
1     SHOTCRETE

A     GENERAL

i)        SHOTCRETE MATERIALS, PRODUCTION, METHOD OF APPLICATION, TEMPERATURE CONTROL AND

TESTING IN GENERAL, SHALL CONFORM TO APPLICABLE INDIAN STANDARDS IS: 269, IS: 383, IS: 456,

IS: 8112, IS: 1489, IS: 8041, IS: 455, IS: 8043 IS:9012, IS: 9103, IS: 516 OR, WHERE NOT COVERED BY

THESE STANDARDS TO THE EQUIVALENT INTERNATIONAL STANDARDS.

ii)        SHOTCRETE FOR THE PURPOSE OF THIS WORK IS DEFINED AS MORTAR OR CONCRETE CONVEYED

THROUGH A HOSE AND PROJECTED AT HIGH VELOCITY ON TO A SURFACE; ALSO KNOWN AS AIR-

BLOWN MORTAR, ALSO PNEUMATICALLY APPLIED MORTAR OR CONCRETE, SPRAYED MORTAR AND

GUNNED CONCRETE.

iii)      IN DRY MIX SHOTCRETE INGREDIENTS i.e. CEMENT AND MOIST SAND ARE WEIGH BATCHED, MIXED

DRY AND CONVEYED THROUGH THE DELIVERY HOSE TO NOZZLE WHERE WATER IS ADDED. SET

ACCELERATORS AND/OR ADMIXTURES, WHERE SPECIFIED, CAN BE INTRODUCED AT NOZZLE, IF

APPLIED IN LIQUID FORM; OR ADDED DURING DRY MIXING, IF APPLIED IN POWDER FORM.THE

MORTAR SO OBTAINED SHALL BE JETTED FROM THE NOZZLE AT HIGH VELOCITY ON TO THE

SURFACE TO BE SHOTCRETED.

iv)      IN WET MIX SHOTCRETE, ALL MATERIALS INCLUDING CEMENT, AGGREGATES ARE WEIGH BATCHED

AND MIXED TOGETHER WITH WATER AND ADMIXTURES, BUT WITHOUT ACCELERATORS, TO

PRODUCE  MORTAR OR CONCRETE. THE MIXTURE IS THEN CONVEYED BY POSITIVE DISPLACEMENT

(OR COMPRESSED AIR) TO A NOZZLE WHERE AIR AND ACCELERATOR AND/OR ADMIXTURES ARE

INJECTED TO INCREASE VELOCITY AND PROJECTED WITHOUT INTERRUPTION INTO PLACE.

v)      SHOTCRETE SHALL HAVE MINIMUM COMPRESSIVE CUBE STRENGTH OF 10 MPa AT 3 DAYS, 15MPa AT 7

DAYS AND 25 MPa AT 28 DAYS. THE STRENGTH AND WORKABILITY REQUIREMENT SHALL BE

ESTABLISHED BY APPROPRIATE MIX DESIGN AND SUBSEQUENT  LAB./INSITU TESTS ON THE TEST

PANELS AT THE ACTUAL SITE(S) OF APPLICATION (FOR ALL ROCKTYPES ENCOUNTERED DURING

EXCAVATION). INTENDED ADMIXTURES, OTHER INGREDIENTS SHALL ALSO BE USED IN SPECIFIED

QUANTITY IN THESE TRIAL MIXES TO ARRIVE AT OPTIMUM QUANTITIES OF ALL INGREDIENTS.

B.   MATERIALS / EQUIPMENT

i)      THE CEMENT SHALL BE ANY OF THE FOLLOWING, WITH THE PRIOR APPROVAL OF THE

ENGINEER-IN-CHARGE.

(a) ORDINARY OR LOW HEAT PORTLAND CEMENT CONFORMING TO IS: 269-1976.

ii)     COARSE AND FINE AGGREGATES SHALL CONFORM TO IS: 383 SPECIFICATIONS. SAND SHALL BE

GRADED EVENLY FROM FINE TO COARSE AS PER ZONE II AND ZONE III GRADING OF IS: 383. SAND FOR

FINISH OR FLASH COATS MAY BE FINER THAN THE ABOVE GRADING. HOWEVER, DRYING SHRINKAGE

MUST BE WITHIN SPECIFIED LIMITS.

iii)    FOR VARIOUS NOMINAL MAXIMUM SIZES OF COARSE AGGREGATE, PERCENTAGE BY MASS PASSING

SHALL BE AS UNDER:-

       IS SIEVE DESIGNATION                 PERCENTAGE BY MASS PASSING

(mm)    10mm 12.5mm 20mm

       25        -      - 100  

       20        -    100 90-100

       12.5       100     90-100         -

       10        85-100     40-70 20-55

       4.75       10-30          0-15         0-10

       2.36       0-10            0-5           0-5

       1.18       0-5                -               -

iv)    WATER SHALL BE CLEAN AND FREE FROM INJURIOUS AMOUNTS OF OILS, ACIDS, ALKALIZES, SALTS,

SUGAR, ORGANIC MATERIALS OR OTHER SUBSTANCES THAT MAY BE DELETERIOUS TO SHOTCRETE,

WIREMESH OR FIBERS AND OTHER INGREDIENTS AND CONFORM TO IS: 456-2000.

v)    ADMIXTURES SUCH AS SUPERPLASTICISERS, HYDRATION CONTROL ADMIXTURES ETC. SHALL BE USED

ONLY WHEN SO SPECIFIED. ADMIXTURES WHEN SPECIFIED, SHALL MEET THE REQUIREMENTS OF IS:

456 AND IS: 9103. ALL ADMIXTURES SHALL BE GOT APPROVED FOR ADEQUACY AND COMPATIBILITY

FROM THE LABORATORY SPECIFIED BY THE ENGINEER-IN-CHARGE PRIOR TO ACTUAL USE AT WORK.

vi)  AIR AND SUPPLY LINES USED FOR SPRAYING SHOTCRETE SHALL BE CLEAN AND FREE FROM ANY

GREASY MATERIAL SUCH AS OIL ETC.

vii)   IT SHALL BE ENSURED THAT ALL MATERIALS ARE AS SPECIFIED, USED ON THE WORK WITHIN THEIR

RESPECTIVE EFFECTIVE LIFE SPAN W.R.T. MANUFACTURING DATE.

viii)  BATCHING PLANT SHALL BE CAPABLE OF MAINTAINING DESIRED ACCURACY. THE MIXING PLANT SHALL

BE CAPABLE OF THOROUGHLY MIXING THE SPECIFIED MATERIALS IN SUFFICIENT QUANTITY TO

MAINTAIN CONTINUOUS PLACING. THE WET MIX DELIVERY EQUIPMENT SHALL BE OF A DESIGN AND

SIZE WHICH CAN DELIVER THE PREMIXED MATERIAL ACCURATELY, UNIFORMLY AND CONTINUOUSLY.

THE EQUIPMENT SELECTED FOR EACH OPERATION SHALL BE SUCH THAT IT CAN SUFFICIENTLY

HANDLE THE LIMITS (UPPER AND LOWER) OF QUANTITIES TO BE HANDLED FOR EACH OPERATION.

SUCH LIMITS SHALL BE WORKED OUT BY THE CONTRACTOR AND APPROVED BY THE

ENGINEER-IN-CHARGE. RECOMMENDATIONS OF THE EQUIPMENT MANUFACTURER WITH  REGARD TO

THE TYPE AND SIZE OF NOZZLE TO BE USED, THE DIRECTIONS FOR USE OF SUCH EQUIPMENT AND ITS

SUBSEQUENT MAINTENANCE SHALL BE STRICTLY FOLLOWED TO ENSURE QUALITY WORK.

ix)       AIR COMPRESSOR SHALL BE CAPABLE OF KEEPING UP A SUPPLY OF CLEAN AIR ADEQUATE FOR

SIMULTANEOUS OPERATION OF A BLOW PIPE FOR CLEANING AWAY REBOUND ALSO. IN DRY MIX

PROCESS, THE AIR PRESSURE AT THE GUN SHALL BE 0.3 N/mm² OR MORE. WHERE THE LENGTH

EXCEEDS 30m, (THE PRESSURE SHALL BE INCREASED BY 0.035 N/mm². FOR EACH ADDITIONAL 15m OF

HOSE REQUIRED AND BY 0.035 N/mm² FOR EACH 7.5m THAT THE NOZZLE IS RAISED ABOVE THE GUN).

x)       WATER PRESSURE SHALL BE SUFFICIENTLY HIGHER THAN OPERATING AIR PRESSURE, AND IF

REQUIRED, ADDITIONAL PUMP(s) SHALL BE INTRODUCED IN TO THE LINE TO MAINTAIN THE SAME.

WATER PRESSURE SHALL BE UNIFORMLY STEADY (NON-PULSATING).

xi)      ADEQUATE STOCKPILES OF MATERIAL FOR SHOTCRETE FOR IMMEDIATE USE IN CASES OF

EMERGENCY SHALL BE MAINTAINED.

C.    PROPORTIONING

i)      PRIOR TO ACTUAL APPLICATION AT SITE, REQUISITE PROPORTIONING OF THE

INGREDIENTS (CEMENT, AGGREGATES, WATER ACCELERATOR AND ADMIXTURES) SHALL

BE FINALISED BY A PROPERLY DESIGNED MIX OF ADEQUATE STRENGTH AND PROPERTIES

IN AN APPROVED LABORATORY AND TRIAL CHECK AT SITE (REFER NOTE 1(V)).

ii)     ALL INGREDIENTS SHALL BE WEIGH BATCHED.

iii)    WATER CEMENT RATIO FOR SHOTCRETE MIX SHALL BE KEPT BETWEEN 0.45 BY MASS.

iv)    FOR THE DRY MIX SHOTCRETE, THE QUANTITY OF CEMENT SHALL NOT BE LESS THAN 400

kg/m³.

v)     UNLESS OTHERWISE APPROVED BY THE EMPLOYER, THE PERCENTAGE OF FINE AND

COARSE AGGREGATES SHALL CONFORM TO THE GRADING AS GIVEN BELOW.

       IS SIEVE SIZE (mm)                                              PERCENTAGE BY MASS PASSING

       (SQUARE MESH)

       9.5      90 - 100

       4.75               73 - 100

       2.36     55 - 90

       1.18     37 - 72

       0.60     22 - 50

       0.30     11 - 26

       0.15     4 - 12

       0.075     2

vi)    PROPORTION OF ADMIXTURE SHALL VARY BETWEEN 2% TO 7% BY WEIGHT OF CEMENT OR

AS FINALIZED HEREIN AFTER BASED ON TEST RESULTS, PRIOR TO ANY SHOTCRETE

WORK. (REFER NOTE 1 (iv) & (v) ).

vii)   MOISTURE CONTENT OF THE COMBINED AGGREGATES AT THE TIME OF MIXING WITH

CEMENT SHALL BE BETWEEN 3% TO 6% BY WEIGHT.

viii)  CEMENT SHALL BE ADDED NOT MORE THAN 90 MINUTES BEFORE APPLICATION. MIXES,

WHICH ARE NOT APPLIED WITHIN 90 MINUTES OF ADDING CEMENT, SHALL NOT BE USED

AND SHALL BE DISCARDED. ADMIXTURE / ADDITIVES SHALL BE ACCURATELY

PROPORTIONED. THE TIME SPAN SHALL BE KEPT AS SHORT AS POSSIBLE, ESPECIALLY AT

SEASONS WITH HIGH AIR TEMPERATURES AND HIGH HUMIDITY. THE MIXING TIME SHALL BE

NOT LESS THAN 60 SECONDS.

ix)    FOR EACH TYPE OF ACCELERATING ADMIXTURE FOUND SUITABLE BY PRECEDING

LABORATORY TESTS, A TRIAL MIX SHALL BE SPRAYED INTO TEST PANELS (3 Nos. 500 x 500

x 200mm PER TRIAL MIX), CURED UNDER SITE CONDITIONS & SHALL BE SUBJECT TO TESTS.

AS DESCRIBED HERE UNDER ATLEAST 3 DIFFERENT DOSAGE RATES SHALL BE VARY

BETWEEN 2% & 7% OF THE CEMENT WEIGHT. THE AMBIENT TEMPERATURE SHALL BE IN

ACCORDANCE WITH THE ACTUAL CONDITIONS IN WHICH SHOTCRETE IS APPLIED. CORES

SHALL BE TAKEN FROM THE PANEL FOR TESTING AND TESTED FOR COMPRESSION AT

APPROPRIATE TIME AS PER RELEVANT STANDARD AND AS DIRECTED BY

ENGINEER-IN-CHARGE. DIA. OF CORES SHALL BE 100mm & BE CUT TO A HEIGHT OF 100mm.

x)    ACCELERATOR DOSAGE SHALL BE MINIMUM, AND NOT TO EXCEED 5% BY WEIGHT OF

CEMENT MATERIAL. TESTING OF ACCELERATOR WITH REGARD TO SETTING TIME AND

EARLY STRENGTH GAIN SHALL BE IN ACCORDANCE WITH THE FOLLOWING TIME /

STRENGTH LIMITS.

      a)  INITIAL SET OF CEMENT / ADMIXTURES PASTE                 -             75 SECONDS

              FINAL SET OF CEMENT / ADMIXTURE PASTE                     -             150 SECONDS

        b)   3- HOURS STRENGTH OF SHOTCRETE                               -              0.7 N/mm²

              8- HOURS STRENGTH OF SHOTCRETE                               -              4.0 N/mm²

              24- HOURS STRENGTH OF SHOTCRETE                             -              8.0 N/mm²

        ACCELERATOR SHALL BE SELECTED SUCH THAT AT CHOSEN DOSAGE FOR USE IN THE

WORKS, THE DECREASE IN STRENGTH AT AN AGE OF 28 DAYS, COMPARED WITH THE BASE

CONCRETE WITHOUT ANY ACCELERATOR, DO NOT EXCEED 15%.

xi)    SHOULD THE TYPE OF CEMENT, ADMIXTURES OR NATURE OF AGGREGATE (E.G. SOURCE,

ROCK TYPE, SHAPE ETC.) CHANGE FROM THAT USED IN TRIAL MIX TESTS, THE MIX SHALL

BE RE-DESIGNED USING NEW MATERIALS.
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L.    WIREMESH

i      GENERAL REQUIREMENTS

 

WELDED WIRE FABRICS (WIRE MESH) ARE THE STANDARD REINFORCEMENT FOR 

 

SHOTCRETE, SERVE AS

REINFORCEMENT, FACILITATE THE APPLICATION OF 

 
SHOTCRETE AND IMPROVE THE POST-FAILURE

BEHAVIOUR OF SHOTCRETE. SMALL 

 
WIRE DIAMETERS OF THE WIRE MESH ENABLE THE INSTALLATION OF

WIRE MESH IN 

 
CORRESPONDANCE WITH THE EXCAVATION CONTOURS.

ii.    MATERIALS & EQUIPMENT

WIRE MESH 100 x 100 mm, 6 mm DIA. SHALL BE USED. IT SHALL CONSIST OF STRUCTURAL 

 
STEEL WITH

MINIMUM YIELD STRENGTH OF 500 N/mm². WELDED WIRE FABRIC 

 
CONFORMING TO IS: 1566 MAY BE USED.

WELDED WIRE FABRIC SHALL BE STORED 

 
UNDER COVER, RACKED, SYSTEMICALLY AS NECESSARY AND

PROTECTED FROM ALL 

 
AGGRESSIVE ELEMENTS TO THE APPROVAL BY EMPLOYER. BEFORE WIRE FABRIC IS

LAID, ANY LOOSE RUST AND ANY OIL, GREASE, SALT CONTAMINATION, PRODUCTS AND 

 
CAUSES OF PITTING

OR OTHER DELETERIOUS MATTER SHALL BE REMOVED FROM IT, BY 

 
GRIT BLASTING, MECHANICAL WIRE -

BRUSHING AND OR WASHING. THE METHODS OF 

 
REMOVAL TO BE ADOPTED WILL DEPEND ON THE DEGREE

OF CONTAMINATION AND OR 

 
CORROSION AND SHALL BE TO THE APPROVAL OF EMPLOYER. PARTIALLY SET

SHOTCRETE, WHICH MAY HAVE ADHERED TO EXPOSED BARS DURING PREVIOUS SHOTCRETING

OPERATIONS, SHALL LIKE WISE BE REMOVED.

iii.    CLEARANCE

THE MINIMUM WIRE MESH SPACING SHALL BE 50 x 50 mm. WIRE SPACING SHOULD BE AS 

 

WIDE AS   POSSIBLE

TO ALLOW SHOTCRETE TO BE BUILT UP BEHIND. CLEAR SPACING 

 

BETWEEN PARALLEL BARS SHALL BE

ATLEAST 65 mm. LAPS FOR WIRE FABRIC SHALL 
 
RECEIVED SPECIAL ATTENTION TO PREVENT WEAK

SECTIONS IN THE SHOTCRETE. OVERLAPS IN WIREMESH SHALL NOT BE LOSS THAN 300mm. WIRE 

 
MESH

SHALL BE LAPPED 1

1

2

  SQUARES IN ALL DIRECTIONS.

2.  ROCK BOLTS

1. ROCK BOLT SHALL BE FULLY GROUTED OF GRADE Fe-500.

2. HOLE FOR ROCK BOLT SHALL BE DRILLED ALONG THE SPECIFIED DIRECTION, PREFERABLY BY

PERCUSSION DRILLING.

3. DIAMETER OF HOLE SHALL BE AS SPECIFIED FOR DIFFERENT TYPES OF BOLTS. HOWEVER, WHERE

FULL-COLUMN GROUTING IS SPECIFIED WITH THE HELP OF INJECT AND RETURN TUBES THE HOLE DIA,

EXCEPT FOR ANCHORAGE LENGTH, SHALL HAVE TO BE SUITABLY INCREASED TO ACCOMMODATE THESE

TUBES.

4. DIRECTION OF PATTERN BOLTING, WHERE SPECIFIED, COULD BE SLIGHTLY ADJUSTED WHICH SHALL BE

AS GOVERNED BY SITE CONDITION / REQUIREMENTS AND DECIDED IN CONSULTATION WITH GEOLOGIST.

HOWEVER, WHERE SITE CONDITION WARRANT, ADDITIONAL DIRECTIONAL ROCK BOLTS MAY BE REQUIRED

TO IMPART STABILITY TO THE ROCK MASS AND ARREST THE MOVEMENT ALONG WEAK

PLANES/DISCONTINUTIES.

5. DIAMETER OF HOLE SHALL BE AS SPECIFIED. HOWEVER IN SOFTER ROCKS, THE DIA OF HOLE MAY HAVE

TO BE INCREASED FOR BETTER BOND STRENGTH TO MEET THE REQUIREMENT OF END ANCHORAGE

BASED ON THE RESULTS OF EFFICACY TESTS. IN SUCH CASES THE ADVICE OF GEOLOGIST SHALL BE

OBTAINED.

6. DRILL HOLES MUST BE CLEANED JUST PRIOR TO INSTALLATION OF THE BOLT TO REMOVE SLUDGE, ROCK

DUST, PARTICLES AND DEBRIS PRESENT IN THE HOLE. CLEANING CAN BE ACCOMPLISHED BY

INTRODUCING COMPRESSED AIR @ 50 psi AT THE BACK OF THE HOLE OR BY WASHING WITH WATER (IF

THE ROCK IS WASHABLE) AND THEN MADE DRY BY COMPRESSED AIR.

7. ROCK SURFACE BENEATH THE BEARING PLATE SHALL BE CHIPPED SMOOTH AND COVERED WITH THIN

CUSHION OF SMOOTH CEMENT (QUICK SET) : SAND MORTAR (1:1). WHEN THE BEARING SURFACE IS NOT

PERPENDICULAR TO THE HOLE AXIS, BEVEL WASHERS SHALL BE PLACED BETWEEN PLATE AND NUT TO

ENSURE A UNIFORM BEARING SURFACE FOR THE NUT, NORMAL TO AXIS ROCK BOLT.

8. ALL ROCK  BOLTS SHALL BE CLEANED OF DIRT, DETRIMENTAL RUST, GREASE OR ANY OTHER

DELETERIOUS MATERIAL TO ENSURE PROPER BOND WITH GROUT.

9. ALL THREADED PARTS OF THE BOLT SYSTEM SHALL BE TREATED WITH A BASE LUBRICANT, SUCH AS

MOLYBDENUM.

10. SIZE OF BEARING PLATE SHALL BE OF 150mm x 150mm x 8mm.
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