............................................................................................................................................................ 209 
27.2 ―GENERAL ....................................................................................................................................................... 209 
27.3 ―ANALYTICAL STRENGTH EVALUATION ........................................................................................................... 210 
27.4 ―STRENGTH EVALUATION BY LOAD TEST ......................................................................................................... 211 
27.5 ―MONOTONIC LOAD TEST PROCEDURE ............................................................................................................. 211 

TABLES AND FIGURES OF CHAPTER 27 ................................................................................................... 214 

APPENDIX A —FIRE RESISTANCE .............................................................................................................. 216 

A.1 ―SCOPE ............................................................................................................................................................. 216 
A.2 ―ONE-WAY SLABS ............................................................................................................................................. 216 
A.3 ―TWO-WAY SLABS ............................................................................................................................................ 217 
A.4 ―BEAMS ............................................................................................................................................................ 217 
A.5 ―COLUMNS ....................................................................................................................................................... 218 
A.6 ―WALLS ............................................................................................................................................................ 219 

TABLES AND FIGURES OF APPENDIX A ................................................................................................... 221 

APPENDIX B —RESIDENTIAL WALLS AND SLABS-ON-GROUND .......................................................... 224 

B.1 ―SCOPE ............................................................................................................................................................. 224 
B.2 ―SLABS-ON-GROUND ......................................................................................................................................... 224 
B.3 ―BELOW GRADE FOUNDATION WALLS ............................................................................................................. 224 

TABLES AND FIGURES OF APPENDIX B ................................................................................................... 227 

APPENDIX C18 —ALTERNATE CHAPTER 18 – EARTHQUAKE-RESISTANT STRUCTURES ................ 239 

C18.1 ―SCOPE ......................................................................................................................................................... 239 
C18.2 ―GENERAL .................................................................................................................................................... 239 
C18.3 ―ORDINARY MOMENT FRAMES ...................................................................................................................... 241 
C18.4 ―INTERMEDIATE MOMENT FRAMES ............................................................................................................... 241 
C18.5 ― .................................................................................................................................................................... 241 
C18.6 ― .................................................................................................................................................................... 241 
C18.7 ― .................................................................................................................................................................... 241 
C18.8 ― .................................................................................................................................................................... 241 
C18.9 ― .................................................................................................................................................................... 241 
C18.10 ― .................................................................................................................................................................. 241 
C18.11 ― .................................................................................................................................................................. 241 
C18.12 ― .................................................................................................................................................................. 241 
C18.13 ―FOUNDATIONS ........................................................................................................................................... 241 
C18.14 ―MEMBERS NOT DESIGNATED AS PART OF THE SEISMIC-FORCE-RESISTING SYSTEM .................................... 242 
C18.15 ―HYBRID REINFORCEMENT ......................................................................................................................... 242 



TABLE OF CONTENTS   
 

 

  
SBC 311-CC-2024 ix 

 

APPENDIX D —EQUIVALENCE BETWEEN SI-METRIC, MKS-METRIC, AND U.S. CUSTOMARY UNITS 
OF NONHOMOGENOUS EQUATIONS IN THE CODE ................................................................................. 245 

COMMENTARY REFERENCES ..................................................................................................................... 249 


	TABLE OF CONTENTS

