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Concept of Bond Stress

     Bond stresses are existent whenever the tensile stress or force in a reinforcing bar changes from point to point along the length of the bar in order to maintain equilibrium. Without bond stresses, the reinforcement will pull out of the concrete.
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Mechanism of Bond Transfer

     A smooth bar embedded in concrete develops bond by adhesion between concrete & reinforcement, and a small amount of friction. This is different in a deformed bar. Once adhesion is lost at high bar stress and some slight movement between the reinforcement and the concrete occurs, bond is then provided by friction and bearing on the deformations of the bar. At much higher bar stress, bearing on the deformations of the bar will be the only component contributing to bond strength.
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Splitting cracks
      The radial component of the bearing force will cause circumferential stress on the concrete that may cause splitting that creates cracks. 
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Splitting of concrete may occur along the bars, either in vertical planes as in 

figure (a) or in horizontal plane as in figure (b).  
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The load at which splitting failure develops is a function of:

• The minimum distance from the bar to the surface of the concrete or to the next bar. The smaller the distance, the smaller is the splitting load.

• The tensile strength of the concrete. The higher the tensile strength, the higher is the splitting resistance.

• The average bond stress. The higher the average bond stress, the higher is the splitting resistance.

       If the concrete cover and bar spacing are large compared to the bar diameter, a pullout failure can occur, where the bar and the ring of concrete between successive deformations pullout along a cylindrical failure surface joining the tips of the deformations.
Development Length

      The bars found to be needed at a section from design calculations have to be embedded a certain distance into the concrete. This distance has to be equal or larger than the development length (Ld).
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     The development length Ld is that length of embedment necessary to develop the full tensile strength of the bar (on both sides of sections where fy stress is required), controlled by either pullout or splitting.
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الشكل يوضح كيفية تولد القوى بين الخرسانة وقضبان حديد التسليح
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A) Development length for tension reinforcement ( ACI-Code 318-2011 sec. 12.2.3)
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   The factors used in the expressions for development of deformed bars and deformed wires in tension are as follows:
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The product  (β*α) need not be greater than 1.7.
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Where lightweight concrete is used, [image: image32.png]


 shall not exceed  0.75 unless  fct is specified then [image: image34.png]Iz _ <10
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, Where normal weight concrete is used, λ = 1.0.
 And  cb =  a factor that represents the smallest of the side cover, the cover over the bar or wire (in both cases measured to the center of the bar or wire), or one-half the center-to-center spacing of the bars or wires.
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Cb is the smaller of :
(a) the smallest distance measured  from  the center of the bar to  the nearest concrete surface or (b) one-half the center-to-center spacing of bars being developed.

Ktr = a factor for stirrups that represents the contribution of confining reinforcement across potential splitting planes.
The confinement term  (cb + Ktr )/db shall not be taken greater than 2.5, and
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Where:

 n =  the number of bars or wires being spliced or developed along the plane of splitting. It shall be permitted to use Ktr = 0 as a design simplification even if transverse reinforcement is present.

Atr = 2*Abar for stirrups of U shape and = 4*Abar for UU.

S = max spacing of stirrups along Ld.

      Excess reinforcement Reduction in  Ld shall be permitted where reinforcement in a flexural member is in excess of that required by analysis except where anchorage or development for  fy is specifically required or the reinforcement is designed under provisions of .................... (As required)/(As provided).
The simplest equation for development length and should be not less than 300mm is listed in table below:
 For deformed bars or deformed wire, Ld shall be as follows:
	Spacing and cover
	Bars with diameter 20mm and smaller and deformed wires
	Bars with diameter 22mm and larger and deformed wires

	Clear spacing of bars or wires being developed or spliced not less than db , clear cover not less than db , and stirrups or ties throughout ld not less than the Code minimum or Clear spacing of bars or wires being developed or spliced not less than 2db and clear cover not less than db
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	Other cases
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Ex.1: Find the development length for top bar with [image: image45.png]


18mm bar diameter using light weight aggregate, f’c= 20.7MPa and fy = 345MPa.
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Ex. 2: Determine the development length in tension required for the uncoated bottom bars as shown in the figure. If (a) Ktr is calculated (b) Ktr is assumed = 0.0. Use fc’ = 25 MPa normal weight concrete and fy = 420 MPa  (c) Check if space is available for bar development in the beam shown.
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Solution:

(a) Ktr is calculated 

α=1.0 for bars over concrete < 300mm thick 

β=1.0 for uncoated bars

α β =1.0 <1.7 OK

γ=0.8 for Φ20mm,           

λ=1.0 for normal weight concrete, 

C the smallest of =   40+10+ (20/2) =60 mm

 Or {[400-2(40)-2(10)-2(20/2)]/ (3)}/(2)=46.7 mm

i.e., C is taken as 46.7 mm
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(b) Ktr is assumed =0.0      [image: image53.png]C+Ker _ 46740
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(c ) Check if space is available for bar development.

Available length for bar development = 2000+ 150– 40 = 2110 mm > ld = 524 mm.
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Ex.3: Beam-column joint shown below, according to the analysis the negative area of steel required was 1870mm2 and area of steel provided 2035mm2 (236mm) , using NSC (normal strength concrete) with f’c= 30MPa and fy = 400 MPa.  The web reinforcement was 10mm diameter with spacing of 75mm for the first four stirrups the other with 125mm spacing. Find the cutoff point of negative steel ( for the beam only).
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( a) Using simple equation:

Clear spacing:     [image: image59.png]= 250 —2(50 + 36) = 78mm > 2d,



 side cover 50 mm
Upper cover   [image: image61.png]75—18 =57mm > d,




α=1.3 for top bars over concrete [image: image63.png]


 300mm thick , β=1.0 for uncoated bars

α β =1.3 <1.7 OK

γ=1.0 for bars with Φ36mm, λ=1.0 for normal weight concrete, 
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عليه فمسافة قطع القضبان السالبة هو 1884.4  ملم من وجه العمود.
( b) using exact equation:
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  then use C= 57mm
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Ex.4:  The beam shown, check if:
The area of steel (4  25) is adequate for the bending use f’c= 30MPa and fy= 400 MPa. Then check the development length provided for the bars if the clear cover is 50mm for all sides.
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d = 500 – 50 - 13= 437mm   
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Development length for deformed bars and deformed wire in compression, ldc shall be determined from
                              [image: image86.png]fyxdb
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Where lightweight concrete is used, λ shall not exceed 0.75 unless fct is specified here normal weight concrete is used, λ = 1.0.  Applicable modification factors, but ldc shall not be less than 200 mm.

(a) Reinforcement in excess of that required by analysis... (As required)/(As provided)
(b) Reinforcement enclosed within spiral reinforcement not less than 6 mm diameter and not more than 100 mm pitch or within bars of 12mm diameter ties in conformance with sec. 7.10.5 and spaced at not more than 100 mm on center.. 0.75
Ex.5: Find the development length for dowel bars for the separate footing shown and check the provided length inside the footing for the bars, use f’c 30 MPa and fy = 400MPa.
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   Lprovided= 600 - (75+50) = 475mm more than 383.4mm o.k.
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   تستخدم الكلاليب لتثبيث قضبان الشد عندما لاتتوفر مسافة كافية لمدها بصورة مستقيمة الى الطول المطلوب (طول التثبيت المناسب). ويعتبر الكلاب عديم الفائدة لاغراض تثبيت قضبان الانضغاط ولايؤخذ بنظر الاعتبار حتى لو كان موجودا.
ACI 318 Code - 7.1 - Standard hooks: The term “standard hook” as used in this Code shall mean one of the following:

 7.1.1- 180-degree bend plus 4db extension, but not less than 65 mm at free end of bar.

7.1.2 — 90-degree bend plus 12db extension at free end of bar.
7.1.3 — For stirrup and tie hooks:
  (a) No. 16 bar and smaller, 90-degree bend plus 6db extension at free end of bar 

   (b) No. 19, No. 22, and No. 25 bar, 90-degree bend plus 12db extension at free  end of bar; 

  (c) No. 25 bar and smaller, 135-degree bend plus 6db extension at free end of bar.
7.2 — Minimum bend diameters :  All reinforcement shall be bent cold, unless

otherwise permitted by the licensed design professional.
7.2.1- Diameter of bend measured on the inside of the bar, other than for stirrups  and ties in sizes No. 10 through No. 16, shall not be less than the values in Table 7.2.

7.2.2- Inside diameter of bend for stirrups and ties shall not be less than 4db for No. 16 bar and smaller. For bars larger than No. 16, diameter of bend shall be in accordance with Table 7.2.

7.2.3- Inside diameter of bend in welded wire reinforcement for stirrups and ties   shall not be less than 4db for deformed wire larger than MD40 and 2db for all other wires. Bends with inside diameter of less than  8db shall not be less than  4db from nearest welded intersection.
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 — Development length for deformed bars in tension terminating in a standard hook  ldh,  shall not be less than the larger of 8db and 150 mm.
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— with β taken as 1.2 for epoxy-coated reinforcement, and  λ taken as 0.75 for lightweight concrete. For other cases, β and λ shall be taken as 1.0.

12.5.3 — Length ldh shall be permitted to be multiplied by the following applicable factors:

(a) For No. 36 bar and smaller hooks with side cover (normal to plane of hook) not less than 65 mm, and for 90-degree hook with cover on bar extension beyond hook not less than 50 mm....................... 0.7

(b) For 90-degree hooks of No. 36 and smaller bars that are either enclosed within ties or stirrups perpendicular to the bar being developed, spaced not greater than  3db along ldh; or enclosed within ties or stirrups parallel to the bar being developed, spaced not greater than 3db along the length of the tail extension of the hook plus bend .................... 0.8

(c) For 180-degree hooks of No. 36 and smaller bars that are enclosed within ties or    stirrups perpendicular to the bar being developed, spaced not greater than 3db 

along ldh ...................................................... 0.8

(c) Where anchorage or development for fy is not specifically required, reinforcement in excess of that required by analysis ....... (As required)/(As provided)

In (b) and (c),  db is the diameter of the hooked bar, and the first tie or stirrup shall enclose the bent portion of the hook, within 2db of the outside of the bend.
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12.5.4 — For bars being developed by a standard hook at discontinuous ends of  members with both side cover and top (or bottom) cover over hook less than 65 mm, the hooked bar shall be enclosed within ties or stirrups perpendicular to the bar being developed, spaced not greater than 3db along ldh. The first tie or stirrup shall enclose the bent portion of the hook, within 2db of the outside of the bend, where db is the

diameter of the hooked bar. For this case, the factors of 12.5.3(b) and (c) shall not apply.
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Ex. 6: The beam shown with f’c 30 MPa and fy = 300MPa, calculate the development length for bars and check the provided length in side the beam ( the side cover is 60mm) if the bars are: Straight bars, Bend with 90 degree, Bend with 180 degrees.
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الطول المتوفر داخل العتبة 
1600-50 =1550[image: image106.png]> 1075 mm



 

اما الطول المتوفر داخل العمود فهو لايكفي لذا نستعمل كلاليب.
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لان الغطاء الصافي للامتداد 50mm  والغطاء الجانبي 60mm نضرب في المعامل (0.7)  =
[image: image109.png]lgr = 328.6* 0.7 = 230mm = 200mm = 150mm




L provided = 500 -50 = 450mm > 230 mm o.k.
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Ex. 7: Check the development length for negative steel inside the column for (Ex.2) if there is not enough length use 90 degree use hook with cover 50mm, the column width was 400mm and for beam was 250mm, f’c= 30MPa and fy = 400MPa.
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 Clear cover =50mm and side cover more than 60mm so using factor = 0.7 and 0.92 for excess steel are then:

    [image: image113.png]lgr = 630+ 0.7 +0.92 = 405.7 mm




Ld provided = 525 -50 = 475mm > 405.7mm o.k. 
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Ex. 8: Determine the development length or anchorage required for the epoxy-coated top bars of the beam shown in the figure. The beam frames into an exterior 80cm x 30cm column (the bars extend parallel to the 80 cm side). Show the details if: a) If a 180-degree hook is used, b) If a 90-degree hook is used
[image: image203.png]


Use fc’ = 28 MPa and  fy = 420 MPa
α=1.3 for bars over concrete larger then 300mm thick 

β=1.5 for uncoated bars  α β =1.3*1.5=1.95 use 1.7 

γ=1.0 for Φ32mm, λ=1.0 for normal weight concrete, 

C the smallest of =   40+12+16 = 68 mm

 Or {[400-2(40)-2(12)-32]/(3)}/(2)=44 mm

i.e., C is taken as 44 mm
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Available length =800-40= 760mm [image: image119.png]
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Thus use hook at column side.
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Critical section for flexural reinforcement and development length:

12.10 — Development of flexural reinforcement — General

 12.10.1- Development of tension reinforcement by bending across the web to be anchored or made continuous with reinforcement on the opposite face of member shall be permitted.

12.10.2 — Critical sections for development of reinforcement in flexural members are at points of maximum stress and at points within the span where adjacent

        reinforcement terminates, or is bent. Provisions of 12.11.3 must be satisfied.

12.10.3 — Reinforcement shall extend beyond the point at which it is no longer required to resist flexure for a distance equal to d or 12db, whichever is greater,

        except at supports of simple spans and at free end of cantilevers.
12.10.4 — Continuing reinforcement shall have an embedment length not less than  ld beyond the point where bent or terminated tension reinforcement is no longer required to resist flexure.
12.10.5 — Flexural reinforcement shall not be terminated in a tension zone unless 12.10.5.1, 12.10.5.2, or12.10.5.3 is satisfied.

12.10.5.1 — Vu at the cutoff point does not exceed (2/3)φVn.

12.10.5.2 — Stirrup area in excess of that required for shear and torsion is provided along each terminated bar or wire over a distance (3/4)d from the termination point. Excess stirrup area shall be not less than 0.41bws/fyt . Spacing s shall not exceed d/(8βb).

12.10.5.3 — For No. 36 bars and smaller, continuing reinforcement provides double the area required for flexure at the cutoff point and Vu does not exceed (3/4)φVn.

12.10.6 - Adequate anchorage shall be provided for tension reinforcement in flexural members where reinforcement stress is not directly proportional to moment, such as: sloped, stepped, or tapered footings; brackets; deep flexural members; or members in which tension reinforcement is not parallel to compression face.
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  12.11 — Development of positive moment reinforcement
12.11.1 — At least one-third the positive moment reinforcement in simple members and one-fourth the positive moment reinforcement in continuous members shall extend along the same face of member into the support. In beams, such reinforcement shall extend into the support at least 150 mm.

12.11.3 — At simple supports and at points of inflection, positive moment tension reinforcement shall be limited to a diameter such that  ld computed for  fy by  12.2 satisfies Eq. (12-5); except, Eq. (12-5) need not be satisfied for  reinforcement terminating beyond centerline of simple supports by a standard hook, or a mechanical anchorage at least equivalent to a standard hook.
[image: image131.png]sty (123)




where:

Mn:  is calculated assuming  all reinforcement at the section to be stressed to fy;

Vu : is calculated at the section;

la  :at a support shall be the embedment length beyond center of support; or

la : at a point of inflection shall be limited to d or 12db, whichever is greater.

An increase of 30 percent in the value of Mn /Vu shall be permitted when the ends of reinforcement are confined by a compressive reaction.
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12.12 — Development of negative moment reinforcement

12.12.1- Negative moment reinforcement in a continuous, restrained, or cantilever member, or in any member of a rigid frame, shall be anchored in or through the supporting member by embedment length, hooks, or mechanical anchorage.

12.12.2- Negative moment reinforcement shall have an embedment length into the span as required by 12.1 and 12.10.3.
12.12.3- At least one-third the total tension reinforcement provided for negative moment at a support shall have an embedment length beyond the point of inflection not less than d, 12db, or ln/16, whichever is greater.
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ان عملية قطع او ثني الحديد تتطلب حسابات طويلة ودقيقة ومعظم المصممين يعتمدون على الخبرة والشكل ادناه يوضح نقاط القطع التقريبية المعتمدة. 
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Ex.9: The beam shown supports service dead load including its own weight 20kN/m and service live load 18kN/m. using 525mm at critical section, two bars were cut-off determine: 1- Actual point of cut-off , 2- Development length for continuous steel . (f’c =20 MPa and fy = 350MPa)
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[image: image138.png]1.2+ 20+ 1.6+18 =52.8kN/m
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As required  = 0.00998 *300 * 530 = 1586.1 mm2

As provided= 5 * [image: image147.png]=252

= 24544 mm?2
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d or 12db = 530   or  12*25 =300mm, 
Then Ld required cut-off at = 1138+530= 1668mm
3 bars continuous As = 3 * [image: image150.png]=252

= 1473 mm2
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  [image: image156.png]1584 v

then y=52.8x



   area of shear equal the difference of moment 
[image: image157.png]237.6—2232=1528

then x = 0.738m from center line of beam




The actual point of cut-off =3- 0.738 = 2.262m from face of support.
For continuous bars 1.668m less than 2.262m .
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Fig. R12.5.3(b)—Ties or stirrups placed parallel to the bar
being developed, spaced along the length of the tail extension
of the hook plus bend.



Ex.10: check the adequacy of cut-off point shown if the ultimate dead load including its own weight 40 kN/m and the ultimate live load 56 kN/m, use f’c =25MPa and fy = 400MPa.

[image: image158.png]40+ 56 =96 kN/m
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For point (1):
As (–ve) provided= 5 * [image: image162.png]=282

= 3080 mm2
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As required  = 0.01407 *350 * 530 = 2609.985 mm2
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Ld = 2.22 +d or 12db = 2.22 + 0.53 = 2.76m
Ld provided 1.3 m less than required 2.76m but  point (2) Ld= 2.8m is o.k.

For point (3):

As (–ve) provided= 3* [image: image171.png]w28t o, =250

= 2829 mm2
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As required = 0.00738 *350 * 530 = 1368.99 mm2
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Ld = 975.56 + 530 =1505mm
Ld provided for point (3) = 3.75 - 1.2 = 2.55 more than required.

For point (4) Ld provided= 2.25 - 1.2 =[image: image180.png]


 1.505 m o.k.

[image: image181.png]Anchorage of Web Reinforcement g Yl





12.13 — Development of web reinforcement

12.13.1 — Web reinforcement shall be as close to the compression and tension surfaces of the member as cover requirements and proximity of other reinforcement permits.

12.13.2 — Ends of single leg, simple U-, or multiple U-stirrups shall be anchored as required by 12.13.2.1 through 12.13.2.5.
12.13.2.1 — For No. 16 bar and MD200 wire, and smaller, and for No. 19, No. 22, and No. 25 bars with fyt of 280 MPa or less, a standard hook around longitudinal reinforcement.

12.13.2.2 — For No. 19, No. 22, and No. 25 stirrups with fyt greater than 280 MPa, a standard stirrup hook around a longitudinal bar plus an embedment between mid height of the member and the outside end of the hook equal to or greater than 
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12.14 — Splices of reinforcement — General

12.14.1 — Splices of reinforcement shall be made only as required or permitted in contract documents, or as authorized by the licensed design professional.

12.14.2 — Lap splices

12.14.2.1 — Lap splices shall not be used for bars larger than No. 36 except as provided in 12.16.2 and 15.8.2.3.

12.14.2.2 — Lap splices of bars in a bundle shall be based on the lap splice length required for individual bars within the bundle, increased in accordance with

12.4. Individual bar splices within a bundle shall not overlap. Entire bundles shall not be lap spliced.

12.14.2.3 — Bars spliced by noncontact lap splices in flexural members shall not be spaced transversely farther apart than the smaller of one-fifth the required lap splice length, and 150 mm.
12.15 — Splices of deformed bars and deformed wire in tension
12.15.1 — Minimum length of lap for tension lap splices shall be as required for Class A or B splice, but not less than 300 mm, where:

Class A splice................................................... 1.0ld

Class B splice................................................... 1.3ld

Where:  ld is calculated in accordance with  12.2 to develop fy, but without the 300 mm minimum of 12.2.1 and without the modification factor of 12.2.5.
12.15.2 — Lap splices of deformed bars and deformed wire in tension shall be Class B splices except that Class A splices are allowed when:
(a) the area of reinforcement provided is at least twice that required by analysis over the entire length of the splice; and

(b) one-half or less of the total reinforcement is spliced within the required lap length.

12.15.3 — When bars of different size are lap spliced in tension, splice length  shall be the larger of  ld  of larger bar and tension lap splice length of smaller bar.
[image: image188.png]Clear spacing

Clear spacing
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Fig. R12.15.1—Clear spacing of spliced bars.

TABLE R12.15.2 — TENSION LAP SPLICES

Maximum percent of A, spliced within
required Iap léngth
50 100
Equal 0 or greater than 2 Class A Class B
Less than 2 ClassB Class B

[Ratio of area of reinforcement provided 1o area of renforcement required by analysis i
splice locations.





12.16 — Splices of deformed bars in compression
12.16.1 — Compression lap splice length shall be 0.071fydb, for fy of 420 MPa or less, or (0.13fy – 24) db for  fy greater than 420 MPa, but not less than 300 mm. For fc ′  less than 21 MPa, length of lap shall be increased by one-third.
12.16.2 — When bars of different size are lap spliced in compression, splice length shall be the larger of ldc of larger bar and compression lap splice length of smaller bar. Lap splices of No. 43 and No. 57 bars to No. 36 and smaller bars shall be permitted.
	F'c > 21Mpa
	[image: image189.png]For fy <420Mpa  Ls=0.071fy+d,




[image: image190.png]For fy >420Mpa Ls= (0.13fy—24)+*d, = 300mm






	F'c < 21Mpa
	[image: image191.png]For fy <420Mpa Ls= 133+0071fy*d,




[image: image192.png]For fy >420Mpa Ls=133*(0.13fy—24)+d, = 300mm







12.17 — Splice requirements for columns
12.17.1-Lap splices, mechanical splices, butt-welded splices, and end-bearing splices shall be used with the limitations of 12.17.2 through 12.17.4. A splice       shall satisfy requirements for all load combinations for the column.
12.17.2.2 — Where the bar stress due to factored loads is tensile and does not exceed 0.5fy in tension, lap splices shall be Class B tension lap splices if more       than one-half of the bars are spliced at any section, or Class A tension lap splices if half or fewer of the bars are spliced at any section and alternate lap splices are

      Staggered by ld.

12.17.2.3 — Where the bar stress due to factored loads is greater than 0.5fy in tension, lap splices shall be Class B tension lap splices.

12.17.2.4 — In tied reinforced compression members, where ties throughout the lap splice length have an effective area not less than 0.0015hs in both directions, lap splice length shall be permitted to be multiplied by 0.83, but lap length shall not be less than 300 mm. Tie legs perpendicular to dimension h shall be used in determining effective area. 

12.17.2.5 — In spirally reinforced compression members, lap splice length of bars within a spiral shall be permitted to be multiplied by 0.75, but lap length shall not be less than 300 mm.
Ex. 11: For Ex.1, design the splice for the column above the beam the transverse reinforcement, are with 12mm diameter @400mm c/c. assume all the bars are compression and required steel equal the provided.
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For different size bars in splice use Ldc for larger diameter and Ls for smaller then for 36mm Ldc:
[image: image194.png]> 0.043 = fy = db = 300mm





[image: image195.png]=630.97mm = 0.043+ 400+ 36 = 604.8mm = 300mm




For bars with 32mm find ls:
[image: image196.png]Ls =0.071fy+d, = 0.071+ 400+ 32 =908.8mm




Check using factor 0.83 we need additional area so:

[image: image197.png]Area= 0.0015+ h+s=0.0015+400+525=315mm* > 2+ 115 = 226mm’




No need for factor using and Ls= 908.8mm use 910mm.
Ex.12: for Ex. 4, fine splice length for the column bars with the dowels bars above the footing and the transverse reinforcement are with 12mm diameter @300mm c/c. 
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[image: image199.png]Ls =0.071fy+d, = 0.071* 350 %25 =621mm = 300mm
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Ls = 621 * 0.83 = 515.4 mm
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Ls = 515.4 + 475 = 990.4mm
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