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Unit symbols and unit conversion figures  formula

conversi
on 

conversion table conversion standard conversion conversion table conversion standard

N = kgf * 
9.8 N kgf 1N ≒ 0.1kgf

N/m2 = 
kgf/cm2 * 
98000

N/m2 N/cm2 N/mm2 kgf/cm2 kgf/mm2 1N/mm2 ≒
10kgf/cm
2

1 0.102 10N ≒ 1kgf
N/m2 = 
kgf/mm2 
* 980000

1 0.0001 0.000001 0.0000102 0.000000102 10N/mm
2 ≒

100kgf/c
m2

9.8 1 100N ≒ 10kgf
N/mm2 = 
kgf/cm2 * 
0.098

10000 1 0.01 0.102 0.00102 100N/m
m2 ≒

1000kgf/
cm2 = 
1tf/cm2

1kN = 
1000N ≒ 100kgf

N/mm2 = 
kgf/mm2 
* 9.8

1000000 100 1 10.2 0.102

1kN/mm
2 = 

1000N/m
m2

≒

10000kgf
/cm2 = 
10tf/cm2

10kN = 
10000N

≒
1000kgf 
= 1tf

98000 9.8 0.098 1 0.01 1N/cm2 ≒
0.1kgf/c
m2

9800000 980 9.8 100 1 10N/cm2 ≒ 1kgf/cm2
100N/cm

2
≒

10kgf/cm
2

1kN/cm2 
= 

1000N/c
m2

≒
100kgf/c
m2
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1 (1) Slump of Concrete  ASTM C 143 0 0
2 (2) Flow Chart of Trial Mix 0
3 (3) Water Cement Ratio and Compressive Strength ASTM C 31  ACI 211.1  and ACI 

211.3
0 0

4 (4) Required Average Compressive Strength 0 0
5 (5) Bulk Volume of Coarse Aggregate per Unit Volume of Concrete (ACI 211.1-12) 0 0
6 (6) Recommended Slumps for various types of Construction(ACI 211.1-21) 0 0
7 (7) Approximate Mixing Water (ACI 211.1-22) 0 0
8 (8) Concrete Delivery Slip 0
9 (9) Batching Plant 0

10 (10) Sieve Analysis of Coarse Aggregate (ASTM C 33) 0
11 (11) Sieve Analysis of Coarse Aggregate (ASTM C 33) 0
12 (12)Specific Gravity and Absorption Test of Fine Aggregate (JISA A 1109) 0 0
13 (13)Specific Gravity and Absorption Test of Fine Aggregate (ASTM C-128) 0 0
14 (14)Specific Gravity and Absorption Test of Coarse Aggregate (JISA A 1110) 0 0
15 (15)Specific Gravity and Absorption Test of Coarse Aggregate (ASTM C-127) 0 0
16 (16)Moisture Condition of Aggregate 0
17 (17)Fire Concrete ACI 216R-10 Table 2.4.1(a) 0
18 (18)Batching Plant Percentage of Accuracy 0
19 (19)Material Finer than 75um(No.200) Sieve 2  ASTM C33 Table-1 0
20 (20)Material Finer than 75um(No.200) Sieve 2  ASTM C33 Table-1 0
21 (21)Compressive Strength Test-1 0
22 (22)Compressive Strength Test-2 0
23 (23)Fluidized Concrete 0
24 (24)Compressive Strength Test 0
25 (25)Calibration 0
26 (26)Mixing Water 0
27 (27) Concrete Component 0 0 0
28 (28) Concrete Volume 0
29 (29) Concrete Volume(1) 0
30 (30) Cross Section of Harden Concrete 0
31 (31) Cylinders with Water Cement Ratios from 0.4 to 0.6
32 (32) Effect of Casting Temperature on The Slump 0
33 (33) Workable Concrete 0
34 (34) Bleeding Water 0
35 (35) Good Consolidation and Bad Consolidation 0
36 (36) Effect of Void in Concrete and Compressive Strength 0
37 (37) Hardened Concrete Curing
38 (38) Concrete Strength 0 0



39 (39) Effect of Casting  and Curing Temperature  on Strength Development
40 (40) Water Cement Ratio and Compressive Strength 0 0
41 (41) Water Cement Ratio and Hydraulic Permeability 0 0
42 (42) Types of Portland Cement 0
43 (43) Type I 0
44 (44) Masonry Cement and Mortar Cement 0
45 (45) Cement Stored 0
46 (46) Fly Ash 0
47 (47) Fly Ash Workability 0
48 (48)Silica Fume Pump Ability 0
49 (49) Effect of  a Slag on Heat of Hydration 0
50 (50) Mixing Water for Concrete 0 0
51 (51) Chloride 0
52 (52) Water Content, Slump and Cement Content 0 0
53 (53) Relation between Strength and Water Cement Ratio 0 0
54 (54) Method and Equipment for Transporting Concrete 0
55 (55) Concrete 0
56 (56) Concrete Mix Proportion 0
57 (57) Concrete Technology 0 0
58 (58) Concrete Trial Mix 0 0
59 (59) Concrete Mix Proportion 0 0
60 (60) Consistency 0 0
61 (61) Consistency-Water 0
62 (62) Strength 0
63 (63) Durability 0 0
64 (64) Concrete Mix Proportion 0
65 (65) Mix Proportion of Concrete 0
66 (66) Mix Proportion Step 0
67 (67) Mix Proportion Step-Slump 0
68 (68) Mix Proportion Step-Maximum Size of Aggregate 0
69 (69) ACI 211.1 Mix Proportion Step(1)-Water and Air Content 0
70 (70) ACI 211.1 Mix Proportion Step(2)-Water and Air Content 0
71 (71) ACI 211.1 Mix Proportion Step(3) 0 0
72 (72) ACI 211.1 Mix Proportion Step(4-1) Water Cement Ratio 0 0
73 (73) ACI 211.1 Mix Proportion Step(4-2) Strength with Cubic Specimen 0
74 (74) ACI 211.1 Mix Proportion Step(5) Calculate Cement Content 0
75 (75) ACI 211.1 Mix Proportion Step(6) Calculate Coarse Aggregate Content 0
76 (76) ACI 211.1 Mix Proportion Step(7) Calculate Fine Aggregate Content 0
77 (77) ACI 211.1 Mix Proportion Step(8-1) Calculate Fine Aggregate Content 0
78 (78) ACI 211.1 Mix Proportion Step(8-2) Calculate Unit Weight of Fresh Concrete 0
79 (79) ACI 211.1Mix Proportion Step(8-3) Calculate Fine Aggregate Content 0
80 (80) ACI 211.1 Mix Proportion Step(8-4)  Adjustment of Aggregate Moisture Content 0
81 (81) ACI 211.1 Mix Proportion Step(9)  Adjustment Trial Batch 0
82 (82) ACI 211.1 Mix Proportion Step(9-1)  Adjustment Trial Batch -Slump -Water Content 0 0
83 (83) ACI 211.1 Mix Proportion Step(9-2)  Adjustment Trial Batch -Slump -Water Content 0
84 (84) ACI 211.1 Mix Proportion Step Calculation(1) 0
85 (85) ACI 211.1 Mix Proportion Step Calculation(2) 0 0
86 (86) ACI 211.1 Mix Proportion Step Calculation(3) 0



87 (87) ACI 211.1 Mix Proportion Step Calculation(4) 0
88 (88) ACI 211.1 Mix Proportion Step Calculation(5) 0
89 (89) ACI 211.1 Mix Proportion Step Calculation(6) 0
90 (90) ACI 211.1 Mix Proportion Step Calculation(7) 0
91 (91) ACI 211.1 Mix Proportion Step Calculation(8) 0
92 (92) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(1) 0
93 (93) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(2) 0
94 (94) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(3) 0
95 (95) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(4) 0
96 (96) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(5) 0
97 (97) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(6) 0
98 (98) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(7) 0
99 (99) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(8) 0

100 (100) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(9) 0
101 (101) ACI 211.1 Design of Concrete Mixes (1) 0
102 (102) ACI 211.1 Design of Concrete Mixes (2) 0 0
103 (103) ACI 211.1 Design of Concrete Mixes (3) 0 0
104 (104) ACI 211.1 Design of Concrete Mixes (4) 0 0
105 (105) ACI 211.1 Design of Concrete Mixes (5) 0 0
106 (106) ACI 211.1 Design of Concrete Mixes (6) 0 0
107 (107) ACI 211.1 Design of Concrete Mixes (7) 0 0
108 (108) ACI 211.1 Design of Concrete Mixes (8) 0
109 (109) ACI 211.1 Design of Concrete Mixes (9) 0
110 (110) ACI 211.1 Design of Concrete Mixes (10) 0
111 (111) ACI 211.1 Design of Concrete Mixes (11) 0
112 (112) ACI 211.1 Design of Concrete Mixes (12) 0 0
113 (113) ACI 211.1 Design of Concrete Mixes (13) 0
114 (114) ACI 211.1 Design of Concrete Mixes (14) 0
115 (115) ACI 211.1 Design of Concrete Mixes (15) 0
116 (116) ACI 211.1 Design of Concrete Mixes (16) 0
117 (117) ACI 211.1 Design of Concrete Mixes (17) 0
118 (118) ACI 211.1 Mix Design of Small Size Construction 0
119 (119) Concrete Material (1) 0
120 (120) Concrete Material (2) 0
121 (121) Concrete Material (3) 0
122 (122) Concrete Material (4) 0
123 (123) Cement 0
124 (124) Ordinary Portland Cement 0
125 (125) High Early Strength Portland Cement 0
126 (126) Ultra High Early Strength Portland Cement 0
127 (127) Modulate Heat Portland Cement 0
128 (128) Sulfate Resisting Portland Cement 0
129 (129) Blast Furnace Slag Cement 0
130 (130) Silica Cement (I) 0
131 (131) Fly Ash Cement 0
132 (132) Almina Cement 0
133 (133) Ultra High Strength Portland Cement 0
134 (134) Cement Ingredient (I) 0



135 (135) Cement Ingredient (II) 0
136 (136)Cement Weight 0
137 (137) Cement Specific Gravity 0
138 (138) Cement Fineness 0
139 (139) Cement Setting 0
140 (140) Cement Soundness 0
141 (141) Cement Strength 0
142 (142) Heat of Hydration 0
143 (143) Cement Choice 0
144 (144) Cement Storage 0
145 (145) Kind of Aggregate 0
146 (146)Required Aggregate 0
147 (147) Size of Aggregate 0
148 (148) Grading and Fineness Modulus of Aggregate (1) 0
149 (149) Grading and Fineness Modulus of Aggregate (2) 0
150 (150) Grading and Fineness Modulus of Aggregate (3) 0
151 (151) Water Content of Aggregate 0
152 (152) Specific Gravity of Aggregate(1) 0
153 (153) Specific Gravity of Aggregate(2) 0
154 (154) Specific Gravity of Aggregate(3) 0
155 (155) Specific Gravity of Aggregate(4) 0
156 (156) Specific Gravity of Aggregate(5) 0
157 (157) Surface Moisture Content (1) 0
158 (158) Absolute Volume 0 0
159 (159) Unit Weight (1) 0 0
160 (160) Unit Weight (2) 0
161 (161) Percentage of Void Ratio of Aggregate 0 0
162 (162) Harmful Material of Aggregate 0
163 (163) Decantation Test 0
164 (164) Durability of Aggregate 0
165 (165) Abrasion 0
166 (166) Crushed Stone 0
167 (167) Lightweight Aggregate 0
168 (168) Storage of Aggregate 0
169 (169) Water-1 0
170 (170) Cement Aggregate Water 0 0 0
171 (171) Admixture 0
172 (172) Pozzolan 0
173 (173) AE Agent 0
174 (174) Water Reducing Agent 0
175 (175) Accelerator 0
176 (176) Retarder 0
177 (177)Water Proofing Agent 0 0
178 (178) Concrete 0
179 (179)Good Point of Concrete 0
180 (180) Bad Point of Concrete 0
181 (181) Uses of Concrete 0
182 (182) Fresh Concrete 0



183 (183)Good Concrete 0
184 (184) Workability 0
185 (185)Consistency
186 (186) Plasticity
187 (187) Finish Ability 0
188 (188) Segregation 0
189 (189) Air Content 0
190 (190) Slump of Concrete (ACI 143 ) 0 0 0
191 (191) Compressive Strength of Concrete (I) 0
192 (192) Compressive Strength of Concrete (II) 0
193 (193) Tensile Strength 0
194 (194) Bending Strength of Concrete (I) 0
195 (195) Compressive Strength 0
196 (196) Concrete Strength (Material ) 0
197 (197) Mix Proportion and Compressive Strength 0 0
198 (198) Mixing and Strength 0
199 (199) Curing and Strength 0
200 (200) Ages and Strength 0
201 (201) Test Piece and strength (I) 0
202 (202) Test Piece and strength (II) 0
203 (203)Unit Weight 0
204 (204) Durability 0
205 (205) Water tightness 0
206 (206)Volumetric Change 0
207 (207)Modulus of Elasticity 0
208 (208) Mix Proportion of Concrete 0
209 (209) Mix Proportion (1) 0
210 (210) Mix Proportion (2) 0
211 (211) Specified Field Mix Proportion (1) 0
212 (212) Specified Field Mix Proportion (2) 0
213 (213) Specified Field Mix Proportion (3) 0
214 (214) Mix Proportion of Concrete 0
215 (215) Required Average Strength 0
216 (216) Water Cement Ratio 0 0
217 (217) Water Cement Ratio and Strength 0
218 (218) Water Cement Ratio and Durability 0 0
219 (219) Water Cement Ratio and Water tightness 0 0
220 (220) Water Cement Ratio and Durability 0 0
221 (221) Unit Water and Sand Percentage 0
222 (222) Correction 0
223 (223) Unit Water and Unit Cement 0
224 (224) Unit Fine Aggregate and Coarse Aggregate 0 0
225 (225) Correction (1) 0
226 (226) Correction (2) 0
227 (227) Correction (3) 0
228 (228) Order of Mix Proportion Design 0
229 (229) Maximum Size of Aggregate 0
230 (230) Standard of Air Content 0



231 (231) Mix Proportion Calculation (1) 0
232 (232) Mix Proportion Calculation (2) 0
233 (233) Mix Proportion Calculation (3) 0
234 (234) Mix Proportion Calculation (4) 0
235 (235) Mix Proportion Calculation (5) 0
236 (236) Mix Proportion Calculation (6) 0
237 (237) Mix Proportion Calculation (7) 0
238 (238) Advantage of Fresh Concrete
239 (239) Attention of Fresh Concrete
240 (240) Batching Plant 0
241 (241) Concrete Delivery Control 0
242 (242) Quality Control
243 (243) Rule of Constant Unit Water Content 0
244 (244) Mix Proportion of Concrete 0
245 (245) Water Cement Ratio 0 0
246 (246) Water Cement Ratio and Strength 0 0 0
247 (247) Required Average Strength and Extra Co-efficient 0 0
248 (248) Fluctuation Co-efficient (V) 0
249 (249) Water Cement Ratio and Durability 0
250 (250) Water tightness 0
251 (251) Water Cement Ratio and Mix Proportion Design 0 0 0
252 (252) Concrete Mix Proportion Design (1) 0
253 (253) Concrete Mix Proportion Design (2) 0
254 (254) Concrete Mix Proportion Design (3) 0
255 (255) Concrete Mix Proportion Design (4) 0
256 (256) Concrete Mix Proportion Design (5) 0
257 (257) Concrete Mix Proportion Design (6) 0
258 (258) Concrete Mix Proportion Design (7) 0
259 (259) Minimum Content of Cement 0
260 (260) Slump (Standard Value) 0
261 (261) Maximum Size of Aggregate 0
262 (262) Maximum Size of Aggregate 0
263 (263) Adjustment 0
264 (264) Unit Coarse Aggregate Volume ,Sand Percentage and Unit Water Content 0
265 (265) Correction 0
266 (266) AE Concrete Mix Proportion Design (1) 0
267 (267) AE Concrete Mix Proportion Design (2) 0
268 (268) AE Concrete Mix Proportion Design (3) 0
269 (269) AE Concrete Mix Proportion Design (4) 0
270 (270) AE Concrete Mix Proportion Design (5) 0
271 (271) AE Concrete Mix Proportion Design (6) 0
272 (272) AE Concrete Mix Proportion Design (7) 0
273 (273) AE Concrete Mix Proportion Design (8) 0
274 (274) AE Concrete Mix Proportion Design (9) 0
275 (275) Air Content of AE Concrete 0
276 (276) Grading of Fine Aggregate 0
277 (277) Grading of Coarse Aggregate 0
278 (278) Mix Proportion (1) 0



279 (279) Mix Proportion (2) 0
280 (280) Mix Proportion (3) 0
281 (281) Mix Proportion (4) 0
282 (282) Mix Proportion (5) 0
283 (283) Mix Proportion (6) 0
284 (284) Mix Proportion (7) 0
285 (285) Mix Proportion (8) 0
286 (286) Mix Proportion (9) 0
287 (287) Mix Proportion (10) 0
288 (288) ACI 318 Water Cement Ratio and Compressive Strength 0 0
289 (289) ACI 318 Requirements for Concrete Exposed to Sulfates in Soil or Water 0
290 (290) ACI 211.1 and ACI 211.3 Relationship between Water Cement Ratio and 

Compressive Strength of Concrete 0
291 (291) ACI 211 Bulk Volume of Coarse Aggregate per Unit Volume of Concrete 0 0
292 (292) ACI211.1 and ACI 318 (Metric) Approximate Mixing Water and Target Air Content 

Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate 0

293 (293) ACI211.1 and ACI 318 (Inch-Pound Units) Approximate Mixing Water and Target Air 
Content Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate 0

294 (294) ACI 211.Recomended Slumps for Various Types of Construction 0
295 (295) ACI 302 Minimum Requirements of Cementing Materials for Concrete Used in 

Flatwork
0

296 (296) ACI 318 Cementitious Materials Requirements for Concrete Exposed to Deicing 
Chemicals 0

297 (297) ACI 318 Maximum Chloride-Ion Content for Corrosion Protection 0
298 (298) ACI 318 Modification Factor for Standard Deviation when less than 30 Tests are 

Available 0

299 (299) ACI 318 (Metric) Required Average Compressive Strength when Data are not 
Available to Establish a Standard Maximum Factor for Standard Deviation 0

300 (300) ACI 318 (Inch-Pound Units) Required Average Compressive Strength when Data 
are not Available to Establish a Standard Maximum Factor for Standard Deviation 0

301 (301) Density of Water Versus Temperature 0
302 (302)  ACI 211.1 Mix Proportion (1) 0
303 (303)  ACI 211.1 Mix Proportion (2) 0
304 (304)  ACI 211.1 Mix Proportion (3) 0
305 (305)  ACI 211.1 Mix Proportion (4) 0
306 (306)  ACI 211.1 Mix Proportion (5) 0
307 (307)  ACI 211.1 Mix Proportion (6) 0
308 (308)  ACI 211.1 Mix Proportion (7) 0
309 (309)  ACI 211.1 Mix Proportion (8) 0
310 (310)  ACI 211.1 Mix Proportion (9) 0
311 (311) ACI 211.1 Table A1.1-Conversion Factors In-lb to SI Units 0
312 (312) ACI 211.1 Table A1.5.3.1-Recommended Slumps for Various Types of Construction 

(SI) 0 0

313 (313) ACI211.1 Table A1.5.3.3 Approximate Mixing Water and Air Content requirements 
for Difficult Slumps and Nominal Maximum Sizes of Aggregates (SI) 0

314 (314) ACI 211.1 Table A1.5.3.4(a) Relationship between Water Cement Ratio and 
Compressive Strength of Concrete (SI) 0

315 (315) ACI 211.1 Table A1.5.3.4(b) Maximum Permissible Water-Cement Ratios for 
Concrete Severe Exposures (SI) 0

316 (316) ACI 211.1 Table A1.5.3.6 Volume of Coarse Aggregate per Unit of Volume of 
Concrete (SI) 0 0

317 (317) ACI 211.1 Table A1.5.3.7.1 First Estimate of Mass of Fresh Concrete(SI) 0
318 (318) ACI 211.1 Mix Proportion (1) 0



319 (319) ACI 211.1 Mix Proportion (2) 0
320 (320) ACI 211.1 Mix Proportion (3) 0
321 (321) ACI 211.1 Mix Proportion (4) 0
322 (322) ACI 211.1 Mix Proportion (5) 0
323 (323) ACI 211.1 Mix Proportion (6) 0
324 (324) ACI 211.1 Mix Proportion (7) 0
325 (325) Concreting 0
326 (326) Transporting of Concrete 0
327 (327) Methods of Concrete Transporting 0
328 (328) Concrete Pump 0
329 (329) Concreting 0
330 (330) Attention of Concreting 0
331 (331) Compaction of Concrete 0
332 (332) Joints of Concrete 0
333 (333) Concrete Surface Finishing 0
334 (334) Concrete Curing 0
335 (335) Taking off Forms 0
336 (336) Cold Weather Concrete 0
337 (337) Hot Weather Concrete 0
338 (338) Mass Concrete 0
339 (339) Concrete under Water 0
340 (340) Prepacked Concrete 0
341 (341) Fluidized Concrete 0
342 (342) Consistency-Water 0
343 (343) Segregation 0
344 (344) Workability 0
345 (345) Compressive Strength(1) 0
346 (346) Compressive Strength(2) 0
347 (347) Compressive Strength(3) 0
348 (348) Compressive Strength(4) 0
349 (349) Water tightness 0
350 (350) Durability 0
351 (351) Alkali-Aggregate Reaction 0
352 (352) Air Content and Durability 0
353 (353) Chloride Content 0
354 (354) Slump of Concrete after using Superplastilizer 0 0 0
355 (355) Slump of Concrete after adding Water 0 0 0
356 (356) C/W and Compressive Strength 0 0
357 (357) Concrete Test I 0
358 (358) Concrete Test II 0
359 (359)(1) Slump of Concrete 0 0
360 (360)(190) Slump of Concrete 0 0
361 (361)(23)Fluidized Concrete 0
362 (362) Slump of Concrete 0 0
363 (363) Slump of Concrete (II) 0 0
364 (364)Mix Proportion 0
365 (365)Superplasticizer  (Additive) 0
366 (366) Attention of Fresh Concrete 0 0



367 (367)(60)(82)  Slump 0
368 (368)(243)Slump 0
369 (369)(8) Concrete Delivery Slip 0 0
370 (370) Slump Loss 0 0
371 (371) Slump after Pouring Superplasticizer 0 0
372 (372)(355) Slump of Concrete after adding Water 0 0
373 (373) Slump at Batching Plant and Site (Superplasticizer ) 0 0
374 (374) Fluidized Concrete by Superplasticizer or High-range Water Reducing Agent 0 0
375 (375) Slump and Flow of Fluidized Concrete 0 0
376 (376) Fluidized Concrete or Superplasticized Concrete by Superplasticizer or High-range 

Water Reducing Agent or Superplasticizing Admixture 0 0
377 377-(151) Water Content of Aggregate 0 0
378 (378) Purpose of Superplasticized Concrete 0 0
379 (379) Purpose of Superplasticized Concrete II 0 0
380 (380) Specification of Superplasticized Concrete I 0 0
381 (381) Specification of Superplasticized Concrete II 0 0
382 (382) Examples of Superplasticized Concrete(Base Concrete-AE Concrete) 0
383 (383) Water Content  Case of Japan 0
384 (384) 252 Concrete Mix Proportion Design  Case of Japan 0
385 (385)266 Mix Proportion Design of AE Concrete  Case of Japan 0
386 (386)231 Example of Mix proportion    Case of Japan 0
387 (387)225 Correction Mix Proportion      Case of Japan 0
388 (388)278 Mix Proportion   Case of Japan 0
389 (389)(69) ACI 211.1 Mix Proportion     Case of ACI 0
390 (390) Superplasticizer 0
391 (391) High-range Water Reducing Agent-Superplasticizer 0
392 (392-377)-151 Water Content of Aggregate 0 0
393 (393) Causes of Slump Difference of Superplasticized Concrete 0 0
394 (394) Dosage Content of Superplasticizer and Slump or Flow 0 0
395 (395) Classification of High-range Water Reducing Agent-Superplasticizer 0
396 (396) Total Dosage of Superplasticizer or High Range Water Reducing Agent 0
397 (397)  Effect of Superplasticizer or High Range Water Reducing Agent 0
398 (398) Effect of Superplasticizer (II) 0 0
399 (399) Bleeding of Superplasticized Concrete 0 0 0
400 (400)  SI Units 0
401 (401) Pumpability of Superplasticized Concrete 0
402 (402) (4) Eart Drilling-Concreting-Chock II 0
403 (403) Strength Comparison of Concrete(Cement Content=300kg/m3) 0
404 (404) Compressive Strength 0
405 (405) Cement-1 0
406 (406) Cement-2 0
407 (407)  Cement-3 0
408 (408) Cement-4 0
409 (409)  Cement-5 0
410 410-171 Admixture 0
411 411-241 Batching Plant 0
412 (412) Aggregate and Sand -1 0
413 (413) Aggregate and Sand-2 0



414 414-Aggregate and Sand-3 0
415 (415) Aggregate and Sand-4 0
416 (416) Concreting-1 0
417 (417) Concreting -2 0
418 (418) Concreting-3 0
419 (419) Aggregate and Sand-5 0
420 (420) Compressive Strength-1 0
421 (421) Compressive Strength-2 0
422 (422) Compressive Strength-3 0
423 (423) Compressive Strength-4 0
424 (424) Compressive Strength-5 0
425 (425) Concrete Strength-6 0
426 (426) Sump-1 0
427 (427) Slump-2 0
428 (428) Slump-3 0
429 (429) Slump-4 0
430 (430) Superplasticizer-1 0
431 (431)  Superplasticizer-2 0
432 (432) Superplasticizer-3 0
433 (433) Superplasticizer-4 0
434 (434) Superplasticizer-5 0
435 (435) Superplasticizer-6 0
436 (436) Superplasticizer-7 0
437 (437) Concrete-1 0
438 (438) Concrete-2 0
439 (439) Concrete-3 0
440 (440) Concrete-4 0
441 (441) Concrete-5 0
442 (442) Concrete-6 0
443 (443)  Concrete-7 0
444 (444) Concrete-8 0
445 (445) Concrete-9 0
446 (446) Concrete-10 0
447 (447)  Concrete-11 0
448 (448) W/C-1 0
449 (449) W/C-2 0
450 (450)  W/C-3 0
451 (451) W/C-4
452 (452) s/a-1
451 (451) W/C-4
452 (452) s/a-1
453 (453) s/a-2
454 (454) Air Content-1
455 (455) Cement in Superplasticized Concrete-1 0 0
456 (456) Aggregate in Superplasticized Concrete -2 0 0
457 (457)  Admixture for Base Concrete in Superplasticized Concrete-3 0 0
458 (458) Superplasticizer in Superplasticized Concrete-4 0
459 (459)  Mix Proportion in Superplasticizer Concrete-5 0 0 0



460 (460) Cautions of Fresh Concrete 0
461 (461) Slump in Superplasticized Concrete-6 0 0
462 (462) Sand Percentage(s/a) in Superplasticized Concrete-7 0 0
463 (463) Air Content (a) in Superplasticized Concrete-8 0
464 (464) Water Content (w) in Superplasticized Concrete-9 0
465 (465) Cement Content© and W/C in Superplasticized Concrete-10 0
466 (466) Sand Percentage (s/a ) in Superplasticized Concrete-11 0
467 (467) Mix Proportion of Base Concrete in Superplasticized Concrete-12 0
468 (468) Trial Mix of Base Concrete in Superplasticized Concrete-13 0
469 (469) Superplasticized Test in Superplasticized Concrete-14 0
470 (470) Judgement Workability of Superplasticized Concrete-15 0
471 (471) Production of Superplasticized Concrete-16 0
472 (472) Adjustment Dosage of Superplasticized Concrete-17 0
473 (473) Slump Test of Base Concrete and Superplasticized Concrete-18 0
474 (474) Redosage Superplasticizer of Superplasticized Concrete-19 0 0
475 (475) Check Points of Design and Specification of Superplasticized Concrete-20 0 0
476 (476) Check Points of Superplasticized Concrete-21 0 0
477 (477) Flow Chart of Superplasticized Concrete-22 0 0 0
478 (478) Order of Base Concrete and Superplasticized Concrete-23 0 0 0 0 0
479 (479) Pumping of Superplasticized Concrete-24 0 0 0
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(1) Slump of Concrete  ASTM C 143

( 1  ) S lu m p  o f co n cre te

A S TM  C  1 4 3
W o rka b ility  s h a ll b e
m e a su re d  b y  th e  s lu m p  te s t F irs t

7 cm 7 cm

S e co n d

9 cm

2 5  tim e s  S tro ke s

Th ird

S lu m p  C o n e

P u ll u p
3 0 cm  in  5 + -2  se co n d s

S lu m p ( cm  )

S o ft H a rd

M e a su re
S lu m p ( cm  )
C e n te r

( 0 . 5 cm  )

R e p o rt
1  D a y , te m p e ra tu re ,
   w e a th e r
2  N u m b e r
3  G m a x
4  C o n cre te  te m p e ra tu re
5  S lu m p

2 5  tim e s  S tro ke s2 5  tim e s  S tro ke s

Ta m p in g  R o d  1 6 m m  D ia m e te r
6 0  cm  Le n g th



(2) Flow Chart of Trial Mix

 Flow Chart of Trial Mix(1)

Condition 
of Structure

Condition 
of Outside

(1)
Compressive
Strength   C/W  W/C

Durability   W/C

Watertightness   W/C

Condition 
of Outside

(3)
Maximum Dimension 
Coarse Aggregate
Slump
Air Content

(2 )
Decide Water Cement 
Ratio(Minimum)  W/C

(4)
Water Content  W
Sand Percentage s/a

(5)
Cement Content  C

Fine Aggregate
 Content  C

Coarse Aggregate 
Content  G

Admixture Ad

      

Adjust
     
      



(3) Water Cement Ratio and Compressive Strength ASTM C 31  ACI 211.1  and ACI 211.3

( 3  ) W a te r C e m e n t R a tio  a n d  
         C o m p re s s ive  S tre n g th

C o m p re s s ive  S tre n g th
 a t 2 8  d a ys ,M p a

W a te r C e m e n titio u s  m a te ria ls  ra tio  b y  m a s s

N o n e -a ir-e n tra in e d  co n cre te A ir E n tra in e d  C o n cre te
4 5

4 0

3 5

3 0

2 5

2 0

1 5

4 0

3 5

3 0

2 5

2 0

1 5

4 0

3 5

3 0

2 5

2 0

1 5

0 . 3 00 . 3 8

0 . 4 2

0 . 4 7

0 . 5 4

0 . 6 1

0 . 6 9

0 . 7 9

0 . 3 4

0 . 4 7

0 . 5 4

0 . 6 1

0 . 6 9

0 . 7 9

0 . 3 9

0 . 4 5

0 . 5 2

0 . 6 0

0 . 7 0

A S T M  C  3 1 ,
A C I 2 1 1 . 1
a n d  A C I 2 1 1 . 3 .

0 . 3 0

0 . 4 0

0 . 5 0

0 . 6 0

0 . 7 0

0 . 8 0

0 . 9 0

2 0 3 0 4 00 1 0 5 0 6 0 7 0

A ir E n tra in e d  C o n cre te

N o n e -A ir-E n tra in e d  C o n cre te

C o m p re s s ive  S tre n g th
 a t 2 8  d a ys ,M p a

W
a

te
r 

C
e

m
e

n
ti
ti
o

u
s

 m
a

te
ri

a
ls

 r
a

ti
o

 b
y
 m

a
s
s
(

W
/C

 %
)



(4) Required Average Compressive Strength

( 4  ) R e q u ire d  A ve ra g e  C o m p re s s ive  s tre n g th  
W h e n  D a ta  A re  N o t A va ila b le  to  E s ta b lis h  
a  S ta n d a rd  D e v ia tio n

A C I 3 1 8

S p e cifie d  C o m p re s s ive  S tre n g th
 , f'c ,M p a

R e q u ire d  A ve ra g e  C o m p re s s ive  S tre n g th
 , f'cr,M p a

Le s s  th a n  2 1

2 1  to  3 5

O ve r 3 5

f'c+ 7 . 0

f'c+ 8 . 5

1 . 1 *f'c+ 5 . 0



(5) Bulk Volume of Coarse Aggregate per Unit Volume of Concrete (ACI 211.1-12)

Vo lume o f coarse  aggregate  pe r un it o f vo lume  o f conc re te

0 .00
0 .10
0 .20
0 .30
0 .40
0 .50
0 .60
0 .70
0 .80
0 .90
1 .00

9 .5 (3/8 ) 12 .5 (1/2 ) 19 (3/4 ) 25 (1 ) 37 .5 (1
1/2 )

50 (2 ) 75 (3 ) 150 (6 )

Norm ina l max imum s ize   o f aggregate ,mm(in )

V
ol

um
e 

of
 c

oa
rs

e 
ag

gr
eg

at
e

2 .4 2 .6 2 .8 3



(6) Recommended Slumps for various types of Construction(ACI 211.1-21)

( 6  ) Ta b le  A 1 . 5 . 3 . 1  R e co m m e n d e d  s lu m p s  
fo r va rio u s  typ e s  o f co n s tru ctio n  ( S I )

Typ e s  o f co n s tru ctio n
S lu m p ,m m

M a x im u m M in im u m
R e in fo rce d  fo u n d a tio n  w a lls  a n d  fo o tin g s

P la in  fo o tin g s , ca is so n s , a n d  su b s tru ctu re  w a lls

2 57 5

A C I 2 1 1 .1 -2 1

P a ve m e n ts  a n d  s la b s

M a ss  co n cre te

B e a m  a n d  re in fo rce d  w a lls

B u ild in g  co lu m n s

7 5

7 5

7 5

1 0 0
1 0 0

2 5

2 5

2 5

2 5
2 5

A

B

C

D

E

F



(7) Approximate Mixing Water (ACI 211.1-22)

( 7  ) T a b le  A 1 . 5 . 3 . 3  A A p ro x im a te  m ix in g  w a te r a n d  a ir co n te n t re q u ire m e n ts  
fo r d iffe re n t s lu m p s  a n d  n o m in a l m a x im u m  s iz e s  o f a g g re g a te s  ( S I )

A C I 2 1 1 . 1 -2 2

W a te r, K g /m 3  o f co n cre te  fo r in d ica te d  n o m in a l m a x im u m  s iz e s  o f a g g re g a te
9 . 5 1 2 . 5 1 9 2 5 3 7 . 5 5 0 7 5 1 5 0S lu m p ,m m

N o n -a ir -e n tra in e d  co n cre te

2 5  to  5 0

7 5  to  1 0 0
1 5 0  to  1 7 5

A p p ro x im a te  a m o u n t o f e n tra p p e d  a ir 
in  n o n -a ir-e n tra in e d  co n cre te , p e rce n t

2 2 8

2 4 3

3

2 0 7

2 1 6

2 2 8

2 . 5

1 9 9

2 0 5

2 1 6

2

1 9 0

1 9 3

2 0 2

1 . 5

1 7 9

1 8 1

1 9 0

1

1 6 6

1 6 9

1 7 8

0 . 5

1 5 4

1 4 5

1 6 0

0 . 3

1 3 0

1 2 4

-

0 . 2

1 1 3

A C I 2 1 1 . 1 -2 2

W a te r, K g /m 3  o f co n cre te  fo r in d ica te d  n o m in a l m a x im u m  s iz e s  o f a g g re g a te
9 . 5 1 2 . 5 1 9 2 5 3 7 . 5 5 0 7 5 1 5 0S lu m p ,m m

A ir -e n tra in e d  co n cre te

2 5  to  5 0

7 5  to  1 0 0
1 5 0  to  1 7 5

R E co m e n d e d  a ve ra g e  to ta l a ir 
co n te n t, p e rce n t fo r le ve l o f e x p o s u re :

2 0 2

2 1 6

1 8 1

1 9 3

2 0 5

1 7 5

1 8 4

1 9 7

1 6 8

1 7 5

1 8 4

1 6 0

1 6 5

1 7 4

1 5 0

1 5 7

1 6 6

1 4 2

1 3 3

1 5 4

1 2 2

-

1 0 7

1 1 9

M ild  e x p o s u re

M o d e ra te  e x p o s u re

E x tre m e   e x p o s u re

2 0 2

2 1 6

1 8 1

1 9 3

2 0 5

1 7 5

1 8 4

1 9 7

1 6 8

1 7 5

1 8 4

1 6 0

1 6 5

1 7 4

1 5 0

1 5 7

1 6 6

1 4 2

1 3 3

1 5 4

1 2 2 1 0 7

1 1 9



(8) Concrete Delivery Slip

( 8  ) C o n cre te  D e live ry  S lip

M A X  S IZ E
 A G G R E G A TE

W /C A IR
C O N TE N T

TO TA L
O R D E R

C O N C R E TE
 M IX IN G  TY P E

D E S IG N  
S TR E N G TH

( M p a ) ( m m ) ( % ) ( m 3 )( % )

S lu m p  
( a t
S ite )

C O N C R E TE
 TE M P E R A
  TU R E

(  a t S ITE )

Q U A N T ITY
TH IS
LO A D

Q U A N T ITY
C U M U LA
T IV E

( m m ) ( d e g re e ) ( m 3 ) ( m 3 )

T IM E  R E C O R D

D e live ry  

B A TC H  T IV E

P O U R IN G

S TA R T F IN IS H

R E M A R K S

R E M A R K S R E M A R K S R E M A R K S

B A TC H IN G
P LA N T

N A M E :
S U B C O N TR A C TO R

IN S P E C TO R /K JP

S L IP  N O

D A TE

M A N U F A C TU R E  C O M P A N Y :K JP /B C S

P C .W .B .S

S TR U C U R E :

( N O  1 ,N O  2 ) B A TC H IN G  P LA N T

O R D E R  S H E E T  N O :

TR U C K  N O :

R E Q U E S TE R :



(9) Batching Plant

( 9  )  B a tch in g  P la n t

B a tch in g  P la n t ( N o  1  )

T e s t C y lin d e r

A S T M  C  1 7 2
A S T M  C  3 1
A C I 3 1 8

N o  o f C u b ic M a te rs  in  A n y

0 -3 8
3 9 -1 5 0
1 5 1 -2 7 0
G re a te r th a n  2 7 0

N o  o f C u b ic M a te rs  in  A n y

O n e  fo r e a ch  2 0  cu b ic m e te rs
O n e  fo r e a ch  4 0  cu b ic m e te rs
O n e  fo r e a ch  6 0  cu b ic m e te rs
O n e  fo r e a ch  7 5  cu b ic m e te rs



(10) Sieve Analysis of Coarse Aggregate (ASTM C 33)

( 1 0  ) S ie ve  A n a ly s is  o f F in e  A g g re g a te

A S T M  C  3 3

0 . 0 1

2 0

1 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

0 . 1 1 . 0 1 0 1 0 0

S ie ve  S iz e

C
u

m
m

u
la

tiv
e

 P
a

ss
in

g
(

%
)

S ie ve   S iz e

4 . 7 5 m m

2 .3 6 m m

1 .1 8 m m

6 0 0 u m

3 0 0 u m

1 5 0 u m

9 . 5 m m ( 3
8  in . )

( N o . 4  )

( N o . 8  )

( N o . 1 6  )

( N o . 3 0  )

( N o . 5 0  )

( N o . 1 0 0  )

P e rce n t p a s s in g  b y  m a s s

1 0 0

9 5  to  1 0 0

8 0  to  1 0 0

5 0  to  8 5

2 5  to  6 0

5    to  3 0

0    to  1 0



(11) Sieve Analysis of Coarse Aggregate (ASTM C 33)

Size 
Number

Nominal Size 
(Sieve with 
Square Openings 

100mm 90mm 75mm 63mm 50mm 37.5mm 25.0mm 19.0mm 12.5mm 9.5mm 4.75mm 2.36m 1.18mm 300um
(4 in.) (3 1/2 in.)(3 in.) (2 1/2 in.)(2 in.) (1 1/2 in.)(1 in.) (3/4 in.)(1/2 in.)(3/8 in.)(No.4) (No.8) (No.16) (No.50)

1
90 to 37.5 mm(3 
1/2 to 1 1/2 

100 90 to 100 … 25 to 60 … 0 to 15 … 0 to 5 … … … … … …

2
63 to 37.5 mm(2 
1/2 to 1 1/2 

… … 100 90 to 10035 to 700 to 15 … 0 to 5 … … … … … …

3
50 to 25.0 mm( 2 

to 1 in.)
… … … 100 90 to 10035 to 700 to 15 … 0 to 5 … … … … …

357
50 to 4.75 mm(2 

in.to No.4)
… … … 100 95 to 100 … 35 to 70 … 10 to 30 0 to 5 … … …

4
37.5 to 19 mm(1 
1/2 to 3/4 in.)

… … … … 100 90 to 10020 to 550 to 15 … 0 to 5 … … … …

467
37.5 to 4.75 

mm(1 1/2 to No. 
… … … … 100 95 to 100 … 35 to 70 … 10 to 30 0 to 5 … … …

5
25.0 to 12.5 

mm(1 in. to 1/2 
… … … … … 100 90 to 10020 to 550 to 10 0 to 5 … … … …

56
25.0 to 9.5 mm(1 
in. to 3/8 in.)

… … … … … 100 90 to 10040 to 8510 to 400 to 15 0 to 5 … … …

57
25.0 to 4.75 
mm(1 in. to 

… … … … … 100 95 to 100 … 25 to 60 … 0 to 10 0 to 5 … …

6
19.0 to 9.5 
mm(3/4 in. to 

… … … … … … 100 90 to 10020 to 550 to 15 0 to 5 … … …

67
19.0 to 4.75 
mm(3/4 in. to 

… … … … … … 100 90 to 100 … 20 to 550 to 10 0 to 5 … …

7
12.5 to 4.75 
mm(1/2 in. to 

… … … … … … … 100 90 to 10040 to 700 to 15 0 to 5 … …

8
9.5 to 2.36 
mm(3/8 in. to 

… … … … … … … … 100 85 to 10010 to 300 to 10 0 to 5 …

89
9.5 to 1.18 
mm(3/8 in. to 

… … … … … … … … 100 90 to 10020 to 555 to 30 0 to 10 0 to 5

9A
4.75 to 1.18 
mm(No.4 to 

… … … … … … … … … 100 85 to 10010 to 400 to 10 0 to 5



(12)Specific Gravity and Absorption Test of Fine Aggregate (JISA A 1109)

( 1 2  ) S p e cific G ra v ity  a n d  A b so rp tio n  Te s t

          o f F in e  A g g re g a te

                                            ( JIS A  A  1 1 0 9  )

( 1   ) A b so rb e d  

F in e  A g g re g a te

1 kg , 2 4 h o u rs

                                            

( 2  ) D ry

D rie r

( 3  ) F lo w  C o n e

2 5  tim e s

( 4  ) S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

W e t C o n d itio n

          D ry  C o n d itio n

          C o lla p se

( 5  ) W e ig h  F LA S K :A  ( g  ) ( 6  ) P u t S a n d ,P o u r W a te r in  F LA S K

5 0 0 g  sa n d

S .S .D
5 0 0  m l  m a rk

A  ( g  ) W a te r

( 7  ) O u t B u b b le

o u t b u b b le

w a te r ta n k

2 0 + -2   d e g re e

1  h o u r

( 8  ) W e ig h  F LA S K + S a n d ( S S D  ) 5 0 0 g + W a te r:B ( g  )

B  ( g  )5 0 0  m l  m a rk

W a te r

( 9  ) W a te r W e ig h t o f  F LA S K

          W ( g  )

W = B -( 5 0 0 + A )

( 1 0  ) S p e cific G ra v ity

S p e cific G ra v ity= 5 0 0 /( 5 0 0 -W )

( 1 1  ) A b so rp tio n  Te s t

5 0 0 g

          S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

W e ig h t M e a su rin g

O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )
D ry  C o n d itio n

(  C  ) g

( 1 2  ) A b so rp tio n ( % )

A b so rp tio n  R a tio ( % ) = ( 5 0 0 -C ) / C



(13)Specific Gravity and Absorption Test of Fine Aggregate (ASTM C-128)

( 1 3  ) S p e cific G ra v ity  a n d  A b so rp tio n  Te s t

          o f F in e  A g g re g a te

                                            ( A S TM  C -1 2 8  )

( 1   ) A b so rb e d  

F in e  A g g re g a te

1 kg , 2 4 h ou rs

                                            

( 2  ) D ry

D rie r

( 3  ) F lo w  C on e

2 5  tim e s

( 4  ) S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

W e t C o n d itio n

          D ry  C on d itio n

          C o lla p se

( 5  ) M a ss  o f S a m p le  ( S S D  )  C on d ittio n ( 7  ) W e ig h  ( F LA S K + W a te r )

D :  5 0 0  ( g  )
W a te r

( 9  ) O u t B u b b le

o u t b u b b le

w a te r ta n k

2 0  d e g re e

2 4  h o u rs

( 1 0  ) W e ig h  ( F LA S K + S a n d ( S S D  ) 5 0 0 g

           + W a te r ) (  C  )  ( g  )

5 0 0  m l  m a rk

W a te r

( 1 1  ) S p e cific G ra v ity

B u lk  S p e cific G ra v ity= A /( ( B + 5 0 0  ) -C  )

( 1 4  ) A b so rp tio n  Te s t

5 0 0 g

          S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )
O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )

D ry  C o n d itio n

(  A  ) g

( 1 5  ) A b so rp tio n ( % )

A b so rp tio n  R a tio ( % ) = ( 5 0 0 -A ) /A

         S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

(  D  ) g

5 0 0  cc

(  C  ) g

( 8  ) p u t s a n d , p o u r w a te r in  F LA S K

W a te r

5 0 0 g  sa n d

S .S .D
5 0 0  cc

(  B  ) g

( 1 2  )  S .S .D   S p e cific G ra v ity

S .S .D  S p e cific G ra v ity= 5 0 0 /( ( B + 5 0 0 ) -C )

( 1 3  )  A p p a re n t  S p e cific G ra v ity

A p p a re n t  S p e cific G ra v ity= A /( ( A + B  ) -C )



(14)Specific Gravity and Absorption Test of Coarse Aggregate (JISA A 1110)

( 1 4  ) S p e cific G ra v ity  a n d  A b so rp tio n  Te s t

          o f  C o a rse   A g g re g a te

                                            ( JIS A  A  1 1 1 0   )

( 1   ) B e low  G m a x  2 5 m m  a b ou t 2  kg

         O ve r G m a x  2 5 m m  a b ou t 5 kg

( 3  ) S a tu ra te d  S u rfa ce

          D ry  C o n d itio n ( S S D  )

( 4  ) W e ig h  S a m p le  ,S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

( 5  ) W e ig h  S te e l N e t in  W a te r

( 2  ) S o a k  A g g re g a te

2 4  h o u rs

2 0 + -2  d e g re e

w a te r

C lo th
B  ( g  )C o a rse  A g g re g a te

C 1  ( g  )

( 6  ) W e ig h  S te e l N e t 

         + S a m p le ( S .S .D  ) in  W a te r
C 2  ( g  )

( 7  ) W e ig h  S a m p le  in  W a te r

( C  ) = C 2 -C 1

( 8  ) O ve n  D ry

          S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )
O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )

D ry  C on d itio n

(  A  ) g

( 1 0  ) A b so rp tio n  R a tio ( % )

A b so rp tio n  R a tio ( % ) = ( ( B -A  ) /A  ) *1 0 0

( 9  ) S p e cific G ra v ity

S p e cific G ra v ity= B/( B-C  )



(15)Specific Gravity and Absorption Test of Coarse Aggregate (ASTM C-127)

D ry C on d itio n

(  C  ) g

( 9  ) A b so rp tio n  R a tio ( % )

A b so rp tio n  R a tio ( % ) = ( ( A -C  ) /C  ) *1 0 0

( 7  ) B u lk  S p e cific G ra v ity

B u lk  S p e cific G ra v ity= C /( A -B )

( 8  ) S .S .D   S p e cific G ra v ity

S .S .D  S p e cific G ra v ity= A /( A -B )

( 1   ) B e low  G m a x  2 5 m m  a b ou t 2  kg

         O ve r G m a x  2 5 m m  a b o u t 5 kg

( 3  ) S a tu ra te d  S u rfa ce

          D ry  C o n d itio n ( S S D  )

( 4  ) W e ig h  S a m p le  ,S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

( 2  ) S o a k  A g g re g a te

2 4  h o u rs

2 0 + -2  d e g re e

w a te r

C lo th

A  ( g  )C o a rse  A g g re g a te

( 5  ) W e ig h  S te e l N e t in  W a te r

         + S a m p le ( S .S .D  )
B  ( g  )

( 6  ) O ve n  D ry

O ve n  D ry( 1 0 0 ~ 1 1 0  e g re e )

( 1 5  ) S p e cific G ra v ity  a n d  A b so rp tio n  Te s t

          o f  C o a rse   A g g re g a te

                                            ( A S TM  C -1 2 7   )



(16)Moisture Condition of Aggregate
A S TM  C  3 1 ,
A C I 2 1 1 . 1
a n d  A C I 2 1 1 . 3 .O ve n d ry A ir d ry S a tu ra te d  

S u rfa ce  d ry

D a m p  o r W e t

W d W a W s W w

A b so rp tio n
W a te r S u rfa ce  
C o n te n t

W a te r
C o n te n t

A b so rp tio n  R a tio  = ( ( W s-W d  ) / W d  ) *1 0 0

W a te r S u rfa ce  
C o n te n t   R a tio     = ( ( W w -W s  ) /W s  ) *1 0 0

S p e cific G ra v ity  ( S .S .D  ) = W s/ W d

M o is tu re  C o n te n t R a tio  = ( ( W w -W d  ) / W d  ) *1 0 0



(17)Fire Concrete ACI 216R-10 Table 2.4.1(a)

A C I 2 1 6 R -1 0

Ta b le  2 . 4 . 2 . 1 ( a  ) -D a ta  o n  M ix e s

S ym b o l C a rb

C a rb o n a te  a g g re g a te  C o n cre teTyp e  o f m ix

u n it

C e m e n t T yp e  I

C o a rs e  A g g re g a te

S a n d

A ve ra g e  U n it W e ig h t

p s i( M p a  )

W a te r

2 2 2

1 0 5 9 ( 9 m m  m a x im u m  s iz e g ra ve l )

8 1 5

1 4 1

2 2 4 0

4 0 0 0 ( 2 8  )

A ve ra g e  A ir C o n te n t 6 . 2

k g /m 3

kg /m 3

kg /m 3

kg /m 3

%

( 1 7  ) F ire  P ro o fin g  C o n cre te



(18)Batching Plant Percentage of Accuracy

B a tch in g  P la n t ( N o  1  ) B a tch in g  P la n t ( N o  2  )

S ilo  1
C e m e n t I

S ilo  2
C e m e n t V

S ilo  1
C e m e n t I

S ilo  2
C e m e n t V

( 1 8  ) B a tch in g  P la n t
P e rce n ta g e  o f A ccu ra cy

F in e  A g g re g a teC o a rse  A g g re g a te
1 0 ~ 2 0 m m

C o a rse  A g g re g a te
5 ~ 1 0 m m W a te r

A d m ix tu re
M ig h ty  9 0 R A

A d m ix tu re
M ig h ty  1 8 5 S

( A S TM  C  9 4 ,C  6 8 5  )

( + -1  %  ) ( + -2  %  ) ( + -3  %  ) ( + -1  %  )



(19)Material Finer than 75um(No.200) Sieve 2  ASTM C33 Table-1

( 1   ) F in e   A g g re g a te  1 kg   

    C o a rse  A g g re g a te  1 0 m m  2 kg

    C o a rse  A g g re g a te   2 0 m m  5 kg                                           

( 2  ) D ry
( 3  ) W e ig h  S a m p le ( 4  )   W a sh  

( 5  ) W a sh  A g g re g a te  o r S a n d ( 6  ) W a sh

A S TM  C  3 3  Ta b le -1

O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )

1 . 2 m m  S ie ve

0 . 0 7 4 m m  S ie ve

( 7  ) D ry

( 1 9  ) M a te ria l F in e r th a n  7 5 u m ( N o .2 0 0  ) S ie ve

O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )

( 3  ) W e ig h  S a m p le

( W 1 )

( W 2  )

( 9  ) M a te ria l F in e r th a n  7 5 u m ( N o .2 0 0  ) S ie ve

= ( ( W 1 -W 2  ) / W 1  ) *1 0 0



(20)Material Finer than 75um(No.200) Sieve 2  ASTM C33 Table-1



(21)Compressive Strength Test-1

2
~

3
m

m

H a rd  2 ~ 6  H o u rs

H a rd  6 ~ 2 4  H o u rs

W a sh  S u rfa ce

T a k e  O u t La ita n ce

G la s s  B o a rd

C e m e n t P a s te

W /C = 2 7 ~ 3 0 %

A fte r 2 4  h o u rs  a fe tr p la cin g

( 4   ) T a ke  O u t M o ld

W a te r T a n k  2 0 + -3  D e g re e

C u rin g

( 1   ) Te s t  P ie ce ( 2  ) P u t  C o n cre te

A S TM  C  3 9

1

2

H

H /3

H

H /3

2 5  tim e s  s tro ke s

H /3

H

H /3

2 5  tim e s  s tro ke s

H

2 5  tim e s  s tro ke s

H /3

( 3   ) C a p p in g

( 2 1  ) C o m p re s s ive  S tre n g th  Te s t



(22)Compressive Strength Test-2

( 2 2  ) C o m p re ss ive  S tre n g th  Te s t-2

A fte r 2 4  h o u rs

( 4   ) T a k e  O u t M o ld

C o m p re s s ive  V e lo c ity

2 ~ 3 k g /cm 2 /S e co n d

F a ilu re  M a x im u m  Lo a d = P  ( t )

( 9   ) C a lcu la tio n  o f C o m p re ss ive  S tre n g th ( k g /cm 2 )

C om p re s s ive  S tre n g th ( k g /cm 2 ) = P /A

P :M a x im u m  Lo a d

A :A re a

( 1 0   ) R e p o rt

1  T e s t P ie ce  N o

2  A g e s

3  D ia m e te r o f Te s t P ie ce

4  M a x im u m  Lo a d

5  C o m p re s s ive  S tre n g th

6  C u rin g  M e th o d  a n d  C o m p re ss ive  S tre n g th

7  F a ilu re  C o n d itio n  o f Te s t  P ie ce

( 1   ) Te s t  P ie ce ( 2  ) P u t  C o n cre te

A S TM  C  3 9 -9 6

1

2

H

H /3

H

H /3

2 5  tim e s  s tro ke s

H /3

H

H /3

2 5  tim e s  s tro ke s

H

2 5  tim e s  s tro ke s

H /3

( 3   ) C a p p in g

D 1D
1 M e a s u re  D ia m e te r

D = ( D 1 + D 2 ) /2

1
2 ( H )

1
2 ( H )

A A

A -A  S e ctio n

( 6 ) M e a su re  D ia m e te r
( 7  ) C o m p re s s ive  S tre n g th  M a ch in e

C e n te r

( 8  ) M e a s u re  M a x im u m  Lo a d

          o f Te s t P ie ce c F a ilu re

( 5   ) W e ig h  Te s t P ie ce

2~
3m

m

H a rd  2 ~ 6  H o u rs

H a rd  6 ~ 2 4  H o u rs

W a sh  S u rfa ce

Ta ke  O u t La ita n ce

G la s s  B o a rd

C e m e n t P a s te

W /C = 2 7 ~ 3 0 %



(23)Fluidized Concrete

H ig h  R a n g e  W a te r 
R e d u cin g  A g e n t
C *(  x     ) %

S lu m p
1 2 5 + -2 5

S lu m p
7 5 + -2 5

B a se  C o n cre te P u m p in g  C on cre te

A B C

A C I-3 0 4 R -3 6
P u m p in g  C on cre te

( 2 3  )  F lu id iz e d  C on cre te

S lu m p
1 0 0 + -2 5



(24)Compressive Strength Test

( 2 4  ) C o m p re s s iv e  S tre n g th  T e s t

A S T M  C  1 7 2
A S T M  C  3 1
A C I 3 1 8

N o  o f C u b ic  M a te rs  in  A n y

0 -3 8
3 9 -1 5 0
1 5 1 -2 7 0
G re a te r T h a n  2 7 0

N o  o f C u b ic  M a te rs  in  A n y

O n e  fo r e a ch  2 0  cu b ic  m e te rs
O n e  fo r e a ch  4 0  cu b ic  m e te rs
O n e  fo r e a ch  6 0  cu b ic  m e te rs
O n e  fo r e a ch  7 5  cu b ic  m e te rs

T e s t C y lin d e r



(25)Calibration

A C I 3 0 4  R

C a lib ra tio n

B a tch in g  P la n t E q u ip m e n t 
C a lib ta re d

( 2 5  ) C a lib ra tio n



(26)Mixing Water

S e a  W a te r

A S T M  C  9 4

D rin k in g  
W a te r

W a te r
p H  5 ~ 8 . 5

( 2 6  ) M ix in g  W a te r



(27) Concrete Component 

( 2 7  ) C o n cre te  C o m p o n e n ts

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te



(28) Concrete Volume

A ir  ( 1 ~ 8 %  )

F in e  A g g re g a te ( 2 5 ~ 3 0 %  )

C o a rs e  A g g re g a te ( 3 0 ~ 5 0 %  )

W a te r   ( 1 4 ~ 2 4 %  )  

C e m e n t ( 7 ~ 1 5 %  )

C o n cre te  1 m 3

( 2 8  ) C o n cre te  V o lu m e



(29) Concrete Volume(1)

F in e  A g g re g a te ( 2 5 ~ 3 0 %  )

C o a rs e  A g g re g a te ( 3 0 ~ 5 0 %  )

W a te r   ( 1 4 ~ 2 4 %  )  

C e m e n t ( 7 ~ 1 5 %  )

C o n cre te  V o lu m e  1 m 3

A ir  ( 1 ~ 8 %  )
A ir E n tra in e d  C o n cre te ( A ir 4 ~ 8 % )
N o n -a ir-e n tra in e d  C o n cre te ( A ir 1 ~ 3 % )

R ich  M ix  ( C e m e n t C o n te n t 1 5 %  )
Le a n  M ix  ( C e m e n t C o n te n t 7 %  )

( 2 9  ) C o n cre te  V o lu m e -1



(30) Cross Section of Harden Concrete

( 3 0  ) C ro ss  S e ctio n  o f H a rd e n e d  C o n cre te

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

A ir  



(31) Cylinders with Water Cement Ratios from 0.4 to 0.6

W /C
= 0 .4

W /C
= 0 . 5 5

W /C
= 0 .6

S
tr

en
gt

h

W /C
= 0 . 4

W /C
= 0 . 5 5

W /C
= 0 .6

( 3 1  ) C y lin d e rs  w ith  W a te r-C e m e n t
          R a tio s  fro m  0 . 4  to  0 . 7



(32) Effect of Casting Temperature on The Slump

( 3 2  ) E ffe ct o f C a s tin g  T e m p e ra tu re  o n  T h e  S lu m p

 C a s tin g  T e m p e ra tu re ,D e g re e

 S
lu

m
p

(
m

m
)

( 1 0  D e g re e  ) ( 3 5  D e g re e  )

( S lu m p  1 5 0 m m  )

( S lu m p  5 0 m m  )



(33) Workable Concrete

( 3 3  ) W o rk a b le  C o n cre te

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n



(34) Bleeding Water

( 3 4  ) B le e d in g   W a te r

A g g re g a te

B le e d in g  
 W a te r

B le e d  W a te r o n  th e  su rfa ce  o f a  
fre sh ly  p la ce d  co n cre te  s la b

C e m e n t P a s te
A g g re g a te

 
P le n ty   W a te r

 
( 2  )

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

S e g re g a tio n



(35) Good Consolidation and Bad Consolidation

G o o d  C o n s o lid a tio n  P o o r C o n s o lid a tio n

H o n e y  C o m b

( 3 5  ) G o o d  C o n s o lid a tio n  a n d  P o o r C o n so lid a tio n



(36) Effect of Void in Concrete and Compressive Strength

E ffe ct o f V o id  in  C o n cre te  ( %  )

C
o

m
p

re
ss

iv
e

 S
tr

e
n

g
th

5 % 3 0 %

( 3 6  ) E ffe ct o f V o id  in  C o n cre te  a n d  C o m p re s s ive  S tre n g th



(37) Hardened Concrete Curing

( 3 7  ) H a rd e n e d  C o n cre te    C u rin g

A g e  a t te s t, d a ys

C
o

m
p

re
ss

iv
e

 S
tr

e
n

g
th

  
M

p
a

M o is t-cu re d  e n tire  tim e

in  a ir a fte r 2 8  d a ys  m o is t cu rin g

C o n cre te  s tre n g th  in cre a se  w ith  a g e s  
a s  lo n g  a s  m o is tu re  a n d  a  fa vo ra b le  te m p e ra tu re



(38) Concrete Strength

( 3 8  ) C o n cre te  S tre n g th  

A g e  a t te s t, d a ys

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

3  d a ys 2 8  d a ys 1  ye a r 2 0  ye a r

W /C = 0 . 7

W /C = 0 . 4

C o n cre te  co n tin u e s  to  g a in  s tre n g th  fo r 
m a n y  ye a rs  w h e n  m o is tu re  is  p ro v id e d  b y
ra in fa ll 



(39) Effect of Casting  and Curing Temperature  on Strength Development

A g e  a t te s t, d a y s

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

1 0  d a ys 2 0  d a ys 3 0  d a ys

C a s tin g  a n d  cu rin g  te m p e ra tu re  3 0  d e g re e

C a s tin g  a n d  cu rin g  te m p e ra tu re  1 0  d e g re e

C o o le r te m p e ra tu re  re s u lt in  lo w e r e a rly  s tre n g th  
a n d  h ig h e r la te r s tre n g th

( 3 9  ) E ffe ct o f ca s tin g  a n d  cu rin g  te m p e ra tu re  o n  s tre n g th  d e ve lo p m e n t



(40) Water Cement Ratio and Compressive Strength

( 4 0  ) W a te r-C e m e n t R a tio  a n d  C o m p re s s ive  S tre n g th ,M p a

C
om

pr
es

si
ve

 S
tr

en
gt

h 
 M

pa

W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs



(41) Water Cement Ratio and Hydraulic Permeability

W a te r-C e m e n t R a tio

H
y
d

r a
u

l i
c
 P

e
r m

e
a

b
i l i

t y

7  d a y  m o is t, 9 0  d a ys  in  a ir

1  d a y  m o is t, 9 0  d a ys  in  a ir

C u rin g  is  im p o rta n t

( 4 1  ) W a te r-C e m e n t R a tio  a n d  H yd ra u lic P e rm e a b ility



(42) Types of Portland Cement

Typ e  I          N o rm a l
Typ e  I I         N o rm a l, a ir-e n tra in in g
Typ e  I I I         H ig h  E a rly  S tre n g th
Typ e  IV         Lo w  h e a t o f h yd ra tio n
Typ e  V          H ig h  S u lfa te  R e s is ta n ce

A S TM  C  1 5 0

( 4 2  ) T yp e s  o f P o rtla n d  C e m e n t



(43) Type I

Typ e  I          N o rm a l o r g e n e ra l u s e  ce m e n ts  in c lu d e
                    h ig h w a y  p a ve m e n ts , flo o rs , b rid g e s , a n d  b u ild in g s .

A S TM  C  1 5 0

( 4 3  ) T yp e  I



(44) Masonry Cement and Mortar Cement

( 4 4  ) M a s o n ry  C e m e n t a n d  M o rta r C e m e n t

A S T M  C  9 1M a s o n ry  C e m e n t a n d  M o rta r C e m e n t



(45) Cement Stored

( 4 5  ) C e m e n t S to re d

W h e n  s to re d  o n  th e  jo b ,C e m e n t s h o u ld  b e  p ro te cte d  
fro m  m o is tu re .



(46) Fly Ash

F ly  a s h  , a  p o w d e r re s e m b lin g  ce m e n t, h a s  b e e n  u se d  in
co n cre te  s in ce  th e  1 9 3 0 S .

th e  m o s tly  w id e ly  u s e d  s u p p le m e n ta ry  ce m e n titio u s  m a te ria l in  co n cre te
, is  a  b y  p ro d u ct o f th e  co m b u s tio n  o f p u lve riz e d  co a l in  e le ctric p o w e r g e n e ra tio n  
p la n ts .

A S TM  C  6 1 8
( 4 6  ) F ly  a s h



(47) Fly Ash Workability

( 4 7  ) F ly  a s h :W o rk a b ility

F ly  a s h  im p ro ve  w o rk a b ilityo f co n cre te  o f e q u a l ce m e n t.

S ilica  fu m e  m a y  co n trib u te  to  s tick in e s s  o f a  co n cre te  m ix tu re
; a d ju s tm e n ts ; in c lu d in g  th e  u s e  o f h ig h  ra n g e  
w a te r re d u ce rs ,m a y  b e  re q u ire d  to  m a in ta in  w o rk a b ility  
a n d  co m p a ctio n  a n d  fin is h in g .



(48)Silica Fume Pump Ability

S ilica  fu m e  is  th e  m o s t e ffe ctiv e  p u m p a b ility , e s p e c ia lly  in  le a n  m ix tu re s .

( 4 8  ) S ilica  fu m e :P u m p a b ility

T h a n k s  a  lo t
Y o u  a re  w e lco m e



(49) Effect of  a Slag on Heat of Hydration 

( 4 9  ) E ffe ct o f a  s la g  o n  h e a t o f h yd ra tio n

H
ea

t,p
er

ce
nt

 o
f T

yp
e 

I 
ce

m
en

t a
t 2

8 
da

ys

T im e , d a ys

A S T M  T yp e  I C e m e n t

7 0 %  s la g



(50) Mixing Water for Concrete

S e a  W a te r

A S TM  C  9 4

D rin k in g  
W a te r

W a te r
p H  5 ~ 8 . 5

( 5 0  ) M ix in g  W a te r fo r C o n cre te



(51) Chloride

A C I 3 1 8

P e rce n ta g e s  b y  m a s  o f ce m e n t

P re s tre sse d  C on cre te                                                                                        0 . 0 6 %

R e in fo rce d  co n cre te   e xp o se d  to  ch lo rid e  in  se rv ice                                         0 . 1 5 %

O th e r re in fo rce d  co n cre te  co n s tru ctio n                                                             0 . 3 0 %

R e in fo rce d  co n cre te   th a t w ill b e  d ry  o r p ro te cte d  from  m o is tu re  in  se rv ice      1 . 0 0 %

( 5 1  ) C h lo rid e



(52) Water Content, Slump and Cement Content

( 5 2  ) W a te r C o n te n t,S lu m p  
          a n d  C e m e n t C o n te n t

W a te r C o n te n t

C
e

m
e

n
t

 C
o

n
te

n
t

S
lu

m
p

,m
m

W a te r C o n te n t

W /C = 0 . 4

W /C = 0 . 7

W /C = 0 . 5 5

S
L=

5 0
m

m

S
L=

9 .
5m

m

S
L=

2 5
m

m



(53) Relation between Strength and Water Cement Ratio

( 5 3  ) R e la tio n s h ip  b e tw e e n  S tre n g th  a n d  W /C
C

o
m

p
re

s
s

iv
e

 S
tr

e
n

g
th

                                                  W /C

                                                  C /W



(54) Method of Concrete Transporting 

( 6  ) T re m ie  P ip e +  C ra n e

( 5 4  ) M e th o d s  o f C o n cre te  T ra n sp o rtin g  

( 4  )  C o n cre te  P u m p

M e th o d s  o f C o n cre te  T ra n sp o rtin g  
1  A d ita to r M ixe r ( T ra n sp o rtin g  T im e  w ith in  1 . 5 -2 .0  H o u rs  )
  B e fo re  U n lo a d in g ,H ig h  V e lo city  Tu rn in g
  D u m p  T ra ck ( T ra n sp o rtin g  T im e  w ith in  1 . 0  H o u r )
2  C ra n e + B u cke t
  N o  S e g re g a tio n
3  B e lt C o n ve yo r
  C o ve r to  a vo id  E va p o ra tio n
4  C o n cre te  P u m p
   P la s tic a n d  W o rka b le
5  C h u te
6  T re m ie  P ip e  + C ra n e
   

( 5  ) C o n cre tin g
O b liq u e  C h u te

b e lo w  1 .5 m

( 3  )  B e lt C o n ve yo r
  C o ve r to  a vo id  E va p o ra tio n

   

b e lo w  3 0  d e g re e

( 2  )  C ra n e + B u cke t
       N o  S e g re g a tio n
   

( 1 )  A d ita to r M ixe r ( T ra n sp o rtin g  T im e  w ith in
        1 . 5 -2 .0  H o u rs  )
        B e fo re  U n lo a d in g ,H ig h  V e lo city  Tu rn in g
        D u m p  T ra ck ( T ra n sp o rtin g  T im e  
          w ith in  1 . 0  H o u r )
     



(55) Concrete

A ir  

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

E n tra p p e d  A ir

A d m ix tu re
 E n tra in e d  A ir

A cce ra tin g
R e ta rd in g
W o rka b ility
R e d u cin g  W a te r C o n te n t
Im p ro ve  C o m p re s s ive  S tre n g th

( 5 5  ) C o n cre te



(56) Concrete Mix Proportion

E n tra p p e d  A ir

A d m ix tu re
 E n tra in e d  A ir

A cce ra tin g
R e ta rd in g
W o rka b ility
R e d u cin g  W a te r C o n te n t
Im p ro ve  C o m p re ss ive  S tre n g th

E co n om y

D u ra b ilityS tre n g th

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

( 5 6  ) C o n cre te  M ix  P ro p o rtio n  

A ir  



(57) Concrete Technology

( 5 7  ) C o n cre te  Te ch n o lo g y

( 1  ) C o n cre te  C o m p re ss ive  S tre n g th
        -W a te r C e m e n t R a tio

                  W /C

  
  

  
  

  
  

  
  

  
S

tr
e

n
g

th

( 2  ) A ir ( E n tra in e d  A ir ) -D u ra b ility

( 3  ) E co n o m y-A d im ix tu re

M ix  P ro p o rtio n



(58) Concrete Trial Mix

( 1  ) C o n cre te  C o m p re ss ive  S tre n g th
        -W a te r C e m e n t R a tio

                  W /C

  
  

  
  

  
  

  
  

  
S

tr
e

n
g

th

( 2  ) A ir ( E n tra in e d  A ir ) -D u ra b ility

( 3  ) E co n o m y-A d im ix tu re

M ix  P ro p o rtio n

T ria l M ix  ( La b o ra to ry  )

T ria l B a tch ( B a tch in g  P la n t )

( 5 8  ) C o n cre te  T ria l M ix



(59) Concrete Mix Proportion

( F in is h a b ility  )

( S tre n g th  )
( D u ra b ility  )

( F in is h  )

G ra d in g  o f A g g re g a te ,  S h a p e
C e m e n t C o n te n t ,  E n tra in e d  A ir
A d m ix tu re

( 5 9  ) C o n cre te  M ix  P ro p o rtio n



(60) Consistency

( 6 0  ) C o n s is te n cy

A S TM  C  1 4 3

S lu m p ( cm  ) - H ig h

S o ft H a rd

C on s is te n cy M e a su re d  b y  S lu m p

S lu m p ( cm  ) - Low

C on s is te n cy -W o rka b ility



(61) Consistency-Water

H a rd

S lu m p ( cm  ) - Lo w

C o n s is te n cy  -W o rk a b ility

C o n s is te n cy  -R e q u ire d  W a te r C o n te n t

A g g re g a te
R o u n d

W a te r-L ittle

A g g re g a te
M a x im u m  
S iz e

W a te r-L ittle

E n tra in e d  
A ir

W a te r-L ittle

( 6 1  ) C o n s is te n cy

S lu m p ( cm  ) - H ig h

S o ft



(62) Strength

( 6 2  ) S tre n g th

S tre n g th

D u ra b ilityP e rm e a b ility

C e m e n t C o n te n t
W a te r C o n te n t

S
tr

e
n

g
th

C e m e n t W a te r R a tio



(63) Durability

( 6 3  ) D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d icin e
Ice

A lka li-A g g re g a te  re a ctio n
      A lk a li C e m e n t

S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  Th a w in g  A ctio n
       A E  C on cre te -E tra in e d  A ir



(64) Concrete Mix Proportion

( 6 4  ) C o n cre te  M ix  P ro p o rtio n

D a ta

1  S ie ve  A n a ly s is  T e s t
2  U n it W e ig h t T e s t
3  S p e c ific   G ra v ity  , A b s o rp tio n  o f C o a rs e  A g g re g a te
4  W a te r C o n te n t
5  S tre n g th  a n d  W /C



(65) Mix Proportion of Concrete

T yp e G ra d e S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C o m p re s s iv e S tre n g th
C o a rs e  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rk s

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rs e  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L  ) ( W /C  ) ( s /a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e c ific  G ra v ity

V o lu m e

( 6 5  ) M ix  P ro p o rtio n  o f C o n cre te



(66) Mix Proportion Step

Typ e G ra d e S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C o m p re ss ive S tre n g th
C o a rse  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rks

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rse  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L ) ( W /C  ) ( s/a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e cific G ra v ity

V o lu m e

( 6 6  ) F irs t S te p -S lu m p



(67) Mix Proportion Step-Slump

T yp e G ra d e S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C o m p re s s iv e S tre n g th
C o a rs e  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rk s

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rs e  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L  ) ( W /C  ) ( s /a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e c ific  G ra v ity

V o lu m e

( 1  )   S lu m p
( 2  )   M a x im u m  D im e n s io n  o f A g g re g a te
( 3  )   W a te r a n d  A ir C o n te n t
( 4  )   W a te r C e m e n t R a tio
( 5  )   C a lcu la te  C e m e n t C o n te n t
( 6  )   C a lcu la te  A g g re g a te  C o n te n t
( 7  )   C a lcu la te  F in e  A g g re g a te
( 8  )   A d ju s t A g g re g a te  M o is tu re  C o n te n t
( 9  )   A d ju s t T ria l B a tch

 

( 6 7  ) M ix  P ro p o rtio n  S te p



(68) Mix Proportion Step-Maximum Size of Aggregate

( 6 8  ) M ix  P ro p o rtio n  S te p -

T yp e G ra d e S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C o m p re s s ive S tre n g th
C o a rs e  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rk s

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rs e  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L  ) ( W /C  ) ( s /a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e c ific  G ra v ity

V o lu m e

( 3  )   W a te r a n d  A ir C o n te n t

 



(69) ACI 211.1 Mix Proportion Step(1)-Water and Air Content
84 Mix Proportion Calculation

1 Cement Type  I Specific Gravity3.15
2 Grading of Coarse or Fine Aggregate
3 Coarse Aggregate Specific Gravity 2.68 Absorption0.50%

4 Fine Aggregate Specific Gravity 2.64 Absorption0.70%

Fineness Modules 2.8
5 Compressive Strength (Ages 28 days) 250kg/cm2
6 Slump 8-10cm
7 Coarse Aggregate Grading 5-40mm
8 Compacted Weight of Coarse Aggregate 1600kg/m3

1 Step Slump 8-10cm
2 Step Coarse Aggregate Grading 5-40mm
3 Step Plain Concrete

Aggregate Gmax 40mm



69 70 ACI 211.1 Table 5.3.3 -Approximate Mixing Water 
and Air Content Requirements for Different Slumps and 
Nominal Maximum Sizes of Aggregate (SI)

Slum
p(cm)

Aggregate Maximum Dimension (mm)
10 12.5 20 25 40 50 70 150

Plain Concrete
3-5 205 200 185 180 160 155 145 125

8-10 225 215 200 195 175 170 160 140
15-18 240 230 210 205 185 180 170 -
Entra
pped 

3 2.5 2 1.5 1 0.5 0.3 0.2

AE Concrete
3-5 180 175 165 160 145 140 135 120

8-10 200 190 180 175 160 155 150 135
15-18 215 205 190 185 170 165 160 -

Air 
Cont

8 7 6 5 4.5 4 3.5 3

Estimated Water 175kg/m3
Entrapped Air 1%



4 Step Strength-W/C Plain Concrete
Strength 250kg/cm2
W/C 0.62

71 ACI 211.1 Table A1.5.3.4(a) 
Relationships between Water-Cement Ratio 
and Compressive Strength of Concrete (SI) 

Compressive 
Strength  Ages 28 

Days(kg/cm2)

Water Cement Ratio W/C
Plain Concrete AE Concrete

450 0.38

400 0.43

350 0.48 0.4

300 0.55 0.46

250 0.62 0.53

200 0.7 0.61

150 0.8 0.71

Compressive Strength,Wet Curing in 28 
days,23+-1.7 degree



5 Step Cement Content C=175/0.62=282kg/m3

Concrete Mix Proportion

Adjustment Moisture Content

specifiv 
gravity(
%)

absorpti
on(%)

moistur
e 
content(

Water 
surface 
content(

Content
(kg/m3)

Correcti
on(kg/
m3)

Correct
ed(kg/
m3)

(1) (2) (3)=(2)-(1)(4) (5)=(3)*(4)*0.01 (6)=(4)+(5)
Water
Fine Aggregate
G1:Aggregate(5

~10mm)G2:Aggregate(1
0~20mm)

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 
cement 
ratio

sand 
percent
age

Cement Water
Fine 
Aggreg
ate

Coarse AggregateAdmixtu
re AdmixtureComprssive Strength(kgf/cm2)Remarks density kg/m3

(SL) air W/C s/a C W s CA(5~1
0mm)

CA(10~
20mm)

(% of 
weight 
of 
cement
)

(% of 
weight 
of 
cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 Weight

3.15 1 Specific Gravity

10 90 175 Volume



6 Step Coarse Aggregate Content
Fineness Modules 2.8
Coarse Aggregate Maximum Dimension 40mm
Dry Compacted Volume of Coarse Aggregate0.72m3
Compacted Weight of Coarse Aggregate 1600kg/m3
Dry Compacted Weight of Coarse Aggregate0.72*1600=1152kg

75-ACI 211.1 Table A1.5.3.6 Volume of Coarse Aggregate per 
Unit Volume of Concrete (SI) 

Maximum 
Size of 
Coarse 

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

10 0.5 0.48 0.46 0.44

12.5 0.59 0.57 0.55 0.53

20 0.66 0.64 0.62 0.6

25 0.71 0.69 0.67 0.65

40 0.76 0.74 0.72 0.7

50 0.78 0.76 0.74 0.72

70 0.81 0.79 0.77 0.75

150 0.87 0.85 0.83 0.81

ASTM C29 Unit Weight of Concrete



(2) Volumetric Method
7-1 Step (1) Gravimetric Method

Maximum Dimension of Coarse Aggregate 40mm Plain Concrete
Plain Concrete Unit Weight of Fresh Concrete2420kg

78-ACI 211.1 Table A1.5.3.7.1 First 
Estimate of Mass of Fresh Concrete 

(SI)
Aggregate 
Maximum 

Fresh ConcreteAE Concrete

10 2285 2190
12.5 2315 2235
20 2355 2280
25 2375 2315
40 2420 2355 2420-(175+282+1152)=811kg
50 2445 2375
70 2465 2400

150 2505 2435
Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 
cement 
ratio

sand 
percent
age

Cement Water
Fine 
Aggreg
ate

Coarse AggregateAdmixtu
re Admixture Comprssive 

Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~1
0mm)

CA(10~
20mm)

(% of 
weight 
of 
cement
)

(% of 
weight 
of 
cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 811 1152 Weight

3.15 1 Specific Gravity

10 90 175 Volume



7-2 Step (2) Volumetric Method

69 70 ACI 211.1 Table 5.3.3 -Approximate Mixing Water 
and Air Content Requirements for Different Slumps and 
Nominal Maximum Sizes of Aggregate (SI)

Slum
p(cm)

Aggregate Maximum Dimension (mm)
10 12.5 20 25 40 50 70 150

Plain Concrete
3-5 205 200 185 180 160 155 145 125

8-10 225 215 200 195 175 170 160 140
15-18 240 230 210 205 185 180 170 -
Entra
pped 

3 2.5 2 1.5 1 0.5 0.3 0.2

AE Concrete
3-5 180 175 165 160 145 140 135 120

8-10 200 190 180 175 160 155 150 135
15-18 215 205 190 185 170 165 160 -

Air 
Cont

8 7 6 5 4.5 4 3.5 3



Grade Gmax Slump air
water 
cement 
ratio

sand 
percent
age

Cement Water
Fine 
Aggreg
ate

Coarse AggregateAdmixtu
re Admixture Comprssive 

Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~1
0mm)

CA(10~
20mm)

(% of 
weight 
of 
cement
)

(% of 
weight 
of 
cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 779 1152 Weight

3.15 1 2.64 2.68 Specific Gravity

10 90 175 295 430 Volume(cc) 1000cc
=1000-(10+90+175+430)=295



8 Step Water Content(%) Absorption(%)
Coarse Aggregate 2% 0.5
 Fine Aggregate 6% 0.7

Concrete Mix Proportion

Adjustment Moisture Content
specifiv 
gravity(
%)

absorpti
on(%)

moistur
e 
content(

Water 
surface 
content(

Content
(kg/m3)

Correcti
on(kg/
m3)

Correct
ed(kg/
m3)

(1) (2) (3)=(2)-(1)(4) (5)=(3)*(4)*0.01 (6)=(4)+(5)
Water 175 -60 115
Fine Aggregate 2.64 0.7 6.0 5.3 811 43 854 (Wet)
G1:Aggregate(5

~10mm)
2.68 0.5 2.0 1.5 1152 17 1169 (Wet)

G2:Aggregate(1
0~20mm)

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 
cement 
ratio

sand 
percent
age

Cement Water
Fine 
Aggreg
ate

Coarse AggregateAdmixtu
re Admixture Comprssive 

Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~1
0mm)

CA(10~
20mm)

(% of 
weight 
of 
cement
)

(% of 
weight 
of 
cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 779 1152 Weight 2388 

3.15 1 2.64 2.68 Specific Gravity

10 90 175 295 430 Volume(cc) 1000 



9 Step Trial Batch
1000cc 282 115 854 1169

20cc 5.64 2.30 #### 23.38 Trial Batch 

Slump =5cm Slump =9cm

Slump 1cm Increase=Water 2kg/m3 Increase
Water 8kg/m3 Increase

=175+8=183 kg/m3
Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 
cement 
ratio

sand 
percent
age

Cement Water
Fine 
Aggreg
ate

Coarse AggregateAdmixtu
re Admixture Comprssive 

Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~1
0mm)

CA(10~
20mm)

(% of 
weight 
of 
cement
)

(% of 
weight 
of 
cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 295 183 748 1152 Weight 2378 

3.15 1 2.64 2.68 Specific Gravity2.378 
10 94 183 283 430 Volume(cc) 1000 



(70) ACI 211.1 Mix Proportion Step(2)-Water and Air Content



(71) ACI 211.1 Mix Proportion Step(3)
71 ACI 211.1 Table A1.5.3.4(a) Relationships between Water-Cement 

Ratio and Compressive Strength of Concrete (SI) 

Compressive Strength  Ages 
28 Days(kg/cm2)

Water Cement Ratio W/C

Plain Concrete AE Concrete

450 0.38

400 0.43

350 0.48 0.4

300 0.55 0.46

250 0.62 0.53

200 0.7 0.61

150 0.8 0.71

Compressive Strength,Wet Curing in 28 days,23+-1.7 degree



(72) ACI 211.1 Mix Proportion Step(4-1) Water Cement Ratio
71 ACI 72-ACI 211.1 Table A1.5.3.4(b) Maximum Permissible Water-Cement Ratios for 

Concrete in Severe Exposures (SI)

Compressive Strength  
Ages 28 Days(kg/cm2)

Water Cement Ratio W/C

Type of Structure Wet Condition or Freezing 
and Thawing Action

Sea Water or Sodium 
Sulfate ChloridePlain Concrete AE 

450 0.38

400 0.43
Thin Section(Hand 

Rail,Beam,below Covering 
3 cm)

0.45 0.4350 0.48 0.4

300 0.55 0.46

Other Structure 0.5 0.45
250 0.62 0.53

200 0.7 0.61

150 0.8 0.71 ACI Committee 201(Durability of Concrete in Service)

Compressive Strength,Wet Curing in 28 days,23+-1.7 degree



(73) ACI 211.1 Mix Proportion Step(4-2) Strength with Cubic Specimen

1 5 cm

15
cm

T e s t C y lin d e r

1 0 0  %  C o m p re s s ive  S tre n g th

1 2 0  %  C o m p re s s ive  S tre n g th

S a m e  C o n cre te

A S TM  C  3 1

                                     S tre n g th  w ith  C u b ic S p e cim e n

( 2 0 1  ) T e s t P ie ce  a n d  S tre n g th  ( I  )

1 0 cm
1 5 cm

3 0 cm
2 0 cm

S a m e  S tre n g th

1 5 cm

3 0 cm

1 5 cm

1 5 cm
1 5 cm

S tre n g th
1 0 0 %

S tre n g th
A b o u t 8 7 %

C y lin d e r C u b ic



(74) ACI 211.1 Mix Proportion Step(5) Calculate Cement Content

Typ e

G ra d e

S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C om p re ss ive S tre n g th
C oa rse  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rks

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rse  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L ) ( W /C  ) ( s/a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e cific G ra v ity

V o lu m e

( 5  )   C a lcu la te  C e m e n t C on te n t

 

0 . 3 882 0

W /C = 0 .3 8
W = 1 8 0
C = 4 7 4

4 7 4  1 8 0

A ir

( %  )

( 7 4  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p



(75) ACI 211.1 Mix Proportion Step(6) Calculate Coarse Aggregate Content

Typ e

G ra d e

S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C om p re ss ive S tre n g th
C oa rse  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rks

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rse  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L ) ( W /C  ) ( s/a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e cific G ra v ity

V o lu m e

( 6  )   C a lcu la te  C o a rse  A g g re g a te  C on te n t

A ir

( %  )

( 7 5  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p



(76) ACI 211.1 Mix Proportion Step(7) Calculate Fine Aggregate Content

Typ e

G ra d e

S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C o m p re ss ive S tre n g th
C o a rse  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rks

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rse  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L  ) ( W /C  ) ( s /a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e cific G ra v ity

V o lu m e

( 7  )   C a lcu la te  F in e  A g g re g a te  C o n te n t

0 . 3 882 0

W /C = 0 .3 8
W = 1 8 0
C = 4 7 4

4 7 4  1 8 0

A ir

( %  )

( 7 6  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p



(77) ACI 211.1 Mix Proportion Step(8-1) Calculate Fine Aggregate Content



(78) ACI 211.1 Mix Proportion Step(8-2) Calculate Unit Weight of Fresh Concrete



(79) ACI 211.1Mix Proportion Step(8-3) Calculate Fine Aggregate Content

( 7 9  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p

Typ e
G ra d e

S lu m p
W a te r
C e m e n t 
R a tio

S a n d
P e rce n
ta g e

C e m e n t W a te r

F in e  
A g g re
g a te

A d m ix
tu re

C o m p re s s ive S tre n g th
C o a rs e  
A g g re
g a te

( G 1 )

A d m ix
tu re

R e m a rk s

3  d a ys 7  d a ys 2 8  d a ys

A g g re
g a te
M a x
D im e n

( cm  ) ( %  ) ( %  ) ( k g /m 3  ) ( k g /m 3  )( k g /m 3  ) ( k g /m 3  ) ( k g /m 3  )

C o a rs e  
A g g re
g a te

( G 2 )

( l/m 3  ) ( l/m 3  )( m m  )

( S L  ) ( W /C  ) ( s /a  ) ( C  ) ( W  ) ( s  ) ( G 1  ) ( G 2 )G M a x

( M p a  ) ( M p a  ) ( M p a  )

W e ig h t

S p e c ific G ra v ity

V o lu m e

( 8 -3 )   C a lcu la te  F in e  A g g re g a te  C o n te n t

A ir

( %  )

G ra v im e tric  M e th o d
V o lu m e tric  M e th o d



(80) ACI 211.1 Mix Proportion Step(8-4)  Adjustment of Aggregate Moisture Content



(81) ACI 211.1 Mix Proportion Step(9)  Adjustment Trial Batch

( 8 1  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p
( 9  ) A d ju s tm e n t o f T ria l B a tch

A S TM  C  1 9 2  M a k in g  a n d  C u rin g  C o n cre te  C om p re ss io n  
                      a n d  F le xu re  Te s t S p e cim e n s  in  Th e  La b o ra to ry
A S TM  C  1 3 8                             U n it W e ig h t o f C o n cre te
A S TM  C  1 3 8 ,C 1 7 3  o r C 2 3 1      A ir C o n te n t
 

C h e ck  W o rka b ility
S e g re g a tio n
F in ish a b ility



(82) ACI 211.1 Mix Proportion Step(9-1)  Adjustment Trial Batch -Slump -Water Content

S lu m p  1 cm  In cre a s e  o r D e cre a s e
W a te r  2 k g /m 3  p e r C o n cre te  V o lu m e  1 m 3
D e cre s e  o r In cre s e

S lu m p ( cm  )

S o ft H a rd

( 8 2  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p

( 9 -1  ) A d ju s tm e n t o f T ria l B a tch
           S lu m p -W a te r C o n te n t



(83) ACI 211.1 Mix Proportion Step(9-2)  Adjustment Trial Batch -Slump -Water Content

A ir C o n te n t 1 %  In cre a s e  o r D e cre a s e
W a te r  3 k g /m 3  p e r C o n cre te  V o lu m e  1 m 3
D e cre s e  o r In cre s e

( 8 3  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p

( 9 -2  ) A d ju s tm e n t o f T ria l B a tch
           A ir C o n te n t-W a te r C o n te n t



(84) ACI 211.1 Mix Proportion Step Calculation(1)

84 Mix Proportion Calculation
1 Cement Type  I Specific Gravity 3.15
2 Grading of Coarse or Fine Aggregate
3 Coarse Aggregate Specific Gravity 2.68 Absorption 0.50%
4 Fine Aggregate Specific Gravity 2.64 Absorption 0.70%

Fineness Modules 2.8

5 Compressive Strength (Ages 28 days) 250kg/cm2
6 Slump 8-10cm

7 Coarse Aggregate Grading 5-40mm

8 Compacted Weight of Coarse Aggregate 1600kg/m3



1 Step Slump 8-10cm
2 Step Coarse Aggregate Grading 5-40mm
3 Step Plain Concrete

Aggregate Gmax 40mm

69 70 ACI 211.1 Table 5.3.3 -Approximate Mixing Water and Air Content 

Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate (SI)

Slump

(cm)

Aggregate Maximum Dimension (mm)
10 12.5 20 25 40 50 70 150

Plain Concrete
3-5 205 200 185 180 160 155 145 125
8-10 225 215 200 195 175 170 160 140
15-18 240 230 210 205 185 180 170 -

Entrappe

d Air(%)
3 2.5 2 1.5 1 0.5 0.3 0.2

AE Concrete
3-5 180 175 165 160 145 140 135 120
8-10 200 190 180 175 160 155 150 135
15-18 215 205 190 185 170 165 160 - Estimated Water 175kg/m3
Air 

Content(
8 7 6 5 4.5 4 3.5 3

Entrapped Air 1%

4 Step Strength-W/C Plain Concrete Strength 250kg/cm2 W/C 0.62%

71 ACI 211.1 Table A1.5.3.4(a) Relationships between Water-Cement Ratio 
and Compressive Strength of Concrete (SI) 

Compressive Strength  Ages 28 
Days(kg/cm2)

Water Cement Ratio W/C

Plain Concrete AE Concrete

450 0.38

400 0.43

350 0.48 0.4

300 0.55 0.46

250 0.62 0.53

200 0.7 0.61

150 0.8 0.71

Compressive Strength,Wet Curing in 28 days,23+-1.7 degree



5 Step Cement Content C=175/0.62=282kg/m3

Concrete Mix Proportion

Adjustment Moisture Content

specifiv 

gravity(%)

absorption(

%)

moisture 

content(%)

Water 

surface 

content(%)

Content(kg/

m3)

Correction(

kg/m3)

Corrected(k

g/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)

Water

Fine Aggregate

G1:Aggregate(5~10mm)

G2:Aggregate(10~20mm)

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

250 40 10 1 62 282 175 Weight

3.15 1 Specific Gravity

10 90 175 Volume

6 Step Coarse Aggregate Content
Fineness Modules 2.8

Coarse Aggregate Maximum Dimension 40mm

Dry Compacted Volume of Coarse Aggregate 0.72m3
Compacted Weight of Coarse Aggregate 1600kg/m3

Dry Compacted Weight of Coarse Aggregate 0.72*1600=1152kg

75-ACI 211.1 Table A1.5.3.6 Volume of Coarse Aggregate per Unit Volume of Concrete (SI) 

Maximum Size of 
Coarse Aggregate

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

10 0.5 0.48 0.46 0.44
12.5 0.59 0.57 0.55 0.53
20 0.66 0.64 0.62 0.6
25 0.71 0.69 0.67 0.65
40 0.76 0.74 0.72 0.7
50 0.78 0.76 0.74 0.72
70 0.81 0.79 0.77 0.75
150 0.87 0.85 0.83 0.81

ASTM C29 Unit Weight of Concrete



7 Step Fine Aggregate Content
(1) Gravimetric Method
(2) Volumetric Method

7-1 Step (1) Gravimetric Method

Maximum Dimension of Coarse Aggregate 40mm Plain Concrete

Plain Concrete Unit Weight of Fresh Concrete 2420kg

78-ACI 211.1 Table A1.5.3.7.1 First Estimate of Mass 

of Fresh Concrete (SI)

Aggregate Maximum 

Dimension(mm)
Fresh Concrete AE Concrete

10 2285 2190
12.5 2315 2235
20 2355 2280
25 2375 2315
40 2420 2355 2420-(175+282+1152)=811kg
50 2445 2375
70 2465 2400
150 2505 2435

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

250 40 10 1 62 282 175 811 1152 Weight

3.15 1 Specific Gravity

10 90 175 Volume



7-2 Step (2) Volumetric Method

69 70 ACI 211.1 Table 5.3.3 -Approximate Mixing Water and Air Content 

Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate (SI)

Slump

(cm)
Aggregate Maximum Dimension (mm)

10 12.5 20 25 40 50 70 150
Plain Concrete

3-5 205 200 185 180 160 155 145 125
8-10 225 215 200 195 175 170 160 140
15-18 240 230 210 205 185 180 170 -

Entrappe

d Air(%)
3 2.5 2 1.5 1 0.5 0.3 0.2

AE Concrete
3-5 180 175 165 160 145 140 135 120
8-10 200 190 180 175 160 155 150 135
15-18 215 205 190 185 170 165 160 -
Air 

Content(
8 7 6 5 4.5 4 3.5 3

=295*2.64=779
Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

250 40 10 1 62 282 175 779 1152 Weight

3.15 1 2.64 2.68 Specific Gravity

10 90 175 295 430 Volume(cc) 1000cc
=1000-(10+90+175+430)=295

8 Step Water Content(%) Absorption(%)
Coarse Aggregate 2% 0.5
 Fine Aggregate 6% 0.7



Concrete Mix Proportion

Adjustment Moisture Content
specifiv 

gravity(%)

absorption(

%)

moisture 

content(%)

Water 

surface 

content(%)

Content(kg/

m3)

Correction(

kg/m3)

Corrected(k

g/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)

Water 175 -60 115

Fine Aggregate 2.64 0.7 6.0 5.3 811 43 854 (Wet)
G1:Aggregate(5~10mm)

2.68 0.5 2.0 1.5 1152 17 1169 (Wet)
G2:Aggregate(10~20mm)

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

250 40 10 1 62 282 175 779 1152 Weight 2388 
3.15 1 2.64 2.68 Specific Gravity

10 90 175 295 430 Volume(cc) 1000 

9 Step Trial Batch
1000cc 282 115 854 1169
20cc 5.64 2.30 17.08 23.38 Trial Batch 

Slump =5cm Slump =9cm

Slump 1cm Increase=Water 2kg/m3 Increase
Water 8kg/m3 Increase

=175+8=183 kg/m3
Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

250 40 10 1 62 295 183 748 1152 Weight 2378 
3.15 1 2.64 2.68 Specific Gravity 2.378 

10 94 183 283 430 Volume(cc) 1000 



(85) ACI 211.1 Mix Proportion Step Calculation(2)



(86) ACI 211.1 Mix Proportion Step Calculation(3)



(87) ACI 211.1 Mix Proportion Step Calculation(4)



(88) ACI 211.1 Mix Proportion Step Calculation(5)



(89) ACI 211.1 Mix Proportion Step Calculation(6)



(90) ACI 211.1 Mix Proportion Step Calculation(7)



(91) ACI 211.1 Mix Proportion Step Calculation(8)



(92) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(1)



(92) ACI 211.1 Heavy Weight Structure Concrete
Condition

1 Heavy Weight Structure Concrete
2 Under Water 
3 Compressive Strength (Ages 28 days) 210kg/cm2
4 Slump 3-5cm
5 Shape of Aggregate 5-20mm
6 Dry Compacted Weight of Coarse Aggregate 1522kg/m3

8 Cement Type  I Specific Gravity 3.15
Grading of Coarse or Fine Aggregate
Coarse Aggregate Specific Gravity 2.68 Absorption 0.50%
Fine Aggregate Specific Gravity 2.64 Absorption 0.70%

Fineness Modules 2.8
1 Step Slump 3-5cm
2 Step Coarse Aggregate Grading 5-25mm
3 Step AE Concrete Under Aeration

Aggregate Gmax 25mm

69 70 ACI 211.1 Table 5.3.3 -Approximate Mixing Water and Air Content 

Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate (SI)

Slump

(cm)

Aggregate Maximum Dimension (mm)
10 12.5 20 25 40 50 70 150

Plain Concrete
3-5 205 200 185 180 160 155 145 125
8-10 225 215 200 195 175 170 160 140
15-18 240 230 210 205 185 180 170 -

Entrappe

d Air(%)
3 2.5 2 1.5 1 0.5 0.3 0.2

AE Concrete
3-5 180 175 165 160 145 140 135 120
8-10 200 190 180 175 160 155 150 135
15-18 215 205 190 185 170 165 160 -
Air 

Content(
8 7 6 5 4.5 4 3.5 3

Estimated Water 160kg/m3
Entrapped Air 5%



4 Step Strength-W/C AE Concrete Adapt Smaller
Strength 210kg/cm2
W/C 0.59 W/C 0.5

71 ACI 211.1 Table A1.5.3.4(a) Relationships between Water-

Cement Ratio and Compressive Strength of Concrete (SI) 

72-ACI 211.1 Table A1.5.3.4(b) Maximum Permissible Water-Cement Ratios for 

Concrete in Severe Exposures (SI)

W/C and Compressive Strength Allowable Water Cement Ratio

Compressive Strength  Ages 

28 Days(kg/cm2)
Water Cement Ratio W/C

Type of Strucutre
Wet Condition or Freezing 

and Thawing Action

Sea Water or Sodium 

Sulfate Chloride
Plain Concrete AE Concrete

450 0.38

400 0.43 Thin Section(Hand 

Rail,Beam,below Covering 3 

cm)

0.45 0.4
350 0.48 0.4

300 0.55 0.46

Other Strucure 0.5 0.45
250 0.62 0.53

200 0.7 0.61

150 0.8 0.71
ACI Committee 201(Durability of Concrete in Service)

Compressive Strength,Wet Curing in 28 days,23+-1.7 degree
ASTM C 31



5 Step Cement Content C=160/0.5=320kg/m3

Concrete Mix Proportion

Adjustment Moisture Content

specifiv 

gravity(%)

absorption(

%)

moisture 

content(%)

Water 

surface 

content(%)

Content(kg/

m3)

Correction(

kg/m3)

Corrected(k

g/m3)

(1) (2) (3)=(2)-(1) (4)
(5)=(3)*(
4)*0.01

(6)=(4)+(5)

Water

Fine Aggregate

G1:Aggregate(5~10mm)

G2:Aggregate(10~20mm)

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

250 40 5 5 0.5 320 160 Weight

3.15 1 Specific Gravity

50 102 160 Volume



6 Step Coarse Aggregate Content
Fineness Modules 2.8
Coarse Aggregate Maximum Dimension 25mm
Dry Compacted Volume of Coarse Aggregate 0.67m3
Compacted Weight of Coarse Aggregate 1522kg/m3
Dry Compacted Weight of Coarse Aggregate 0.67*1522=1020kg

75-ACI 211.1 Table A1.5.3.6 Volume of Coarse Aggregate per Unit Volume of Concrete (SI) 

Maximum Size of 

Coarse Aggregate

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

10 0.5 0.48 0.46 0.44

12.5 0.59 0.57 0.55 0.53

20 0.66 0.64 0.62 0.6

25 0.71 0.69 0.67 0.65

40 0.76 0.74 0.72 0.7

50 0.78 0.76 0.74 0.72

70 0.81 0.79 0.77 0.75

150 0.87 0.85 0.83 0.81

ASTM C29 Unit Weight of Concrete



(93) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(2)



(94) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(3)



(95) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(4)



(96) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(5)



(97) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(6)



(98) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(7)



(99) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(8)



(100) ACI 211.1 Mix Proportion -Heavy Weight Structure Concrete Calculation(9)



(101) ACI 211.1 Design of Concrete Mixes (1) 

( 1 0 1  ) A C I 2 1 1 . 1  D e s ig n  o f C o n cre te  M ix e s

E co n o m y

S tre n g th

D u ra b ilityW o rk a b ility

A C I 6 1 3
R e co m m e n d e d  P ra ctice  fo r s e le ctin g  P ro p o rtio n s  fo r C o n cre te



(102) ACI 211.1 Design of Concrete Mixes (2)

( 1 0 2  ) A C I 2 1 1 . 1  D e s ig n  o f C o n cre te  M ix e s ( 2  )

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

T ria l M ix  -La b o ra to ry

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n



(103) ACI 211.1 Design of Concrete Mixes (3)

( 1 0 3  ) A C I 2 1 1 . 1  D e s ig n  o f C o n cre te  M ix e s ( 3  )

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

T ria l M ix  -La b o ra to ry

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n

T ria l M ix  -La b o ra to ry  d a ta
1  G ra d in g  o f F in e  o r C o a rs e  A g g re g a te
2  S p e c ific  G ra v ity
3  A b s o rp tio n
4  D ry  C o m p a ctin g  U n it W e ig h t o f C o a rs e  A g g re g a te
5  S p e c ific  G ra v ity   o f C e m e n t

 



(104) ACI 211.1 Design of Concrete Mixes (4)

C o n cre te

A d m ix tu re

T ria l M ix  -La b o ra to ry

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n

T ria l M ix  -La b o ra to ry  d a ta
1  G ra d in g  o f F in e  o r C o a rse  A g g re g a te
2  S p e cific G ra v ity
3  A b so rp tio n
4  D ry  C o m p a ctin g  U n it W e ig h t o f C o a rs e  A g g re g a te
5  S p e cific G ra v ity   o f C e m e n t

E n tra p p e d  A ir ( A d m ix tu re  )
      
                Im p ro ve

W o rk a b ility  a n d  D u ra b ility  o f C o n cre te

 

W /C -sa m e
> C e m e n t C o n te n t    3 3 5 k g /m 3
S tre n g th -D e cre a se
< C e m e n t C o n te n t     2 5 0 k g /m 3
S tre n g th  -In cre a se

( 1 0 4  ) A C I 2 1 1 . 1  D e s ig n  o f C o n cre te  M ix e s ( 4  )

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t



(105) ACI 211.1 Design of Concrete Mixes (5)

( 1 0 5  ) A C I 2 1 1 . 1  D e s ig n  o f C o n cre te  M ix e s ( 5  )

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

T ria l M ix  -La b o ra to ry

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n

T ria l M ix  -La b o ra to ry  d a ta
1  G ra d in g  o f F in e  o r C o a rs e  A g g re g a te
2  S p e c ific  G ra v ity
3  A b s o rp tio n
4  D ry  C o m p a ctin g  U n it W e ig h t o f C o a rs e  A g g re g a te
5  S p e c ific  G ra v ity   o f C e m e n t

E n tra p p e d  A ir ( A d m ix tu re  )
      
                Im p ro ve

W o rk a b ility  a n d  D u ra b ility  o f C o n cre te

 

W /C -sa m e
> C e m e n t C o n te n t    3 3 5 k g /m 3
S tre n g th -D e cre a s e
< C e m e n t C o n te n t     2 5 0 k g /m 3
S tre n g th  -In cre a s e



(106) ACI 211.1 Design of Concrete Mixes (6)

( 1 0 6  ) A C I 2 1 1 . 1  D e s ig n  o f C o n cre te  M ix e s ( 6  )

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n

T ria l M ix  -La b o ra to ry  d a ta
1  G ra d in g  o f F in e  o r C o a rs e  A g g re g a te
2  S p e c ific  G ra v ity
3  A b s o rp tio n
4  D ry  C o m p a ctin g  U n it W e ig h t o f C o a rs e  A g g re g a te
5  S p e c ific  G ra v ity   o f C e m e n t

E n tra p p e d  A ir ( A d m ix tu re  )
      
                Im p ro ve

W o rk a b ility  a n d  D u ra b ility  o f C o n cre te

 

W /C -s a m e
> C e m e n t C o n te n t    3 3 5 k g /m 3
S tre n g th -D e cre a s e
< C e m e n t C o n te n t     2 5 0 k g /m 3
S tre n g th  -In cre a s e



(107) ACI 211.1 Design of Concrete Mixes (7)

( 1 0 6  ) A C I 2 1 1 . 1  D e s ig n  o f C o n cre te  M ix e s ( 6  )

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n

T ria l M ix  -La b o ra to ry  d a ta
1  G ra d in g  o f F in e  o r C o a rs e  A g g re g a te
2  S p e c ific  G ra v ity
3  A b s o rp tio n
4  D ry  C o m p a ctin g  U n it W e ig h t o f C o a rs e  A g g re g a te
5  S p e c ific  G ra v ity   o f C e m e n t

E n tra p p e d  A ir ( A d m ix tu re  )
      
                Im p ro ve

W o rk a b ility  a n d  D u ra b ility  o f C o n cre te

 

W /C -s a m e
> C e m e n t C o n te n t    3 3 5 k g /m 3
S tre n g th -D e cre a s e
< C e m e n t C o n te n t     2 5 0 k g /m 3
S tre n g th  -In cre a s e



(108) ACI 211.1 Design of Concrete Mixes (8)



(109) ACI 211.1 Design of Concrete Mixes (9)



(110) ACI 211.1 Design of Concrete Mixes (10)



(111) ACI 211.1 Design of Concrete Mixes (11)



111-Water Cement Ratio of Concrete

No Types of Concrete
Water Cement Ratio

Hard Weather Mild Weather

A Hard Weather( I ) 0.45+-0.02 0.55+-0.02

B Hard Weather ( II ) 0.50+-0.02 0.55+-0.02

C Hard Weather (III ) 0.59+-0.02 0.58+-0.02

D Sodium Sulfate Alkali - 0.50+-0.02

E Sodium Sulfate Alkali 0.45+-0.02 -

F Concreting By Tremie 0.45+-0.02 0.45+-0.02

G Channel 0.53+-0.02 0.58+-0.02

H Inner Concrete of Dam W/C-Strength-Heat Characteristic and Volume Changing 



112-Compressive Strength to W/C

Water Cement Ratio
Compressive Strength (kg/cm2) at Ages 28 Days

AE Concrete Plain Concrete

0.4 300 380

0.45 275 345

0.5 245 300

0.55 218 265

0.6 190 240

0.65 170 210

0.7 155 190

113-Aggregate Maximum Dimension of Structure

Minimum Dimension of 
Section (cm)

Aggregate Maximum Dimension (mm)

Reinforcement Wall and Pier Reinforcement Slab Plain Concrete Slab

Below 13 …….. 20-40 20-40

15-28 20-40 40 40-75

30-73 40-75 75 75-150

Over 75 40-75 75 150

Aggregate Maximum Dimension of Structure<(2/3)*Minimum Pitch of Reinforcement



(112) ACI 211.1 Design of Concrete Mixes (12)



(113) ACI 211.1 Design of Concrete Mixes (13)



(114) ACI 211.1 Design of Concrete Mixes (14)



Calculation of Concrete Mix
Example-1

1 II Type Cement, Specific Gravity 3.15 Pozzolan Specific Gravity 2.5
2 Coarse Aggregate Specific Gravity 2.68
3 Fine Aggrgate Specific Gravity 2.63
4 Dry Compacted Weight of Coarse Aggregate 1680kg/m3
5 AE Agent Fineness Modules 2.75

6 Reinforcement Concrete Wall,Minimum  Thickness 28cm Maximum Slump 7.5cm
Aggregate Maximum Dimension 40mm

107-Maximum Slump

Types of Structure Maximum Slump

Mass Concrete 5

Channel 7.5

Slab and Invert of Tunnel 5

Wall Top,Pier,Parapet 5

Tunnel, Arch 10

Other Structure 7.5

113-Aggregate Maximum Dimension of Structure
Minimum 
Dimensio

Aggregate Maximum Dimension (mm)

Reinforc

ement 

Wall and 

Pier

Reinforcement Slab Plain Concrete Slab

Below 13 …….. 20-40 20-40

15-28 20-40 40 40-75

30-73 40-75 75 75-150

Over 75 40-75 75 150

Aggregate Maximum Dimension of Structure<(2/3)*Minimum  Pitch of Reinforcement



111-Water Cement Ratio of Concrete

No Types of Concrete
Water Cement Ratio

Hard Weather Mild Weather

A Hard Weather( I ) 0.45+-0.02 0.55+-0.02

B Hard Weather ( II ) 0.50+-0.02 0.55+-0.02

C Hard Weather (III ) 0.59+-0.02 0.58+-0.02

D Sodium Sulfate Alkali - 0.50+-0.02

E Sodium Sulfate Alkali 0.45+-0.02 -

F Concreting By Tremie 0.45+-0.02 0.45+-0.02

G Channel 0.53+-0.02 0.58+-0.02

H Inner Concrete of Dam W/C-Strength-Heat Characteristic and Volume Changing 

210kg/cm2



Fluctuation Coefficient 15%
Required Compressive Strength 210*1.15=242kg/cm2
Dry Compacted Weight of Coarse Aggregate 1680kg/m3
Coarse Aggregate Content 73%
Dry Compacted Weight of Coarse Aggregate =1680*0.73=1226

145/0.5=290
Concrete Test Mix Proportion Cement Content Coarse Aggregate Content 

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
Mighty 

900RA=(   

)%*cement

Mighty 

185S=(   )%

242 40 7.5 4.5 0.5 290 145 686 1226 Weight

3.15 1 2.63 2.68 Specific Gravity

45 36 92 145 261 457 Volume

Concrete Mix Proportion =1226/2.68=457

Adjustment Moisture Content =1000-(45+145+457+92)=261

specifiv 

gravity(%)

absorption(

%)

moisture 

content(%)

Water 

surface 

content(%)

Content(kg/

m3)
Correction(kg/m3)

Corrected(k

g/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)

Water 1 145 -47 98

Fine Aggregate 2.63 5.000 686 34 720

Aggregate 2.68 1.000 1226 12 1238

Sand Fineness Module 2.75
Slump 7.5-10cm

109-Proportion of Air Contend ,Water Content , Fine Aggregate and  Coarse Aggregate

Gmax

Dry 

Compacti

ng 

Coarse 

Aggregat

e Weight 

per Unit 

AE Concrete Plain Concrete

Air 

Content

Average 

Water 

Content

Sand 

Percenta

ge(Absol

ute 

Volume) 

to 

Entrappe

d Air

Average 

Water 

Content

Sand 

Percenta

ge( 

Absolute 

Volume) 

to 
(mm) (%) (%) (kg/m3) (%) (%) (kg/m3) (%)

10 41 8 191 59 3 209 61
15 52 7 182 50 2.5 199 53
20 62 6 168 42 2 187 45
25 67 5 158 37 1.5 178 41
40 73 4.5 145 33 1 166 36
50 76 4 136 30 0.5 158 33
80 81 3.5 121 28 0.3 144 31

150 87 3 97 24 0.2 125 28



110-Adjusting Value

Adjustment of Value

Water Content Sand Percentage
Dry Compacting 

Coarse Aggregate 

Fineness of Sand 0.1 Increase / Decrease - +-0.5% -+1.0%

Slump 1 cm  Increase / Decrease 1.2% - -

Air Content 1 %  Increase / Decrease -+3.0% -+(0.5-1.0)% -

Water Cement Ratio 0.05  Increase / 

Decrease
- +-1.0% -

Sand Percentage   1 %  Increase / 

Decrease
+-1.0% - -+2.0%

Angular Aggregate +(7-10)% +(3-5)% -

Low Slump (Paving Concrete ) -3.0% -3.0% 6.0%

Water Content    1000kg/m3,Water Degree over 15 Degree-998kg/m3



Example-2
Not Freezing and Thawing Action 
Power Station Type C

111-Water Cement Ratio of Concrete

No Types of Concrete
Water Cement Ratio

Hard Weather Mild Weather

A Hard Weather( I ) 0.45+-0.02 0.55+-0.02

B Hard Weather ( II ) 0.50+-0.02 0.55+-0.02

C Hard Weather (III ) 0.59+-0.02 0.58+-0.02

D Sodium Sulfate Alkali - 0.50+-0.02

E Sodium Sulfate Alkali 0.45+-0.02 -

F Concreting By Tremie 0.45+-0.02 0.45+-0.02

G Channel 0.53+-0.02 0.58+-0.02

H Inner Concrete of Dam W/C-Strength-Heat Characteristic and Volume Changing 

Ages 28 Days 175kg/cm2 (80%) Compressive Strength 200kg/cm2

107-Maximum Slump

Types of Structure Maximum Slump

Mass Concrete 5
Channel 7.5

Slab and Invert of Tunnel 5
Wall Top,Pier,Parapet 5

Tunnel, Arch 10
Other Structure 7.5



113-Aggregate Maximum Dimension of Structure
Minimum 
Dimensio

Aggregate Maximum Dimension (mm)

Reinforc

ement 
Reinforcement Slab Plain Concrete Slab

Below 13 …….. 20-40 20-40

15-28 20-40 40 40-75

30-73 40-75 75 75-150

Over 75 40-75 75 150

Aggregate Maximum Dimension of Structure<(2/3)*Minimum  Pitch of Reinforcement

Aggregate Maximum Dimension 80mm
Alkali -aggregate reaction Pozzolan Cement (30 % )
Portland Cement Portland Cement (70% )

145/0.5=290
Concrete Test Mix Proportion Cement Content Coarse Aggregate Content 

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~10mm) CA(10~20mm)
(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

250 40 5 4.5 0.5 290 145 Weight

1 Specific Gravity

45 145 Volume

Concrete Mix Proportion

Adjustment Moisture Content

specifiv 

gravity(%)

absorption(

%)

moisture 

content(%)

Water 

surface 

content(%)

Content(kg/

m3)

Correction(

kg/m3)

Corrected(k

g/m3)

(1) (2) (3)=(2)-(1) (4)
(5)=(3)*(
4)*0.01

(6)=(4)+(5)

Water

Fine Aggregate

G1:Aggregate(5~10mm)

G2:Aggregate(10~20mm)



(115) ACI 211.1 Design of Concrete Mixes (15)



(116) ACI 211.1 Design of Concrete Mixes (16)



(117) ACI 211.1 Design of Concrete Mixes (17)



(118) ACI 211.1 Mix Design of Small Size Construction



(119) Concrete Material (1)

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

( 1 1 9  ) C o n cre te  M a te ria l(  1   )
C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z z o la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A s h  C e m e n t )
S p e c ia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

C o n cre te



(120) Concrete Material (2)

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z zo la n  C e m e n t,S ilica  
                             C e m e n t,F ly  A sh  C e m e n t )
S p e cia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

A g g re g a te
S a n d
C ru sh e d  S a n d
G ra ve l
C ru sh e d  S to n e

( 1 2 0  ) C o n cre te  M a te ria l(  2   )

C o n cre teF in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

C e m e n t



(121) Concrete Material (3)

( 1 2 1  ) C o n cre te  M a te ria l(  3   )

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z z o la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A s h  C e m e n t )
S p e c ia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

A g g re g a te
S a n d
C ru s h e d  S a n d
G ra ve l
C ru s h e d  S to n e

A d m ix tu re

A d m ix tu re
W a te r R e d u c in g  A g e n t
A cce le ra to r
R e ta rd e r
W a te r P ro o f A g e n t



(122) Concrete Material (4)

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z z o la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A s h  C e m e n t )
S p e c ia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

A g g re g a te
S a n d
C ru s h e d  S a n d
G ra ve l
C ru s h e d  S to n e

A d m ix tu re

A d m ix tu re
W a te r R e d u c in g  A g e n t
A cce le ra to r
R e ta rd e r
W a te r P ro o f A g e n t

( 1 2 2  ) C o n cre te  M a te ria l(  4   )



(123) Cement

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z zo la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A sh  C e m e n t )
S p e c ia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t



(124) Ordinary Portland Cement

( 1 2 4  ) O rd in a ry  P o rtla n d  C e m e n t

                           1   9 0  %

2   P o p u la r

3   Im p ro ve  b y  A d m ix tu re

4  B lo ck ,P ip e ,B u ild in g ,P a ve m e n t,P o rt C o n s tru ctio n
   W a ll,D ra in a g e ,Tu n n e l,D a m ,R ive r C o n s tru ctio n ,B rid g e



(125) High Early Strength Portland Cement

( 1 2 5  ) H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

C o m p re ss ive  S tre n g th  o f 
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t 
a t A g e s  7  D a ys

C o m p re ss ive  S tre n g th  o f 
O rd in a ry  P o rtla n d  C e m e n t 
a t A g e s  2 8  D a ys

C o m p re ss ive  S tre n g th  a t 7  D a ys C o m p re ss ive  S tre n g th  a t 2 8  D a ys

1    H e a t o f H yd ra tio n
2   C o ld  W e a th e r C o n cre tin g
3   E a rly  C o m p re ss ive  S tre n g th
4   Lo n g -te rm  C o m p re ss ive  S tre n g th
A tte n tio n
1  N o t F it fo r M a ss  C o n cre te
2  C ra cks
3  C u rin g



(126) Ultra High Early Strength Portland Cement

( 1 2 6  ) U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

C o m p re s s ive  S tre n g th  o f 
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t 
a t A g e s  1  D a y

C o m p re s s ive  S tre n g th  o f 
O rd in a ry  P o rtla n d  C e m e n t 
a t A g e s  7  D a ys

C o m p re s s ive  S tre n g th  a t 1  D a ys C o m p re s s ive  S tre n g th  a t 7  D a ys

C o m p re s s ive  S tre n g th  o f 
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t 
a t A g e s  3  D a y

C o m p re s s ive  S tre n g th  a t 3  D a ys

1    E a rly  C o m p re s s ive  S tre n g th  - H ig h
2    G o o d  W o rk a b ility
3    H e a t o f H yd ra tio n -h ig h
4    D ry in g   s h rin k a g e  - A  L ittle
5    G o o d  D u ra b ility

F o r U rg e n t W o rk s



(127) Modulate Heat Portland Cement

1    E a rly  C o m p re s s ive  S tre n g th  - Lo w
     Lo n g  T e rm  C o m p re s s ive  S tre n g th -H ig h
2    H e a t o f H yd ra tio n -Lo w
3    V o lu m e  ch a n g e  -A  L ittle
4    C h e m ica l R e s is tin g -B ig

F o r M a s s  C o n cre te S tru ctu re  u n d e r 
C h e m ica l A ctio n

  H e a t o f H yd ra tio n -Lo w

( 1 2 7  ) M o d e la te  H e a t P o rtla n d  C e m e n t



(128) Sulfate Resisting Portland Cement

F o r F a cto ry  D ra in a g e ,S e w a g e S tru ctu re  u n d e r 
C h e m ica l A ctio n

( 1 2 8  ) S u lfa te  R e s is tin g  P o rtla n d  C e m e n t



(129) Blast Furnace Slag Cement 

( 1 2 9  ) B la s t-F u rn a n ce  S la g  C e m e n t

1    E a rly  C o m p re ss ive  S tre n g th -Lo w
    Lo n g -te rm  C o m p re ss ive  S tre n g th -H ig h
2   C h e m ica l E ro s io n  R e s is ta n ce -H ig h
    ( A cid ,S e a  W a te r,S e w a g e )
3   W a te rtig h tn e ss-H ig h
4   H e a t o f H yd ra tio n -Lo w
5   D ry  S h rin ka g e ,C ra ks-M u ch

U se s
1  Tu n n e l
2  S e w a g e  C o n s tru ctio n
3  S tru ctu re  u n d e r S e a  W a te r



(130) Silica Cement (I)

( 1 3 0  ) S ilica  C e m e n t

1    E a rly  C o m p re ss ive  S tre n g th -Lo w
    Lo n g -te rm  C o m p re ss ive  S tre n g th -H ig h
2   C h e m ica l R e s is ta n ce -H ig h
    ( S e a  W a te r)
3   W a te rtig h tn e ss-H ig h
4   H e a t o f H yd ra tio n -Lo w
5   D ry  S h rin k a g e ,C ra ks-M u ch
6   F lu id ity-B ig

U se s
1  R ive r,P o rt S tru ctu re
2  F a cto ry  S e w a g e ,S e w a g e  C o n s tru ctio n
3  S tru ctu re  u n d e r S e a  W a te r



(131) Fly Ash Cement

( 1 3 1  ) F ly-A s h  C e m e n t

1    E a rly  C o m p re s s ive  S tre n g th -Lo w
    L o n g -te rm  C o m p re s s ive  S tre n g th -H ig h
2   C h e m ica l E ro s io n  R e s is ta n ce -H ig h
    ( A c id ,S e a  W a te r,S e w a g e )
3   W a te rtig h tn e s s -H ig h
4   H e a t o f H yd ra tio n -Lo w
5   D ry  S h rin k a g e ,C ra ck s -Lo w
6   F lu id ity-H ig h

U s e s
1  D a m
2  S tru ctu re  u n d e r W a te r

A   F ly  A s h  C o n te n t      5 -1 0 %
B   F ly  A s h  C o n te n t     1 0 -2 0 %
C   F ly  A s h  C o n te n t     2 0 -3 0 %



(132) Almina Cement

( 1 3 2  ) A lm in a  C e m e n t

1    E a rly  C o m p re ss ive  S tre n g th -H ig h
    
2   C h e m ica l R e s is ta n ce -H ig h
    ( A cid ,S e a  W a te r,S e w a g e )
3   D u ra b ility  to  H e a t-H ig h
4   H e a t o f H yd ra tio n -H ig h
5   R e in fo rce m e n t-R u s t

U se s
1  U rg e n t C o n s tru ctio n

A tte n tio n
1  W /C     B e lo w  4 0 -4 5 %
2  C u rin g  Te m p e ra tu re    b e lo w  2 0 -2 5  d e g re e



(133) Ultra High Strength Portland Cement

( 1 3 3  ) U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

1    E a rly  C o m p re s s iv e  S tre n g th -H ig h
2    L o n g  T e rm  C o m p re s s iv e  S tre n g th -H ig h     
3   S e ttin g  T im e  -S h o rt
    A b o u t 1 0 0 k  g /cm 2  a fte r 3  H o u rs
    C o n cre te  F in is h  w ith in  3 0  M in u te 's  



(134) Cement Ingredient (I)

( 1 3 4  ) C e m e n t In g re d ie n t

S to n e  L im e  + C la y

4                   :     1

B u rn in g ( 1 4 0 0 -1 5 0 0  ) D e g re e

C lin k e r

3  %  G yp s u m



(135) Cement Ingredient (II)



(136)Cement Weight

B u rn in g  Te m p e ra tu re ,F in e n e ss ,B u rn in g  Te m p e ra tu re ,
W e a th e rin g ( A e ra tio n )

C e m e n t

1 m

1 m
1 m 1 m 3 = 1 5 0 0 kg

( 1 3 6  ) C e m e n t W e ig h t



(137) Cement Specific Gravity

( 1 3 7  ) C e m e n t S p e c ific  G ra v ity

B u rn in g  T e m p e ra tu re , F in e n e s s ,B u rn in g  T e m p e ra tu re ,
W e a th e rin g ( A e ra tio n )

C e m e n t

C e m e n t S p e c ific  G ra v ity-H ig h
-B u rn in g  T e m p e ra tu re -H ig h

C e m e n t S p e c ific  G ra v ity-Lo w
-B u rn in g  T e m p e ra tu re -Lo w



(138) Cement Fineness 

W e a th e rin g ( A e ra tio n )

C e m e n t

   C e m e n t S p e c ific  G ra v ity

   B u rn in g  T e m p e ra tu re
    H ig h
    L o w

   C e m e n t S p e c ific  G ra v ity
    B ig
    S m a ll

E ffe ct

( 1 3 8  ) C e m e n t F in e n e s s  



(139) Cement Setting

F in e n e s s----------                       Q u ick
W a te r T e m p e ra tu re ---------------Q u ick
Te m p e ra tu re ------------               Q u ick
G yp su m  C o n te n t        -----------  S lo w
A e ra tio n -----------                        S lo w

( 1 3 9  ) C e m e n t S e ttin g



(140) Cement Soundness

C e m e n t S o u n d n e ss  Te s t

C e m e n t P a s te

C ra cks ,E xp a n s io n

H a rd e n in g

( 1 4 0  ) C e m e n t S o u n d n e ss



(141) Cement Strength

( 1 4 1  ) C e m e n t S tre n g th

M o rta r S tre n g th  Te s t



(142) Heat of Hydration

( 1 4 2  ) H e a t o f H yd ra tio n

C e m e n t +  W a te r----------H yd ra tio n

H e a t

S e ttin g -Q u ick

H e a t o f H yd ra tio n -H ig h

       In itia l C u rin g -Im p o rta n t



(143) Cement Choice

( 1 4 3  ) C e m e n t C h o ice

C e m e n t
B le n d e d  C e m e n t-
     1  B la s t-F u rn a n ce  S la g  C e m e n t,  

     2  P o rtla n d  P o zzo la n  C e m e n t,

     3  S ilica  C e m e n t,
     
     4   F ly  A sh  C e m e n t

S p e cia l C e m e n t -

    5   A lu m in a  C e m e n t,

    6   U ltra  R a p id  H a rd in g  C e m e n t 
              
    7   S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

    8   M o d e ra te  H e a t P o rtla n d  C e m e n t

    9   U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

  1 0   H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

  1 1   O rd in a ry  P o rtla n d  C e m e n t

B u ild in g    -1 1

E m e rg e n cy  C o n s tru ctio n -1 1 ,5 , 6 , 9 , 1 0

P o rt C o n s tru ctio n -1 1 ,1 , 3 , 4 , 7

C o ld -W e a th e r C o n cre tin g -1 1 ,6 , 9 , 1 0

D a m -8 ,4 , 1 1



(144) Cement Storage

C a rb o n  D io x id e + M o is tu re ----C a rb o n a te
W e a th e rin g

S tre n g th -D ow n
S p e cific G ra v ity-D e cre a se
S o lid
S e ttin g -D e la y

S tre n g th
S p e cific G ra v ity
S o lid
S e ttin g

D ra in a g e

O ve r 3 0  cmM o is tu re

W a te r Le a kg e

W in d o w  - S m a ll

D a te
R e ce ip t o f C e m e n t

( 1 4 4  ) C e m e n t S to ra g e



(145) Kind of Aggregate

( 1 4 5  ) K in d  o f A g g re g a te

F in e  A g g re g a te C o a rse  A g g re g a te

K in d  o f A g g re g a te
  S a n d  
  G ra ve l
  C ru sh e d  S a n d
  C ru sh e d  S to n e5  m m  S ie ve

O ve r
8 5 %  P a ss in g

5  m m  S ie ve
O ve r
8 5 %  R e m in d

1 0  m m  S ie ve 1 0 0 %  P a ss in g

1 m

1 m

1 m
6 5 -8 0 %  o f C o n cre te  V o lu m e =
A g g re g a te



(146)Required Aggregate

( 1 4 6  ) R e q u ire d  A g g re g a te

F in e  A g g re g a te C o a rs e  A g g re g a te

1  H a rd
2  N o  C la y ,N o  T im b e r
3  D u ra b ility
4  S p e c ific  G ra v ity-B ig
5  U n it W e ig h t-B ig
6  N o  A b ra s io n
7  S m a ll A b s o rp tio n
8  G o o d  S h a p e
9  G o o d  G ra d in g



(147) Size of Aggregate

F in e  A g g re g a te C o a rs e  A g g re g a te

C e m e n t P a s te

C o n cre te

( 1 4 7  ) S iz e  a n d  G ra d in g  o f A g g re g a te ( 1  )



(148) Grading and Fineness Modulus of Aggregate (1)



(149) Grading and Fineness Modulus of Aggregate (2)



(150) Grading and Fineness Modulus of Aggregate (3)

( 1 5 0  ) G ra d in g  a n d  F in e n e ss  M o d u lu s  o f A g g re g a te ( 3  )

P a rtic le  S iz e
( S m a ll )

F in e n e ss  M o d u lu s-S m a ll
G o o d  W o rka b ility
U n it C e m e n t C o n te n t-M u ch

P a rtic le  S iz e
( B ig  )

F in e n e ss  M o d u lu s-La rg e
N o t G o o d  W o rka b ility
S a ve  U n it C e m e n t C o n te n t

F in e n e ss  M o d u lu s
F in e  A g g re g a te       2 . 3 -3 . 1
C o a rse  A g g re g a te    6 -8

P e rce n ta g e  P a ss in g  ( %  )

S ie ve  S iz e ( m m  )

P e rce n ta g e  R e ta in in g ( %  )

G ra d in g  C u rve

U p p e r L im it

Lo w e r L im it

N e e d  A d ju s tm e n t

E co n o m y



(151) Water Content of Aggregate

( 1 5 1  ) W a te r C o n te n t o f A g g re g a te

O ve n d ry A ir d ry S a tu ra te d  

S u rfa ce  d ry

D a m p  o r W e t

W d W a W s W w

A b so rp tio n
W a te r S u rfa ce  
C o n te n t

W a te r
C o n te n t

A b so rp tio n  R a tio  = ( ( W s-W d  ) / W d  ) *1 0 0

W a te r S u rfa ce  
C o n te n t   R a tio     = ( ( W w -W s  ) /W s  ) *1 0 0

S p e cific G ra v ity  ( S .S .D  ) = W s/ W d

S ite  C o n d itio n

M ix  D e s ig n



(152) Specific Gravity of Aggregate(1)

( 1 5 2  ) S p e c ific  G ra v ity  o f A g g re g a te

F in e  A g g re g a te           2 . 5 -2 . 6 5
C o a rs e  A g g re g a te      2 . 5 5 -2 . 7 0

W e a th e rin g
S p e c ific  G ra v ity -S m a ll

U s e  fo r M ix  D e s ig n



(153) Specific Gravity of Aggregate(2)

( 1 5 3  ) S p e cific G ra v ity  o f A g g re g a te ( 2  )
F in e  A g g re g a te           2 . 5 -2 . 6 5
C o a rs e  A g g re g a te      2 . 5 5 -2 . 7 0

    S p e cific G ra v ity  a n d  A b so rp tio n  Te s t

          o f F in e  A g g re g a te

                                            ( JIS A  A  1 1 0 9  )

( 1   ) A b so rb e d  

F in e  A g g re g a te

1 k g , 2 4 h o u rs

                                            

( 2  ) D ry

D rie r

( 3  ) F lo w  C o n e

2 5  tim e s

( 4  ) S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

W e t C o n d itio n

          D ry  C o n d itio n

          C o lla p se

( 5  ) W e ig h  F LA S K :A  ( g  ) ( 6  ) P u t S a n d ,P o u r W a te r in  F LA S K

5 0 0 g  s a n d

S .S .D
5 0 0  m l  m a rk

A  ( g  ) W a te r

( 7  ) O u t B u b b le

o u t b u b b le

w a te r ta n k

2 0 + -2   d e g re e

1  h o u r

( 8  ) W e ig h  F LA S K + S a n d ( S S D  ) 5 0 0 g + W a te r:B ( g  )

B  ( g  )5 0 0  m l  m a rk

W a te r

( 9  ) W a te r W e ig h t o f  F LA S K

          W ( g  )

W = B -( 5 0 0 + A )

( 1 0  ) S p e c ific  G ra v ity

S p e cific G ra v ity= 5 0 0 /( 5 0 0 -W )

( 1 1  ) A b so rp tio n  T e s t

5 0 0 g

          S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

W e ig h t M e a su rin g

O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )
D ry  C o n d itio n

(  C  ) g

( 1 2  ) A b so rp tio n ( % )

A b so rp tio n  R a tio ( % ) = ( 5 0 0 -C ) / C



(154) Specific Gravity of Aggregate(3)

S p e c ific  G ra v ity  a n d  A b s o rp tio n  T e s t

          o f F in e  A g g re g a te

                                            ( A S T M  C -1 2 8  )

( 1   ) A b s o rb e d  

F in e  A g g re g a te

1 k g , 2 4 h o u rs

                                            

( 2  ) D ry

D rie r

( 3  ) F lo w  C o n e

2 5  tim e s

( 4  ) S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

(  D  ) g

5 0 0  cc

(  C  ) g

( 8  ) p u t s a n d , p o u r w a te r in  F LA S K

W a te r

5 0 0 g  s a n d

S .S .D
5 0 0  cc

(  B  ) g

( 1 2  )  S .S .D   S p e c ific  G ra v ity

S .S .D  S p e c ific  G ra v ity = 5 0 0 /( ( B + 5 0 0 ) -C )

( 1 3  )  A p p a re n t  S p e c ific  G ra v ity

A p p a re n t  S p e c ific  G ra v ity= A /( ( A + B  ) -C )

W e t C o n d itio n

          D ry  C o n d itio n

          C o lla p s e

( 5  ) M a s s  o f S a m p le  ( S S D  )  C o n d ittio n ( 7  ) W e ig h  ( F LA S K + W a te r )

D :  5 0 0  ( g  )
W a te r

( 9  ) O u t B u b b le

o u t b u b b le

w a te r ta n k

2 0  d e g re e

2 4  h o u rs

( 1 0  ) W e ig h  ( F LA S K + S a n d ( S S D  ) 5 0 0 g

           + W a te r ) (  C  )  ( g  )

5 0 0  m l  m a rk

W a te r

( 1 1  ) S p e c ific  G ra v ity

B u lk  S p e c ific  G ra v ity = A /( ( B + 5 0 0  ) -C  )

( 1 4  ) A b s o rp tio n  T e s t

5 0 0 g

          S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )
O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )

D ry  C o n d itio n

(  A  ) g

( 1 5  ) A b s o rp tio n ( % )

A b s o rp tio n  R a tio ( % ) = ( 5 0 0 -A ) /A

         S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

( 1 5 4  ) S p e c ific  G ra v ity  o f A g g re g a te ( 3  )



(155) Specific Gravity of Aggregate(4)

( 1 5 5  ) S p e cific G ra v ity  o f A g g re g a te ( 4  )

       S p e cific G ra v ity  a n d  A b so rp tio n  Te s t

          o f  C o a rse   A g g re g a te

                                            ( JIS A  A  1 1 1 0   )

( 1   ) B e lo w  G m a x  2 5 m m  a b ou t 2  kg

         O ve r G m a x  2 5 m m  a b ou t 5 kg

( 3  ) S a tu ra te d  S u rfa ce

          D ry  C on d itio n ( S S D  )

( 4  ) W e ig h  S a m p le  ,S a tu rra te d  S u rfa ce

          D ry  C on d itio n ( S .S .D )

( 5  ) W e ig h  S te e l N e t in  W a te r

( 2  ) S o a k  A g g re g a te

2 4  h o u rs

2 0 + -2  d e g re e

w a te r

C lo th

B  ( g  )C o a rse  A g g re g a te

C 1  ( g  )

( 6  ) W e ig h  S te e l N e t 

         + S a m p le ( S .S .D  ) in  W a te r
C 2  ( g  )

( 7  ) W e ig h  S a m p le  in  W a te r

( C  ) = C 2 -C 1

( 8  ) O ve n  D ry

          S a tu rra te d  S u rfa ce

          D ry  C on d itio n ( S .S .D )
O ve n  D ry( 1 0 0 ~ 1 1 0  e g re e )

D ry  C on d itio n

(  A  ) g

( 1 0  ) A b so rp tio n  R a tio ( % )

A b so rp tio n  R a tio ( % ) = ( ( B -A  ) /A  ) *1 0 0

( 9  ) S p e cific G ra v ity

S p e cific G ra v ity= B/( B -C  )



(156) Specific Gravity of Aggregate(5)

( 1 5 6  ) S p e cific G ra v ity  o f A g g re g a te ( 5  )

          S p e cific G ra v ity  a n d  A b so rp tio n  Te s t

          o f  C o a rs e   A g g re g a te

                                            ( A S TM  C -1 2 7   )

( 1   ) B e lo w  G m a x  2 5 m m  a b o u t 2  k g

         O ve r G m a x  2 5 m m  a b o u t 5 k g

( 3  ) S a tu ra te d  S u rfa ce

          D ry  C o n d itio n ( S S D  )

( 4  ) W e ig h  S a m p le  ,S a tu rra te d  S u rfa ce

          D ry  C o n d itio n ( S .S .D )

( 2  ) S o a k  A g g re g a te

2 4  h o u rs

2 0 + -2  d e g re e

w a te r

C lo th
A  ( g  )C o a rs e  A g g re g a te

( 5  ) W e ig h  S te e l N e t in  W a te r

         + S a m p le ( S .S .D  )
B  ( g  )

( 6  ) O ve n  D ry

O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )
D ry  C o n d itio n

(  C  ) g

( 9  ) A b so rp tio n  R a tio ( % )

A b so rp tio n  R a tio ( % ) = ( ( A -C  ) /C  ) *1 0 0

( 7  ) B u lk  S p e cific  G ra v ity

B u lk  S p e cific  G ra v ity= C /( A -B )

( 8  ) S .S .D   S p e cific  G ra v ity

S .S .D  S p e cific G ra v ity= A /( A -B )



(157) Surface Moisture Content (1)



(158) Absolute Volume

( 1 5 8  ) A b so lu te  V o lu m e

A b so lu te  V o lu m e ( m 3  ) = W e ig h t ( k g  ) /( S p e cific G ra v ity*1 0 0 0 ( kg /m 3  ) )



(159) Unit Weight (1)

( 1 5 9  ) U n it W e ig h t

A ir D rie d  S ta te

U n it W e ig h t

U n it W e ig h t         S p e c ific  G ra v ity ,  G ra d in g ,  D e g re e  o f C o m p a ctio n ,W a te r C o n te n t

E ffe ct

U n it W e ig h t        

F in e  A g g re g a te                                    1 4 5 0 -1 7 0 0  k g /m 3

C o a rs e  A g g re g a te                                1 5 5 0 -1 8 5 0 k g /m 3

C o m b in e d  A g g re g a te                           1 7 5 0 -2 0 0 0 k g /m 3  



(160) Unit Weight (2)

( 1  )  C o n ta in e r V ( l o r m 3 ) ( 2  )  h = 1  /3

        2 5  tim e s

2 5  tim e s
h = 1  /3 2 5  tim e s

2 5  tim e sh = 1  /3

h = 1  /3

( 3  )  h = 1  /3

        2 5  tim e s

( 4  )  W ( 5  )  C o n ta in e r W 1 ( 6  ) U n it W e ig h t = ( W -W 1 ) k g /V ( l )



(161) Percentage of Void Ratio of Aggregate

F in e  A g g re g a te          3 0 -4 5  %

C o a rse  A g g re g a te     3 0 -4 0  %

( 1 6 1  ) P e rce n ta g e  o f V o id  R a tio  o f A g g re g a te



(162) Harmful Material of Aggregate

F in e  A g g re g a te C o a rs e  A g g re g a te

A g g re g a te
1    C le a n
2    N o t In c lu d e  C la y ,S ilt a n d  H a rm fu l M a te ria l

( 1 6 2  ) H a rm fu l M a te ria l o f A g g re g a te



(163) Decantation Test

( W 1 )

( W 2  )

( 9  ) M a te ria l F in e r th a n  7 5 u m ( N o . 2 0 0  ) S ie ve

= ( ( W 1 -W 2  ) / W 1  ) *1 0 0

( 1 6 3  ) D e ca n ta tio n  Te s t

1 . 2 m m  S ie ve

0 . 0 7 4 m m  S ie ve

( 7  ) D ry

O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )

( 3  ) W e ig h  S a m p le

M a te ria l F in e r th a n  7 5 u m ( N o . 2 0 0  ) S ie ve

( 1   ) F in e   A g g re g a te  1 k g   

    C o a rs e  A g g re g a te  1 0 m m  2 k g

    C o a rs e  A g g re g a te   2 0 m m  5 k g                                           

( 2  ) D ry
( 3  ) W e ig h  S a m p le ( 4  )   W a sh  

( 5  ) W a sh  A g g re g a te  o r S a n d ( 6  ) W a sh

A S TM  C  3 3  Ta b le -1

O ve n  D ry ( 1 0 0 ~ 1 1 0  e g re e )



(164) Durability of Aggregate

S p e cific G ra v ity         B ig
A b so rp tio n  R a tio       S m a ll

G o o d  D u ra b ility  

W in d
R a in

( 1 6 4  ) D u ra b ility  o f A g g re g a te



(165) Abrasion

( 1 6 5  ) A b ra s io n  

Lo s-A n g e ls  A b ra s io n  Te s t
R o a d  P a ve m e n t
H e a vy  T ra ffic

1 0 0 0  T im e s

1 0 0 0  T im e s
1 . 7 m m  S ie ve
R e ta in e d  W e ig h t
P e rce n ta g e  o f A b ra s io
= ( ( A b ra s io n  Lo s s  W e ig h t/S a m p le  W e ig h t B e fo re  Te s t) ) *1 0 0  

R o a d  P a ve m e n t-3 5 %
D a m  C o n cre te -4 0 %



(166) Crushed Stone

( 1 6 6  ) C ru sh e d  S to n e

C ru sh e d  S to n e R ive r G ra ve l

S q u a re R o u n dS h a p e

B ig S m a llV o id  R a tio

F lu id ity B a d G o o d

F in e  A g g re g a te  
       C o n te n t
W a te r
C e m e n t

M u ch N o t M u ch



(167) Lightweight Aggregate

( 1 6 7  ) L ig h tw e ig h t A g g re g a te

B e lo w  1 . 9 t/m 3



(168) Storage of Aggregate

D ra in a g e

S a n d

A g g re g a te

A g g re g a te

B ig  S iz e  A g g re g a te

S m a ll S iz e  A g g re g a te C ove r

W a te r C o n te n t   C on s ta n t

C la y ,T im b e r

S e g re g a tio n

( 1 6 8  ) S to ra g e  o f  A g g re g a te



(169) Water-1

D rin k in g  W a te r
R a in
R ive r W a te r
U n d e rg ro u n d  W a te r

O il
A c id
C h lo rid e
O rg a n ic Im p u ritie s  in  W a te r 

( 1 6 9  ) W a te r



(170) Cement Aggregate Water

( 1 7 0  ) C e m e n t A g g re g a te  W a te r

D rin k in g  W a te r
R a in
R ive r W a te r
U n d e rg ro u n d  W a te r

O il
A cid
C h lo rid e
O rg a n ic Im p u ritie s  in  W a te r 

A g g re g a te

F in e  A g g re g a te C o a rse  A g g re g a te

1  H a rd
2  N o  C la y ,N o  T im b e r
3  D u ra b ility
4  S p e cific G ra v ity-B ig
5  U n it W e ig h t-B ig
6  N o  A b ra s io n
7  S m a ll A b so rp tio n
8  G o o d  S h a p e
9  G o o d  G ra d in g

W a te r
C e m e n t

1  N o  W e a th e rin g
2  S p e cific G ra v ity  -B ig
 

C e m e n t



(171) Admixture

( 1 7 1  ) A d m ix tu re

F in e  A g g re g a te

C oa rse  A g g re g a te

W a te r

C e m e n t

C on cre te

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o zzo la n  C e m e n t,S ilica  

                             C e m e n t,F ly  A sh  C e m e n t )
S p e cia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  

                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

A g g re g a te
S a n d
C ru sh e d  S a n d
G ra ve l
C ru sh e d  S to n e

A d m ix tu re

A d m ix tu re
W a te r R e d u cin g  A g e n t
A cce le ra to r
R e ta rd e r
W a te r P ro o f A g e n t

A E  A g e n t---------A E  C on cre te

( 1 7 3  ) A E  A g e n t

A E  A g e n t           E n tra in e d  A ir
                          1  Im p ro ve  W o rka b ility
                          2  D e cre a se  B le e d in g
                          3  Im p ro ve  R e s is tin g  to  F re e z in g  a n d  th a w in g  A ctio n
                          4  D e cre a se  W a te r C on te n t
                          5  C o ld  -W e a th e r C on cre tin g
                          6  D e cre a se  S e g re g a tio n

B a ll B e a rin g

( 1 7 4  ) W a te r R e d u cin g  A g e n t

                             W a te r R e d u cin g  A g e n t
                          1  S p re a d  C e m e n t P a rticle s
                          2  Im p ro ve  H yd ra tio n
                          3  Im p ro ve  S tre n g th
                          4  D e cre a se  W a te r C on te n t
                          5  S a ve  C e m e n t C on te n t
                          6  Im p ro ve  W o rka b ility

1  H ig h  S tre n g th  C o n cre te ------8 0 0 -1 0 0 0 kg /cm 2
2  F lu id iz e d  C o n cre te ----S lu m p  7 cm  B a se  C on cre te
3  H ig h  S lu m p  C o n cre te ----S lu m p  1 4 cm

( 1 7 5  ) A cce le ra to r

                          1  R e m ve  F o rm  Q u ick ly
                          2  S h o rte n  C u rin g  P e rio d
                          3  Im p ro ve  H a rd e n in g  in  C o ld  W e a th e r C on cre te
                          
                             C a lc iu m  C h lo rid e = 1 -2 %  o f C e m e n t W e ig h t
                          

1  Im p ro ve  E a rly  A g e  S tre n g th
2  In cre a se  H yd ra tio n  H e a t

( 1 7 6  ) R e ta rd e r

                          1  D e la y  C e m e n t S e ttin g
                          2  C o ld -W e a th e r C on cre tin g
                          3  T ra n sp o rt fo r Lo n g  T im e
                          4  M a ss  C on cre te

1  Im p ro ve  E a rly  A g e  S tre n g th
2  In cre a se  H yd ra tio n  H e a t

( 1 7 7  ) W a te r P ro o fin g  A g e n t

                          1  D e cre a se  A b so rp tio n  a n d  P e rm e a b ility
                          2  A E  A g e n t R e d u cin g  A g e n t
                         



(172) Pozzolan

F ly  A sh
1    E a rly  C o m p re s s ive  S tre n g th -Lo w
    Lo n g -te rm  C o m p re s s ive  S tre n g th -H ig h
2   C h e m ica l E ro s io n  R e s is ta n ce -H ig h
    ( A c id ,S e a  W a te r,S e w a g e )
3   W a te rtig h tn e s s -H ig h
4   H e a t o f H yd ra tio n -Lo w
5   D ry  S h rin k a g e ,C ra ck s-Lo w
6   F lu id ity-H ig h

U se s
1  D a m
2  S tru ctu re  u n d e r W a te r

A   F ly  A s h  C o n te n t      5 -1 0 %
B   F ly  A sh  C o n te n t     1 0 -2 0 %
C   F ly  A sh  C o n te n t     2 0 -3 0 %

F ly  A sh
1    Im p ro ve  W o rk a b ility
2    D e cre a s e  B le e d in g
3    D e cre a s e  H e a t o f H yd ra tio n
4    Im p ro ve  S tre n g th  a n d  W a te r T ig h tn e s s  u n d e r 
     W e t C u rin g
5    Im p ro ve  C h e m ica l E ro s io n  R e s is ta n ce
6    D ry  S h rin k a g e ,C ra ck s-Lo w
7    Im p ro ve  C o n s is te n cy
8    D e cre a s e  U n it W a te r C o n te n t

( 1 7 2  ) P o z z o la n



(173) AE Agent

( 1 7 3  ) A E  A g e n t

A E  A g e n t           E n tra in e d  A ir
                          1  Im p ro ve  W o rk a b ility
                          2  D e cre a s e  B le e d in g
                          3  Im p ro ve  R e s is tin g  to  F re e z in g  a n d  th a w in g  A ctio n
                          4  D e cre a s e  W a te r C o n te n t
                          5  C o ld  -W e a th e r C o n cre tin g
                          6  D e cre a s e  S e g re g a tio n

B a ll B e a rin g



(174) Water Reducing Agent

( 1 7 4  ) W a te r R e d u c in g  A g e n t

                             W a te r R e d u c in g  A g e n t
                          1  S p re a d  C e m e n t P a rtic le s
                          2  Im p ro ve  H yd ra tio n
                          3  Im p ro ve  S tre n g th
                          4  D e cre a s e  W a te r C o n te n t
                          5  S a ve  C e m e n t C o n te n t
                          6  Im p ro ve  W o rk a b ility

1  H ig h  S tre n g th  C o n cre te ------8 0 0 -1 0 0 0 k g /cm 2
2  F lu id iz e d  C o n cre te ----S lu m p  7 cm  B a s e  C o n cre te
3  H ig h  S lu m p  C o n cre te ----S lu m p  1 4 cm



(175) Accelerator

                          1  R e m ve  F o rm  Q u ick ly
                          2  S h o rte n  C u rin g  P e rio d
                          3  Im p ro ve  H a rd e n in g  in  C o ld  W e a th e r C o n cre te
                          
                             C a lc iu m  C h lo rid e = 1 -2 %  o f C e m e n t W e ig h t
                          

1  Im p ro ve  E a rly  A g e  S tre n g th
2  In cre a se  H yd ra tio n  H e a t

( 1 7 5  ) A cce le ra to r



(176) Retarder

( 1 7 6  ) R e ta rd e r

                          1  D e la y  C e m e n t S e ttin g
                          2  C o ld -W e a th e r C o n cre tin g
                          3  T ra n sp o rt fo r Lo n g  T im e
                          4  M a ss  C o n cre te

1  Im p ro ve  E a rly  A g e  S tre n g th
2  In cre a se  H yd ra tio n  H e a t



(177)Water Proofing Agent

( 1 7 7  ) W a te r P ro o fin g  A g e n t

                          1  D e cre a se  A b so rp tio n  a n d  P e rm e a b ility
                          2  A E  A g e n t R e d u cin g  A g e n t
                         



(178) Concrete

( 1 7 8  ) C o n cre te

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

C e m e n t P a s te

M o rta r

C o n cre te



(179)Good Point of Concrete

( 1 7 9  ) G o o d  P o in t o f C o n cre te

1  C o m p re s s ive  S tre n g th -B ig
   T e n s ile  S tre n g th -S m a ll

 F o rce

 
   T e n s ile  S tre n g th

  C o m p re s s ive  S tre n g th
   

 
   G o o d  D u ra b ility

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

2  M ix in g  a t S ite 3  E a s y  T ra n sp o rta tio n

4    M a n y  T yp e  o f S h a p e 5    E a s y  M a in te n a n ce

S te e l B rid g e

C o n cre te  B rid g e
6  G ra v ity  W a ll

E a rth  P re s s u re

W e ig h t



(180) Bad Point of Concrete

1     Te n s ile  S tre n g th -S m a ll

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

C e m e n t

2   Lo n g  C u rin g  D a y  u n til H a rd e n in g

4  D ifficu lt D is p o sa l C o n cre te  

F o rce

C ra cks

3   C ra cks  b y  D ry  S h rin k a g e

  C ra cks  

( 1 8 0  ) B a d  P o in t o f C o n cre te



(181) Uses of Concrete

B re a kw a te r C o n s tru ctio n

B rid g e B u ild in g

D a m

Tu n n e l
R ive r C o n s tru ctio n

P la n t T re e s
a fte r cu ttin g  T re e s

M y  D u ty

( 1 8 1  ) U s e s  o f C o n cre te



(182) Fresh Concrete 

W o rka b le  
C o n cre te N o  s e g re g a tio n

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a sy  C o m p a ctin g

( 1 8 2  ) F re sh  C o n cre te



(183)Good Concrete

       W o rka b le  C on cre te  S h o u ld  F low
          in to  P la ce  W ith o u t S e g re g a tio n

       U n ifo rm ity
       F lu id ity
       E a sy C om p a ctin g
       N o  D ro p

4  G ood  C on ce rn in g

B re a kw a te r C on s tru ctio n

B rid g e B u ild in g

D a m

Tu n n e l
R ive r C o n s tru ctio n

P la n t T re e s
a fte r cu ttin g  T re e s

M y D u ty

5  E co n om y

A d m ix tu re

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

1  M ix  P ro p o rtio n
   Typ e  o f S tru ctu re
   D e s ig n  S tre n g th
   D e s ig n  S lu m p

2  C o rre ct M e a su rin g
   S u ffic ie n t M ix in g
   

3  M a te ria l
    N o  W e a th e rin g  C e m e n t

C on cre teF in e  A g g re g a te

C oa rse  A g g re g a te

W a te r

C e m e n t

( 1 8 3  ) G ood  C o n cre te  



(184) Workability

C e m e n t

A d m ix tu re

C o n cre te

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

W o rka b le  
C o n cre te N o  s e g re g a tio n

C o n cre tin g  a cco rd in g  to  C o n s is te n cy
N o  S e g re g a tio n

C e m e n t 
1  T yp e
2   F re sh
3  C o n te n t
4   N o  S e g re g a tio n

A g g re g a te
1  G ra d in g
2  S iz e  o f P a rtic le

W a te r
1   A d m ix tu re
2  Te m p e ra tu re

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a sy  C o m p a ctin g

( 1 8 4  ) W o rk a b ility



(185)Consistency

P le n ty  W a te r N o t P le n ty  W a te r

W a te r-A  
L ittle

W a te r-A  
L ittle

H a rd

C o n s is te n cy  M e a s u re d  b y  S lu m p

S lu m p ( cm  ) - Lo w

C o n s is te n cy  -W o rk a b ility

( 1 8 5  ) C o n s is te n cy

A S T M  C  1 4 3

S lu m p ( cm  ) - H ig h

S o ft

C o n s is te n cy  -R e q u ire d  W a te r C o n te n t

A g g re g a te
R o u n d

A g g re g a te
M a x im u m  
S iz e

W a te r-A  
L ittle

E n tra in e d  
A ir



(186) Plasticity

( 1 8 6  ) P la s tic ity

F irs t

7 cm 7 cm

S e co n d

9 cm

Th ird

P u ll u p
3 0 cm  in  5 + -2  s e co n d s

S lu m p  )

S o ft H a rd

M e a su re
S lu m p ( cm  )
C e n te r

( 0 . 5 cm  )

2 5  tim e s  S tro ke s2 5  tim e s  S tro ke s

W h e n  Ta k in g  O u t M o ld ,
C h e ck
1  C h a n g e  S h a p e  S lo w ly  
2  C o lla p s e  S u d d e n ly
3  S e g re g a tio n

P o u rin g  C o n cre te  in  M o ld
E a s ily  o r N o t



(187) Finish Ability

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a s y  C o m p a ctin g

W o rk a b le  
C o n cre te N o  s e g re g a tio n

E a s in e s s  o f C o n cre te  F in is h in g

E ffe cte d  b y  
1  G m a x
2  s /a
3  G ra d in g  o f S a n d
4  C o n s is te n cy

( 1 8 7  ) F in is h a b ility



(188) Segregation

( 1 8 8  ) S e g re g a tio n

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n



(189) Air Content

( 1 8 9  ) A ir C o n te n t

A E  A g e n t           E n tra in e d  A ir
                          1  Im p ro ve  W o rka b ility
                          2  D e cre a se  B le e d in g
                          3  Im p ro ve  R e s is tin g  to  F re e z in g  a n d  th a w in g  A ctio n
                          4  D e cre a se  W a te r C o n te n t
                          5  C o ld  -W e a th e r C o n cre tin g
                          6  D e cre a se  S e g re g a tio n

B a ll B e a rin g

S tre n g th

D u ra b ility

W o rka b ility

D e cre a se  B o n d  S tre n g th

D e cre a se  U n it W e ig h t

D e cre a se  S tre n g th  a  little

G o o d  P o in t B a d  P o in t



(190) Slump of Concrete (ACI 143 )

F irs t

7 cm 7 cm

S e co n d

9 cm

2 5  tim e s  S tro ke s

Th ird

S lu m p  C o n e

P u ll u p
3 0 cm  in  5 + -2  s e co n d s

S lu m p ( cm  )

S o ft H a rd

M e a su re
S lu m p ( cm  )
C e n te r

( 0 . 5 cm  )

R e p o rt
1  D a y , te m p e ra tu re ,
   w e a th e r
2  N u m b e r
3  G m a x
4  C o n cre te  te m p e ra tu re
5  S lu m p

2 5  tim e s  S tro ke s2 5  tim e s  S tro ke s

Ta m p in g  R o d  1 6 m m  D ia m e te r
6 0  m m  Le n g th

C h e ck  C o n d itio n  o f S e g re g a tio n

T a m p in g  R o d  

( 1 9 0  ) S lu m p  o f co n cre te

A S TM  C  1 4 3
W o rk a b ility  s h a ll b e
m e a su re d  b y  th e  s lu m p  te s t



(191) Compressive Strength of Concrete (I)

S tre n g th

D u ra b ility

W a te r tig h tn e ss

C o m p re ss ive  S tre n g th
Te n s ile  S tre n g th
B e n d in g  S tre n g th

A g e s  2 8  D a ys
S tre n g th

1  M ix  P ro p o rtio n
2  Q u a lity  C o n tro l

Te n s ile  S tre n g th

( 1
1 0-1

1 3 ) C o m p re ss ive  S tre n g th C o m p re ss ive  S tre n g th
B e n d in g  S tre n g th

( 1
4-1

6 ) C o m p re ss ive  S tre n g th

( 1 9 1  ) C o m p re ss ive  S tre n g th  o f  C o n cre te



(192) Compressive Strength of Concrete (II)

( 1 9 2  ) C o m p re s s ive  S tre n g th  o f  C o n cre te  ( 2  )

1  T yp e  o f C o n cre te
2  M a te ria l Q u a lity
3  C o n s tru ctio n  M e th o d
4  W e a th e r C o n d itio n



(193) Tensile Strength

( 1 9 3  ) Te n s ile  S tre n g th  

Te n s ile  S tre n g th

( 1
1 0-1

1 3 ) C o m p re ss ive  S tre n g th

C o m p re s s ive  S tre n g th

S te e l

             T e n s ile  S tre n g th  

             R e in fo rce

C o n cre te
                    R e in fo rce



(194) Bending Strength of Concrete (I)

B e n d in g  S tre n g th

( 1
4-1

6 ) C o m p re s s iv e  S tre n g th

C o m p re s s iv e  S tre n g th

             T e n s ile  S tre n g th  

             C ra ck s

R e in fo rce d  B a r

C a n tile ve r 

F o rce   

B e a m

( 1 9 4  ) B e n d in g  S tre n g th  o f  C o n cre te



(195) Compressive Strength

( 1 9 5  ) C o m p re s s iv e  S tre n g th  T e s t-2

( 1   ) T e s t  P ie ce ( 2  ) P u t  C o n cre te

A S T M  C  3 9 -9 6

1

2

H

H /3

H

H /3

2 5  tim e s  s tro k e s

H /3

H

H /3

2 5  tim e s  s tro k e s

H

2 5  tim e s  s tro k e s

H /3

( 3   ) C a p p in g

2~
3m

m

H a rd  2 ~ 6  H o u rs

H a rd  6 ~ 2 4  H o u rs

W a s h  S u rfa ce

T a k e  O u t L a ita n ce

G la s s  B o a rd

C e m e n t P a s te

W /C = 2 7 ~ 3 0 %

A fte r 2 4  h o u rs

( 4   ) T a k e  O u t M o ld

( 5   ) W e ig h  T e s t P ie ce

D 1D
1 M e a s u re  D ia m e te r

D = ( D 1 + D 2 ) /2

1
2 ( H )

1
2 ( H )

A A

A -A  S e ctio n

( 6 ) M e a s u re  D ia m e te r
( 7  ) C o m p re s s iv e  S tre n g th  M a ch in e

C e n te r

( 8  ) M e a s u re  M a x im u m  Lo a d

          o f T e s t P ie ce c F a ilu re

C o m p re s s iv e  V e lo c ity

2 ~ 3 k g /cm 2 /S e co n d

F a ilu re  M a x im u m  Lo a d = P  ( t )

( 9   ) C a lcu la tio n  o f C o m p re s s iv e  S tre n g th ( k g /cm 2 )

C o m p re s s iv e  S tre n g th ( k g /cm 2 ) = P /A

P :M a x im u m  Lo a d

A :A re a

( 1 0   ) R e p o rt

1  T e s t P ie ce  N o

2  A g e s

3  D ia m e te r o f T e s t P ie ce

4  M a x im u m  Lo a d

5  C o m p re s s iv e  S tre n g th

6  C u rin g  M e th o d  a n d  C o m p re s s iv e  S tre n g th

7  F a ilu re  C o n d itio n  o f T e s t  P ie ce



(196) Concrete Strength (Material )

A d m ix tu re

C e m e n t

C e m e n t P a s te
1  H yd ra tio n
2  F lu id ity
3  A d h e s io n

A g g re g a te
1  R e s is t E x te rn a l F o rce
R e d u ce  V o lu m e  C h a n g e

W a te r
1  C o n s is te n cy
2  H yd ra tio n   

A g g re g a te
1  H a rd
2  G o o d  G ra d in g
3  R o u n d  S h a p e

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

C e m e n t

C o n cre te

( 1 9 6  ) C o n cre te  S tre n g th ( M a te ria l )



(197) Mix Proportion and Compressive Strength

( 1 9 7  ) M ix  P ro p o rtio n  a n d  C o m p re s s ive  S tre n g th

C
o

m
p

re
ss

iv
e

 S
tr

e
n

g
th

  
M

p
a

W a te r-C e m e n t R a tio
W /C = 0 . 5 % W /C = 0 . 8 5 %W /C = 0 . 2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r



(198) Mixing and Strength

( 1 9 8  ) M ix in g  a n d  S tre n g th

Lo n g         M ix in g            S h o rt

U n ifo rm N o  A d h e s io n
S u ffic ie n t M ix in g
1  G o o d  Q u a lity
   U n ifo rm ity
2  H ig h  S tre n g th
3  A  L ittle  S e g re g a tio n
4  G o o d  W o rk a b ility



(199) Curing and Strength

S p re a d  W a te r

W e t C u rin g
N o  Im p a ct
P ro te ct C on cre te  from  S u n sh in e

       C u rin g  is  Im p o rta n t

A g e  a t te s t

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

M o is t-cu re d  e n tire  tim e

in  a ir a fte r 2 8  d a ys  m o is t cu rin g

C on cre te  s tre n g th  in cre a se  w ith  a g e s  
a s  lo n g  a s  m o is tu re  a n d  a  fa vo ra b le  te m p e ra tu re

( 1 9 9  ) C u rin g  a n d  S tre n g th



(200) Ages and Strength

A g e  a t te s t, d a ys

C
om

pr
es

si
ve

 S
tre

ng
th

  M
pa

3  d a ys 2 8  d a ys 1  ye a r 2 0  ye a r

C o n cre te  co n tin u e s  to  g a in  s tre n g th  fo r 
m a n y  ye a rs  w h e n  m o is tu re  is  p ro v id e d  b y
ra in fa ll 

P a ra b o la

( 2 0 0  ) A g e s  a n d  S tre n g th  



(201) Test Piece and strength (I)

( 2 0 1  ) T e s t P ie ce  a n d  S tre n g th  ( I  )

1 0 cm
1 5 cm

3 0 cm
2 0 cm

S a m e  S tre n g th

1 5 cm

3 0 cm

1 5 cm

1 5 cm
1 5 cm

S tre n g th
1 0 0 %

S tre n g th
A b o u t 8 7 %

C y lin d e r C u b ic



(202) Test Piece and strength (II)

( 2 0 2  ) Te s t P ie ce  a n d  S tre n g th ( I I )

C a p p in g
G la s s  B o a rd

C e m e n t P a s te
W /C = 2 7 ~ 3 0 %

C a p p in g  S u rfa ce  

0 . 1 m m  ,  S tre n g th  6 -1 0 %  D o w n

0 . 2 5 m m  ,  S tre n g th  3 5 %  D o w n



(203)Unit Weight

 B ig  S e ttle m e n t

 G ra v ity  W a ll

E a rth  P re s su re

W e ig h t

P la in  C o n cre te                     2 3 0 0 -2 3 5 0  k g /m 3
R e in fo rce d  C o n cre te            2 4 0 0 -2 5 0 0 k g /m 3
L ig h t W e ig h t C o n cre te         1 5 0 0 -2 0 0 0 k g /m 3

1 m

1 m
1 m

H e a vy  W e ig h t
G o o d  S ta b ility

 B ig  F o u n d a tio n

H e a vy  W e ig h t

( 2 0 3  ) U n it W e ig h t



(204) Durability

A b ra s io n
A b ra s io n

( 2 0 4  ) D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t

S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  T h a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir



(205) Water tightness

( 2 0 5  ) W a te r tig h tn e s s

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

W a te r Le a k a g e       1    M ix  P ro p o rtio n  D e s ig n  
                                 N o t P ro p e r

                            2   U n p ro p e rly  C o n s tru ctio n

1  W o rk a b le  C o n cre te
2  U n ifo rm ity
3   N o  S e g re g a tio n

T re a tm e n t



(206)Volumetric Change

1 m

1 m
1 m R a te  o f E xp a n s io n  o f C o n cre te

7 -1 3 *0 . 0 0 0 0 0 1 /D e g re e

R a te  o f E xp a n s io n  o f S te e l
7 -1 3 *0 . 0 0 0 0 0 1 /D e g re e

C o n cre te

S te e l

A lm o s t S a m e

( 2 0 6  ) V o lu m e tric C h a n g e



(207)Modulus of Elasticity

( 2 0 7  ) M o d u lu s  o f E la s tic ity

P

l

l

A      Y o u n g 's  M o d u lu s = S tre s s /S tra in

     S tra in = l
l

     S tre s s = P /A

A

B

C

O D E

     S tre s s = P /A

    E la s tic   S tra in
     R e ta in e d  
     S tra in

     S tra ig h t L in e

     S m o o th  C u rb e     T a k e  O u t S tre s s  a t P o in t A
     R e tu rn  to  A -C -O
     N o t A -B -O

     S tra in = l
l

    C o n cre te  N o t P e rfe ct E la s tic ity

    T a k e  O u t E x te rn a l F o rce ( P  ) ,
     R e tu rn  to  O rig in a l S h a p e .

     7 5 %  o f 
C o m p re s s iv e  S tre n g th



(208) Mix Proportion of Concrete

( 2 0 8  ) M ix  P ro p o rtio n  o f C o n cre te  

1  M a te ria l T e s t
2  M ix  P ro p o rtio n  T e s t
3  T ria l M ix
4  D e c is io n  o f M ix  P ro p o rtio n

M ix   P ro p o rtio n  D e s ig n  

S tre n g th

W o rk a b ility

E co n o m y

D u ra b ility

A g g re g a te  M a x im u m  s iz e   B igR e d u ce  U n it W a te r

R e d u ce  W a te r C e m e n t R a tio
G o o d  M a te ria l

P ro p e r M ix  D e s ig n



(209) Mix Proportion (1)

( 2 0 9  ) M ix  P ro p o rtio n  

C o a rse  A g g re g a te

C o m p re ss ive  S tre n g th  
2 8  =  2 4 0  k g /cm 2

1 2 4

1 3 6
C o m p re ss ive  S tre n g th  

2 8  =  1 8 0  k g /cm 2

M ix  P ro p o rtio n  V o lu m e

C e m e n t F in e  A g g re g a te



(210) Mix Proportion (2)

W d W a W s W w

A b so rp tio n
W a te r S u rfa ce  
C o n te n t

W a te r
C o n te n t

A b so rp tio n  R a tio  = ( ( W s-W d  ) / W d  ) *1 0 0

W a te r S u rfa ce  
C o n te n t   R a tio     = ( ( W w -W s  ) /W s  ) *1 0 0

S p e cific G ra v ity  ( S .S .D  ) = W s/ W d

( 2  ) A d ju s t M o is tu re  C o n d itio n  o f A g g re g a te

( 1  ) A d ju s t G ra d in g

S p e cifie d  M ix  P ro p o rtio n :A cco rd in g

F ie ld  M ix  P ro p o rtio n

A d ju s t
R e ta in in g R e ta in in g

P a s s in gP a s s in g
A d ju s t

O ve n d ry A ir d ry S a tu ra te d  

S u rfa ce  d ry

D a m p  o r W e t

F in e  A g g re g a te C o a rs e  A g g re g a te

5  m m  S ie ve 5  m m  S ie ve

S p e cifie d  M ix  P ro p o rtio n :A cco rd in g  to  S p e cifica tio n
F ie ld  M ix  P ro p o rtio n :A d ju s t 5 m m  S ie ve  P a ss in g  o r R e ta in in g  A m o u n t
                                A d ju s t W a te r S u rfa ce  C o n te n t a n d   A b so rp tio n  o f A g g re g a te

( 2 1 0  ) M ix  P ro p o rtio n  ( 2  )  



(211) Specified Field Mix Proportion (1) 



(212) Specified Field Mix Proportion (2) 



(213) Specified Field Mix Proportion (3) 



(214) Mix Proportion of Concrete

1  M a te ria l Te s t
2  M ix  P ro p o rtio n  Te s t
3  T ria l M ix
4  D e cis io n  o f M ix  P ro p o rtio n

M ix   P ro p o rtio n  D e s ig n  

S tre n g th

W o rk a b ility

E co n o m y

D u ra b ility

A g g re g a te  M a x im u m  s iz e   B igR e d u ce  U n it W a te r

R e d u ce  W a te r C e m e n t R a tio
G o o d  M a te ria l

P ro p e r M ix  D e s ig n

M in im u m   W a te r
W ith in  D e s ig n  a n d  W o rk a b ility

( 2 1 4  ) M ix  P ro p o rtio n  o f C o n cre te  



(215) Required Average Strength

1 . 0

1 . 1

1 . 2

1 . 3

1 . 4

1 . 5

1 0 2 0 3 0 4 0
E

x
tr

a
 C

o
e

f f
i c

i e
n

t
(

)
F lu ctu a tio n  C o -e ffic ie n t( V  ) %

R e q u ire d  A ve ra g e  S tre n g th ( r ) = ( ck  ) *

( )

( ck  ) = D e s ig n  S tre n g th

G o o d  Q u a lity  C o n tro l N o t G o o d  Q u a lity  C o n tro l 

F lu ctu a tio n  
C o -e ffic ie n t( V  ) %

E x tra  C o e ffic ie n t
( )

( 2 1 5  ) R e q u ire d  A ve ra g e  S tre n g th



(216) Water Cement Ratio

( 2 1 6  ) W a te r C e m e n t R a tio

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
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th

                                                  W /C

                                                  C /W

                                                  W /C = x
                                                  C o m p re s s ive  S tre n g th =

A /B ) ^ x

                                                   C o m p re s s ive  S tre n g th =

A + B * C /W  )

                                                   In  C a se  o f  N o  T ria l M ix

                                                   C /W  )



(217) Water Cement Ratio and Strength
217 W/C and Strength
y=ax+b
(x*x)a+(x)b=(x*y)
(x)a+nb=(y)
n=Measuring Number
C/W-s y=259*x-239

C/W=x
W/C(%) 50 55 60 s28(kg/cm2)=y

(C/W) 2 1.82 1.67 x y x*x x*y
s28(kg/cm2) 276 238 190 2 276 4 552

1.82 238 3.3124 433.16
1.67 190 2.7889 317.3

Total 5.49 704 10.1013 1302.46
y=ax+b
(x*x)a+(x)b=(x*y) =(10.1013)*a+(5.49)*b=1302.46
(x)a+nb=(y) =(5.49)*a+3b=704

a=259
b=-239
y=259*x-239



(218) Water Cement Ratio and Durability

( 2 1 8  ) W /C  a n d  D u ra b ility

M in im u m  V a lu e  5 0 %



(219) Water Cement Ratio and Water tightness

( 2 1 9  ) W /C  a n d  W a te r T ig h tn e ss



(220) Water Cement Ratio and Durability



220 W/C and Durability

Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition Strict Weather,A Lot of 
Freezing and Thawing Action

A Fewoof Freezing and 
Thawing Action

Paving Concrete 45 50

221 Unit Water and Sand Percentage of Concrete 
River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size of 
Aggregat

e

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131



50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93

222 Correction

Section Correction of (s/a)% Correction of (W)kg

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 

W/C(0.05 Bigger) Increase 1 No Correction 

Slump(2.5cm Bigger) No Correction Increase 3%

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)

223 Unit Water and Unit Cement

Type of Concrete Unit Water Unit Cement

Plain Concrete Decrease as much as posible Decide W and W/C

Reinforced Concrete Decrease as much as posibleDecide W and W/C(Over 300kg)

Pavement Concrete Below 150kg 280-340kg

Dam Concrete Below 120kg Internal Minimum 140kg
External W and W/C



(221) Unit Water and Sand Percentage



(222) Correction



(223) Unit Water and Unit Cement



(224) Unit Fine Aggregate and Coarse Aggregate

( 2 2 4  ) U n it F in e  A g g re g a te  a n d  U n it C o a rs e  A g g re g a te

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

C o n cre te  1 m 3 ( 1 0 0 0 l)
A ir

s/a = S a n d  P e rce n ta g e
= F in e  A g g re g a te ( V o lu m e ) /( F in e  A g g re g a te  V o lu m e + C o a rs e  A g g re g a te V o lu m e )

W a te r   

C e m e n t 

F in e  A g g re g a te

C o a rs e  A g g re g a te



(225) Correction (1)



225 Correction
Gmax:Aggregate  Maximum Size(mm) 40
Slump(cm) 10
Water Cement Ratio(%) 51.5
Calculate Unit Weight ?
Cement Specific Gravity 3.15
Fineness Modulus(FM) 2.8
Fine Aggregate Specific Gravity 2.57
Coarse Aggregate Specific Gravity 2.61

221 Unit Water and Sand Percentage of Concrete 
River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size of 
Aggregat

e

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131
50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93

Condition Correction s/a W
ReferenceExample (%) (kg)

40 40 36 160

F.M 2.75 2.8 36+(2.8-2.75)*0.5/0.1=36.3 36.3 160

W/C 55 51.5 36.3-(0.55-0.515)*1/0.05=36.3 35.6 160

Slump 5 10 160+(1+(10-5)*0.03/2.5)=170 35.6 170

222 Correction
Section Correction of (s/a)% Correction of (W)kg

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 

W/C(0.05 Bigger) Increase 1 No Correction 

Slump(2.5cm Bigger) No Correction Increase 3%

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%



Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)

(1) W/C=51.5% W=170 C=170/(51.5*0.01)=330

(4)254*2.57=653
(6)=459*2.61=1199

237 Saturated Surface-Dry State of Aggregate
Grade Gmax Slump air water 

cement ratio
sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
40 10 1.2 51.5 35.6 330 170 653 1199 Weight

3.15 1 2.57 2.61 Specific Gravity

12 105 170 254 459 Volume

(2)=330/3.15=105 (5)=1000-(12+105+170+254)=459
(3)=(1000-(12+105+170))*35.6*0.01=254



(226) Correction (2)



(227) Correction (3)



(228) Order of Mix Proportion Design

( 2 2 8  ) O rd e r o f M ix  P ro p o rtio n  D e s ig n

( 1  ) C a lcu la te  M ix  P ro p o rtio n  S tre n g th
( 2  ) D e c id e  W a te r C e m e n t R a tio
( 3  ) D e c id e  M a x im u m  S iz e  o f A g g re g a te ,
                    S lu m p  a n d  A ir C o n te n t

( 4  ) S e le ct U n it W a te r a n d  S a n d  P e rce n ta g e
( 5  ) C a lcu la te  U n it C e m e n t,U n it F in e  A g g re g a te ,
                        U n it C o a rs e  A g g re g a te  a n d  A d m ix tu re

( 6  )  T ria l M ix
( 7  )  D e c id e  S p e c ifie d  M ix  P ro p o rtio n
( 8  )  C o rre ct S p e c ifie d  M ix  P ro p o rtio n  to  F ie ld  M ix  



(229) Maximum Size of Aggregate



(230) Standard of Air Content



(231) Mix Proportion Calculation (1)

231 Example of Mix proportion 
a Reinforced Concrete Retaining Wall
b Required Strength s28(kg/cm2)=210kg/cm2

c Slump(cm) 8cm
d Co-efficient 15%
e Weather Mild
f No Need Water Tightness
g Cement Specific Gravity 3.16
h Fine Aggregate Specific Gravity 2.6
i Fine Modulus of Fine Aggregate 2.85
j Coarse Aggregate Specific Gravity 2.64
k Maximum Size of Aggregate(mm) 25

(1) Required Strength
d Co-efficient 15%

Extra Co-efficient(a) 1.12
Required Strengthσr
σr=210*1.12=235(kg/cm2)

(2) Water Cement Ratio (W/C)
According to Required Strength and Durability or 
s28=-210+215*(C/W) 235=-210+215*(C/W)

W/C=48.3% Adapt Smaller 48.3%

220 W/C and Durability

Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition Strict Weather,A Lot of 
Freezing and Thawing 

A Few of Freezing and 
Thawing Action

Paving Concrete 45 50



(3) Slump
c Slump(cm) 8cm

(4) Maximum Size of Coarse Aggregate
k Maximum Size of Aggregate(mm) 25

(5) Unit Water and Sand Percentage

221 Unit Water and Sand Percentage of Concrete 
River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size 

of 
Aggreg

ate

No Admixture AE Concrete

Entrapp
ed Air

Sand 
Percent

age

Unit 
Water 

of 
Concret

e

Air 
Content
(Strict 

Weathe
r)

Good Quality AE 
Agent

Good Quality 
Water Reducing  

Sand 
Percent

age

Unit 
Water 

of 
Concret

e

Sand 
Percent

age

Unit 
Water 

of 
Concret

e
(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)

15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131
50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93



222 Correction River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Section Correction of (s/a)% Correction of (W)kg

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 

W/C(0.05 Bigger) Increase 1 No Correction 

Slump(2.5cm Bigger) No Correction Increase 3%

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)

Section Correction of (s/a)% Correction of (W)kg s/a(%) W(kg)

41 172

Sand (F.M)=2.85 (s/a)=41+((2.85-
2.75)/(0.1))*0.5=0.5

No Correction 41.5 172

W/C=(48.3%) (s/a)=41.5+((0.48.3-
0.55)/0.05)*1=40.2

No Correction 40.2 172

Slump(8cm) No Correction 172*(1+((8-5)/2.5)*0.03)=178 40.2 172

s/a(%) 40.2 C=172/0.483=356kg

W(kg) 172



(6) Unit Cement =178/(48.3*0.01)=369
(7) Unit Aggregate
(7-2)Fine Aggregate Weight=277*2.6=720

(8) Required Mix Proportion (7-4)Coarse Aggregate Weight=413*2.64=1090

Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 
cement 
ratio

sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA(5~10m
m)

CA(10~20
mm)

(% of 
weight of 
cement)

(% of 
weight of 
cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
235 25 8 1.5 48.3 40.2 369 178 720 1090 Weight

3.16 1 2.6 2.64 Specific Gravity

15 117 178 277 413 Volume

231 Example of Mix proportion =369/3.16=117 (7-3)Coarse Aggregate Volume=(1000-(15+117+178+277))=413
a Reinforced Concrete Retaining Wall
b Required Strength s28(kg/cm2)=210kg/cm2 (7-1)Fine Aggregate Volume=(1000-(15+117+178))*40.2*0.01=277
c Slump(cm) 8cm
d Co-efficient 15%
e Weather Mild
f No Need Water Tightness
g Cement Specific Gravity 3.16
h Fine Aggregate Specific Gravity 2.6
i Fine Modulus of Fine Aggregate 2.85
j Coarse Aggregate Specific Gravity 2.64
k Maximum Size of Aggregate(mm) 25



Trial Mix
Trial Mix After Mix Proportion Calculation

1 Adjust Slump and Air Content
2 Adjust Sand Percentage(s/a)

Section W/C s/a W C Slump Remarks
(%) (%) (kg) (kg) (cm)

1-1 Batch 52 45 177 340 8.5 Required Slump(5-6cm) 1 Adjust Slump and Air Content
2 Adjust Sand Percentage(s/a)

1-2 Batch 52 45 171 329 5 Adjust Slump

2 Batch 52 44 169.5 326 5.5 Change (s/a) 1%
Confirm Concrete Condition

3 Batch 52 43 167 321 5.5

4 Batch 52 42 165.5 318 5

5 Batch 52 41 164 315 5.5 Decided

6 Batch 52 40 162.5 313 5 Segregation



(232) Mix Proportion Calculation (2)



(233) Mix Proportion Calculation (3)



(234) Mix Proportion Calculation (4)



(235) Mix Proportion Calculation (5)



(236) Mix Proportion Calculation (6)



(237) Mix Proportion Calculation (7)



(238) Advantage of Fresh Concrete

( 2 3 8  ) A d va n ta g e s  o f F re s h  C o n cre te

( 1  ) P ro d u ct P le n ty  C o n cre te
( 2  ) G o o d  Q u a lity  C o n tro l
( 3  )  A d va n ce  C o n s tru ctio n  P ro g re s s
( 4  )  E co n o m y
( 5  )  E a s y  C o s t E s tim a tio n   



(239) Attention of Fresh Concrete

( 2 3 9  ) A tte n tio n  o f F re sh  C o n cre te

( 1  ) Q u a lity  Te s t( 2  ) U n lo a d in g  C on cre te  w ith in  1 . 5  H o u rs ,
       if o ve r 1 . 5  H o u rs ,C o n su lt w ith  E n g in e e r

( 3  ) R e m ix in g

( 4  ) M a in ta in  A cce ss  R o a d

( 5  ) C o n s id e r S lu m p  Lo ss  a n d  A ir C o n te n t Lo ss

( 6  ) C h e ck  A cce ss  R o a d  R o u te ,U n lo a d in g  P o s itio n  a n d  Lo a d in g  T im e

W e  P ro d u ce  G o o d  Q u a lity  C o n cre te
G od  B le ss  Y o u  !



(240) Batching Plant

( 2 4 0  ) B a tch in g  P la n t

( 1  ) M a te ria l S to ck  Y a rd

( 2  ) C e m e n t S ilo

( 3  ) M ix in g  P la n t

( 4  ) M e a su rin g  M a te ria l 
        A ccu ra cy

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

1 %

2 %



(241) Concrete Delivery Control
( 2 4 1  ) C o n cre te  D e liv e ry  C o n tro l

B a th in g  P la n t
M ix in g       A b o u t 1  M in u te s
Lo a d in g    A b o u t 2 -3  M in u te s

T ra n s p o rtin g    A b o u t  3 0  M in u te s
W a itin g            A b o u t  2 0  M in u te s

U n lo a d in g  
( C o n crte te in g    A b o u t  1 2  M in u te s )

( 2 4 0  ) B a tch in g  P la n t

( 4  ) M e a s u rin g  M a te ria l 
        A ccu ra cy

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

1 %

2 %

S e a  W a te r

A S T M  C  9 4

D rin k in g  
W a te r

W a te r
p H  5 ~ 8 . 5

( 2 6  ) B a tch in g  P la n t
          W a te r
 

( 2 5  ) C a lib ra tio n
A C I 3 0 4  R

C a lib ra tio n

B a tch in g  P la n t E q u ip m e n t 
C a lib ta re d

( 1 8  ) B a tch in g  P la n t
P e rce n ta g e  o f A ccu ra cy

( A S T M  C  9 4 ,C  6 8 5  )

( 9  )  B a tch in g  P la n t T e s t C y lin d e r

A S T M  C  1 7 2
A S T M  C  3 1
A C I 3 1 8

N o  o f C u b ic  M a te rs  in  A n y

0 -3 8
3 9 -1 5 0
1 5 1 -2 7 0
G re a te r th a n  2 7 0

N o  o f C u b ic  M a te rs  in  A n y

O n e  fo r e a ch  2 0  cu b ic  m e te rs
O n e  fo r e a ch  4 0  cu b ic  m e te rs
O n e  fo r e a ch  6 0  cu b ic  m e te rs
O n e  fo r e a ch  7 5  cu b ic  m e te rs



(242) Quality Control

a ) C o m p re s s ive  S tre n g th  R e q u ire d  S tre n g th

( 1  ) C o m p re s s ive  S tre n g th

b ) A ve ra g e  C o m p re s s ive  S tre n g th  S tre n g th

( 2  ) S lu m p

La b o ra to ry

  S lu m p A llo w a n ce  

  2 . 5

  5

  8 -1 8

  O ve r 1 9

  + -1

  + -1 . 5

  + -2 . 5

  + -1 . 5

( 3  ) A ir C o n te n t

  T yp e  o f C o n cre te A llo w a n ce  

  N o rm a l C o n cre te

 L ig h t W e ig h t

  + -1

  + -1 . 5

( 2 4 2  ) Q u a lity  C o n tro l 



(243) Rule of Constant Unit Water Content

( 2 4 3  ) R u le  o f C o n s ta n t U n it W a te r C o n te n t
 

S lu m p

W a te r

C e m e n t

S a n d  a n d  
A g g re g a te

S lu m p  is  e ffe cte d  b y  W a te r
1  W a te r C o n te n t = C o n s ta n t
2  s /a = C o n s ta n t
3  C e m e n t C o n te n t ,S a n d  a n d  
A g g re g a te  C o n te n t a re  C h a n g e d

S lu m p = C o n s ta n t



(244) Mix Proportion of Concrete

( 2 4 4  ) M ix  P ro p o rtio n  o f C o n cre te  

1  M a te ria l T e s t
2  M ix  P ro p o rtio n  Te s t
3  T ria l M ix
4  D e cis io n  o f M ix  P ro p o rtio n

M ix   P ro p o rtio n  D e s ig n  

S tre n g th

W o rk a b ility

E co n o m y

D u ra b ility

A g g re g a te  M a x im u m  s iz e   B igR e d u ce  U n it W a te r

R e d u ce  W a te r C e m e n t R a tio
G o o d  M a te ria l

P ro p e r M ix  D e s ig n

1  S lu m p ,W a te r C o n te n t a n d  C o n s is te n cy
2  W /C -S tre n g th a n d  D u ra b ility
3  W /C -W a te r T ig h tn e s s
4  W o rk a b ility , s /a  a n d  M in im u m  W a te r C o n te n t
5  M a x im u m  S iz e  o f C o a rs e  A g g re g a te  d u e  to  S tru ctu re
6  U n it C e m e n t C o n te n t,U n it F in e  A g g re g a te  a n d  U n it C o a rs e  A g g re g a te
7  A ir C o n te n t a n d  A E  A g e n t



(245) Water Cement Ratio

( 2 4 5  ) W a te r C e m e n t R a tio

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

W a te r-C e m e n t R a tio
W /C = 0 . 5 % W /C = 0 . 8 5 %W /C = 0 . 2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

A ir  

C e m e n t P a s te -B o n d -S tre n g th

W /C  E ffe ct S tre n g th ,D u ra b ility  a n d  W a te r T ig h tn e s s

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t



(246) Water Cement Ratio and Strength

A ir  

( 2 4 6  ) W a te r C e m e n t R a tio  a n d  S tre n g th  

C
om

pr
es

si
ve

 S
tre

ng
th

  M
pa

W a te r-C e m e n t R a tio
W /C = 0 . 5 % W /C = 0 . 8 5 %W /C = 0 . 2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

C e m e n t P a s te -B o n d -S tre n g th

W /C  E ffe ct S tre n g th ,D u ra b ility  a n d  W a te r T ig h tn e s s

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t

C
om

pr
es

si
ve

 S
tre

ng
th

                                                  W /C

                                                  C /W

                                                  W /C = x
                                                  C o m p re s s ive  S tre n g th =

A /B ) ^ x

                                                   C o m p re s s ive  S tre n g th =

A + B * C /W  )

                                                   In  C a se  o f  N o  T ria l M ix

                                                   C /W  )

                                                  S m a ll C o n s tru ctio n



(247) Required Average Strength and Extra Co-efficient

1 .0

1 . 1

1 . 2

1 . 3

1 . 4

1 . 5

1 0 2 0 3 0 4 0
E

x
tr

a
 C

o
e

f f
i c

i e
n

t
(

)

F lu ctu a tio n  C o-e ffic ie n t( V  ) %

R e q u ire d  A ve ra g e  S tre n g th ( r ) = ( ck  ) *

( )

( ck  ) = D e s ig n  S tre n g th

G oo d  Q u a lity  C o n tro l N o t G oo d  Q u a lity  C o n tro l 

F lu ctu a tio n  
C o-e ffic ie n t( V  ) %

E x tra  C oe ffic ie n t
( )

C o n tro l Le ve l

7 -1 0

1 0 -1 5

1 5 -2 0

O ve r 2 0

S u p e r

G o od

N o rm a l

B a d

( 2 4 7  ) R e q u ire d  A ve ra g e  S tre n g th  a n d  E x tra  C o-e ffic ie n t



(248) Fluctuation Co-efficient (V)

248 Calculation of Fluctuation Modulus 

Test No Measuring Value,Concrete Compressive Strength(N/mm2) x^2 
(N/mm2)

Test No Averae;x Averaex1 x2 x3 Total Averae;x
1 17.7 18.8 18.8 55.3 18.4 339.79 1 18.4 21.38
2 23.6 22 22 67.6 22.5 507.75 2 22.5 21.38
3 25.3 26.1 25.8 77.2 25.7 662.20 3 25.7 21.38
4 20.8 19.5 21.8 62.1 20.7 428.49 4 20.7 21.38
5 21.7 22.8 20.6 65.1 21.7 470.89 5 21.7 21.38
6 22.4 21.7 23.2 67.3 22.4 503.25 6 22.4 21.38
7 23 21.6 23.4 68 22.7 513.78 7 22.7 21.38
8 23.3 23 23 69.3 23.1 533.61 8 23.1 21.38
9 21.7 22.8 20.6 65.1 21.7 470.89 9 21.7 21.38

10 20.8 18.8 20.5 60.1 20.0 401.33 10 20.0 21.38
11 19 19.2 22.3 60.5 20.2 406.69 11 20.2 21.38
12 19.8 20.8 21.3 61.9 20.6 425.73 12 20.6 21.38
13 18.2 23.8 21.6 63.6 21.2 449.44 13 21.2 21.38
14 20.3 20.8 20.3 61.4 20.5 418.88 14 20.5 21.38
15 15.7 18.4 23.3 57.4 19.1 366.08 15 19.1 21.38

Total 320.6 6898.8 
Average 21.38 459.92 

Standard Deviation: s=(459.92-21.38^2)^0.5 1.68 N/mm2



(249) Water Cement Ratio and Durability

( 2 0 4  ) D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d icin e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t

S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  Th a w in g  A ctio n
       A E  C on cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C
o

m
p

re
ss

iv
e

 S
tr

e
n

g
th

  
M

p
a

W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t

W /C  - S m a ll
S tre n g th  a n d  D u ra b ility-B ig



(250) Water tightness

( 2 5 0  ) W a te r tig h tn e s s

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

W a te r Le a k a g e       1    M ix  P ro p o rtio n  D e s ig n  
                                 N o t P ro p e r

                            2   U n p ro p e rly  C o n s tru ctio n

1  W o rk a b le  C o n cre te
2  U n ifo rm ity
3   N o  S e g re g a tio n

T re a tm e n t

W a te r T a n k ,D a m
W /C  -B e lo w  5 5 %

C o n cre te  -H yd ra tio n
R e q u ire d
W /C
2 0 -2 5 %

W /C -S m a ll
S u ffic ie n t C o m p a ctio n
W e t C u rin g                              W a te r tig h tn e s s



(251) Water Cement Ratio and Mix Proportion Design

( 2 5 1  ) W /C  a n d  M ix  P ro p o rtio n  D e s ig n

M in im u m  V a lu e  5 0 %



(252) Concrete Mix Proportion Design (1)

( 2 5 3  ) C o n cre te  M ix  P ro p rtio n  D e s ig n ( 2  )

3 0 0

1 0 0 0

6 0 015
00

40
0

1 : 1 . 5 R o a d

( 1  ) ck= 1 6 . 0 N /m m 2
( 2  ) C /W -

2 8 = 2 1 + 2 1 .5 *( C /W )



252 Concrete Nix Proportion Design
(1)   sck=16N/mm2 
(2)  C/W-s s28=21+21.5*(C/W)
(3)  Structure Section
(4)  Material
(5)  Construction Control Field Mix
(6)  s/a  and W

Cement Normal Portland Cement
Sand Fineness Modulus(F.M)=2.75

Specific Gravity=2.62
Gravel Maximum Size of Aggregate 50mm

Specific Gravity=2.65
Mix Proportion Calculation
(1) W/C
a) W/C-Compressive Strength
1) Extra Co-efficient(a) (a)=1.18

Fluctuation Modulus (V)=15-20% (V)=20%
2) Required Strength(sr)

(sr)=16*1.18=-21+21.5(C/W)
(W/C)=54%

b) Durability
220 W/C and Durability

Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition Strict Weather,A Lot of 
Freezing and Thawing Action

A Fewoof Freezing and 
Thawing Action

Paving Concrete 45 50

(W/C)=65%
c) Selection of W/C

(W/C)=54% Adapt Smaller (W/C)



(2) Decide Slump and Maximum Size of Aggregate

a) Slump
229 Maximum Size of Aggregate and Slump

Type of Concrete Type of Structure Maximum Size of Aggregate(mm) Slump(cm)

Plain Concrete
Standard :Below 100mm.Not Over (1/4) 

Minimum Size of Structure,Water 
Tightness Concrete :Not Over 1/5

2.5-8

Reinforcement 
Concrete

Normal 25 Below 50mm.Not Over (1/5) Minimum 
Size of Structure,Not Over 3/4 

Reinforced Bar Interval

5-12
Big Section 40 2.5-10

Water tightness Below 8

Concrete Pavement Below 40 2.5

Dam Concrete Below 150 3-5

230 Standard of Air Content

Type Air Content(%)

Plain. Reinforcement Concrete 3-6

Concrete Pavement 4

Dam 
Concrete

Maximum Size 
40mm

4.0+-1

Maximum Size 
80mm

3.5+-1

Maximum Size 
150mm

3.0+-1

Slump 6.5cm
Maximu Size of Aggregate 50mm



(3) Calculate Unit Water Content(W)
221 Unit Water and Sand Percentage of Concrete 

River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size of 
Aggregat

e

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131
50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93

(4) Calculate s/a Condition Calculation s/a W
222 Correction River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75 ReferenceExample (%) (kg)

Section Correction of (s/a)% Correction of (W)kg 50 50 33 152

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 2.75 2.75 33 152

W/C(0.05 Bigger) Increase 1 No Correction 55 54 s/a=(33+(0.54-0.55)/0.05)*1)=32.8 32.8 152

Slump(2.5cm Bigger) No Correction Increase 3% 5 6.5 W=152*(1+((6.5-5)/2.5)*0.03)=155 32.8 155 

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)



(5) (6) Unit Water Content and Fine Aggregate and Coarse Aggregate

(1) W/C=54% W=155 C=155/(54*0.01)=287

(4)234*2.62=613
(6)=496*2.65=1314

Specified Mix Proportion Saturated Surface-Dry State of Aggregate
Grade Gmax Slump air water 

cement ratio
sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm)
cm

(%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
Mighty 
900RA=(   
)%*cement

Mighty 
185S=(   )%

50 6.5 1 54.0 32.0 287 155 612 1315 Weight

3.15 1 2.62 2.65 Specific Gravity

10 105 155 234 496 Volume 1000

(2)=287/3.15=105 (5)=1000-(10+105+155+234)=496
(3)=(1000-(10+105+155))*32*0.01=234



(253) Concrete Mix Proportion Design (2)



(254) Concrete Mix Proportion Design (3)



(255) Concrete Mix Proportion Design (4)



(256) Concrete Mix Proportion Design (5)



(257) Concrete Mix Proportion Design (6)



(258) Concrete Mix Proportion Design (7)



(259) Minimum Content of Cement



(260) Slump (Standard Value)



(261) Maximum Size of Aggregate



(262) Maximum Size of Aggregate



(263) Adjustment



(264) Unit Coarse Aggregate Volume ,Sand Percentage and Unit Water Content



(265) Correction



(266) AE Concrete Mix Proportion Design (1)



(267) AE Concrete Mix Proportion Design (2)



(268) AE Concrete Mix Proportion Design (3)



(269) AE Concrete Mix Proportion Design (4)



(270) AE Concrete Mix Proportion Design (5)



(271) AE Concrete Mix Proportion Design (6)



(272) AE Concrete Mix Proportion Design (7)



(273) AE Concrete Mix Proportion Design (8)



(274) AE Concrete Mix Proportion Design (9)



(275) Air Content of AE Concrete



275 Air Content of AE Concrete

Maximum Size of Coarse Aggregate (mm) Air Content (%)

15 6

20 5

25 4.5

40 4

50 3.5

80 3

276 Grading of Fine Aggregate

Sieve Size Sieve Passing Percentage

10 100

5 90-100

2.5 80-100

1.2 50-90

0.6 25-65

0.3 10-35

0.15 2-10



277 Grading of Coarse Aggregate

Sieve 

Size(mm)
Sieve Passing Percentage

Coarse 

Aggregat

e 

100 80 60 50 40 30 25 20 15 10 5 3 

50-5 - - 100 95-100 - - 35-70 10-35 0-5 -
40-5 - - - 100 95-100 - - 35-70 - 10-30 0-5 -
30-5 - - - - 100 95-100 - 40-75 - 10-35 0-10 0-5
25-5 - - - - - 100 95-100 - 30-70 - 0-10 0-5
20-5 - - - - - - 100 90-100 - - 0-10 0-5
15-5 - - - - - - - 100 90-100 20-55 0-15 0-5
10-5 - - - - - - - - 100 40-70 0-40 0-10
80-40 100 90-100 45-70 - 0-15 - - 0-5 - 85-100 - -
60-40 - 100 90-100 35-70 0-15 - - 0-5 - - - -
50-25 - - 100 90-100 35-70 - 0-15 - 0-5 - - -
40-20 - - - 100 90-100 - 20-55 0-15 - 0-5 - -
30-15 - - - - 100 90-100 20-55 0-5 0-10 - -

278 Mix Proportion
(1) Design Condition

1.Location:
2.Type of Structure:
3.Design Strength:sck=21N/mm2
4.Material

Cement Normal Portland Cement Specific Gravity 3.15 
Fine Aggregate Specific Gravity(S.S.D) 2.65 
Coarse Aggregate
AE Agent C*0.03%

5.Sulmp:(10+-1) (10+-1)%
6.Air Content: 4-5%

275 Air Content of AE Concrete

Maximum Size of Coarse Aggregate (mm) Air Content (%)

15 6

20 5

25 4.5

40 4

50 3.5

80 3



7.Fluctuation Co-efficient(V)
i) Extra Co-efficient(a)

1.5 Fluctuat

ion 

Modulus(

V)%

Control 

Degree

 E
xt
ra

 C
o
-
ef
fi
ci
en
t 1.4

1.3
7-10 Super

1.2
10-15 Good

1.1
15-20 Normal

1
Over 20

Not 

Normal10 15 20 25
Fluctuation Modulus(V)%

Fluctuation Modulus(V) 15%
 Extra Co-efficient(a) 1.14

(2) Specified Mix Proportion Design
(1) Maximum Size of Coarse Aggregate 
261 Maximum Size of Coarse Aggregate

 Plain Concrete Below 100mm,Below (1/4)of Minimum Size of Aggregate

Reinforcement Concrete(Slump)(cm)
Below 50mm,Below (1/5) of Minimum Size of 

Structure,Below (3/4)of Reinforcement Minimum 

Type of Structure Maximum Size of Aggregate (mm)

Normal ,Beam Wall Pier Slab 25

Big Section,Fooching Caison 40

 Maximum Size of Coarse Aggregate

Pavement Concrete Below 40



a)Maximum Size of Structure:=500*(1/5)=100mm
b) Minimum Size Reinforcement Pitch =109*(3/4)=82mm

 Maximum Size of Coarse Aggregate =25mm
(2) Air Content

275 Air Content of AE Concrete

Maximum Size of Coarse Aggregate (mm) Air Content (%)

15 6

20 5

25 4.5

40 4

50 3.5

80 3

 Air Content=4.5%

(3) Water Cement Ratio
a) Compressive Strength W/C
i) Extra Co-efficient(a)

1.5 Fluctuat

ion 

Modulus(

V)%

Control 

Degree

 
Ex
tr
a
 
Co

-e
ff
ic
ie
nt 1.4

1.3
7-10 Super

1.2
10-15 Good

1.1
15-20 Normal

1
Over 20

Not 

Normal10 15 20 25
Fluctuation Modulus(V)%

Fluctuation Modulus(V) 15%
 Extra Co-efficient(a) 1.12



ii) W/C-Compressive Strength
sr=1.12*21=23.5N/mm2 23.5N/mm2
s(28)=24=-16+21.7*(C/W) W/C=54%
s(28)=24=-21+21.5*(C/W) W/C=47%

b)Durability
220 W/C and Durability

Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition
Strict Weather,A Lot of 

Freezing and Thawing 

A Fewoof Freezing and 

Thawing Action

Paving Concrete 45 50

c) Adapt W/C=47% (Select Smallest)

(4)Unit Water  
264Unit Coarse Aggregate Volume,Unit Water and Sand Percentage of Concrete 

Maximum 

Size of 

Aggregat

e

Unit 

Coarse 

Aggregat

e 

Volume

(%)

No Admixture AE Concrete

Entrappe

d Air

Sand 

Percenta

ge(s/a)

Unit 

Water of 

Concrete

Air 

Content(

Strict 

Weather)

Good Quality AE 

Agent

Good Quality 

Water Reducing  

Sand 

Percenta

ge

Unit 

Water of 

Concrete

Sand 

Percenta

ge

Unit 

Water of 

Concrete

(mm) (%) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 53 2.5 49 190 7 46 170 47 160
20 61 2 45 185 6 42 165 43 155
25 66 1.5 41 175 5 37 155 38 145
40 72 1.2 36 165 4.5 33 145 34 135
50 75 1 33 155 4 30 135 31 125
80 81 0.5 31 140 3.5 28 120 29 110

1,Normal Sand (F.M) Fineness Modulus 2.8  Slump 8cm



265 Correction

Section Correction of (s/a)% Correction of (W)kg
Condition

Calculation
s/a W

ReferenceExample (%) (kg)

37 155

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 2.8 2.8 37 155

Slump(1cm Bigger) No Correction Increase 1.2% 8 10 =(1+((10-8)/1)*1.2*0.01)*155=159 37 159 

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 9-15

Crushed Sand Increase 2-3 Increase 6-9

(5) s/a s/a=37%

(6)Specified Mix Proportion
(1) W/C=47% W=159 C=159/(47*0.01)=338

(4)254*2.6=660 (7) 338*0.03*0.01=1.014
(6)=432*2.65=1145

Specified Mix Proportion Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL)
air W/C s/a C W s CA(5~10mm) CA(10~20mm)

(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

240 25 10 4.5 47.0 37 338 159 660 1145 1.01 Weight

3.15 1 2.6 2.65 Specific Gravity

45 110 159 254 432 Volume 1000

(2)=338/3.15=110 (5)=1000-(45+110+159+254)=432
(3)=(1000-(45+110+159))*37*0.01=254

(3) To Field Mix Proportion from Specified Mix Proportion
Field Condition

Adjustme

nt by 

Grading

 Water 

Surface(

%)

5mm 

Passing(

%)

5mm 

Retained

(%)Specified Mix Proportion

W(kg) C(kg) Sand(kg)
Aggregat

e(kg)
Sand x

Wet 

Conditio
3 92 8 655 =x+y=660+1145=1805

159 338 660 1145 
Aggregat

e
y

Wet 

Conditio
3 5 95 1150 =0.08*x+0.95*y=1145



Concrete Mix Proportion

Adjustment Moisture Content

specifiv 

gravity(%)

absorption(

%)

moisture 

content(%)

Water 

surface 

content(%)

Content(kg/

m3)

Correction(

kg/m3)

Corrected(k

g/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)

Water 159 -55 104

Fine Aggregate 2.6 1.66 3 655 20 675

Coarse Aggregate 2.65 0.89 3 1150 35 1185



(276) Grading of Fine Aggregate



(277) Grading of Coarse Aggregate



(278) Mix Proportion (1)



(279) Mix Proportion (2)



(280) Mix Proportion (3)



(281) Mix Proportion (4)



(282) Mix Proportion (5)



(283) Mix Proportion (6)



(284) Mix Proportion (7)



(285) Mix Proportion (8)



(286) Mix Proportion (9)



(287) Mix Proportion (10)



(288) ACI 318 Water Cement Ratio and Compressive Strength



288 ACI 318 W/C and Compressive Strength
Maximum Water-Cementitious Material Ratios and Minimum Design Strengths for Various Exposure Conditions

Exposure Condition Maximum Water-Cementitious Material 
Ratios by Mass Concrete

Minimum Design Compressive Strength 
f'c,Mpa(psi)

Concrete Protected from Exposure to 
Freezing and Thawing,Applicationof  
Deicing Chemicals, or Aggressive 

Substances

Select Water-Cementitious Material 
Ratio on Basis of 

Strength,Workability,and  Finishing 
Needs.

Select Strength Based on Structural 
Requirements

Concrete intended to have low 
permeability when exposed to water. 0.5 28(4000)

Concrete exposed to freezing and 
thawing in a moist condition or deicers 0.45 31(4500)

For corrosion protection for reinforced 
concrete exposed to chlorides from 
deicing salts, salt water, brackish 

water,seawater,or  spray from these 
sources.

0.4 35(5000)

Adapted from ACI 318
289 ACI 318 Requirements for concrete exposed to sulfates in soil or water

Sulfate 
Exposure

Water-soluble sulfate(S04) in 
soil,percent by mass.

Sulfate(SO4) in 
Water,ppm Cement Type

Maximum water-
cementitious 

material ratio,by 
mass

Minimum design 
compressive 

strength 
f"c,Mpa(psi)

Negligibl
e Less than 0.10 Less than 150 No special type 

required - -

Moderate 0.10 to 0.20 150 to 1500
II,MS,IP(MS),IS

(MS),P(MS),I(PM)(
MS),I(SM)(MS)

0.5 28(4000)

Severe 0.20 to 2.00 1500 to 10,000 V,HS 0.45 31(4500)

Very 
Severe Over 2.00 Over 10,000 V,HS 0.4 35(5000)



290 ACI 211.1 and ACI 211.3 Relationship(Metric)  between water cement ratio and compressive strength of concrete  

Compressive Strength at 28 
days,Mpa

Water-cementitious materials ratio by mass

Non-air-entrained concrete Air-entrained concrete

45 0.38 0.3

40 0.42 0.34

35 0.47 0.39

30 0.54 0.45

25 0.61 0.52

20 0.69 0.6

15 0.79 0.7

Strength is based on cylinders moist-cured 28 days in accordance with ASTM C31(AASHTO T 23).Relationship assumes 
nominal maximum size aggregate of about 19 to 25 mm. Adapted from ACI 211.1 and ACI 211.3 

290 ACI 211.1 and ACI 211.3 Relationship(Inch-Pound Units) between water cement ratio and compressive strength of 

Compressive Strength at 28 
days,psi

Water-cementitious materials ratio by mass

Non-air-entrained concrete Air-entrained concrete

7000 0.33 -

6000 0.41 0.32

5000 0.48 0.4

4000 0.57 0.48

3000 0.68 0.59

2000 0.82 0.74

Strength is based on cylinders moist-cured 28 days in accordance with ASTM C31(AASHTO T 23).Relationship assumes 
nominal maximum size aggregate of about  3/4in.to 1 in. Adapted from ACI 211.1 and ACI 211.3 



291 ACI 211 Bulk Volume of Coarse Aggregate per Unit Volume of Concrete

Maximum Size of 
Coarse Aggregate

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

10 0.5 0.48 0.46 0.44

12.5 0.59 0.57 0.55 0.53

20 0.66 0.64 0.62 0.6

25 0.71 0.69 0.67 0.65

40 0.76 0.74 0.72 0.7

50 0.78 0.76 0.74 0.72

70 0.81 0.79 0.77 0.75

150 0.87 0.85 0.83 0.81

Bulk volume are based on aggregates in a dry-rodded condition described in ASTM C 29 (AASHTO T 
19).Adapted from ACI 211



292 ACI 211.1 and ACI 318(Metric)  Approximate Mixing Water and Target Air Content 
Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate

Slump(mm) Water,kilograms per cubic meter of concrete,for indicated sizes of aggregate*
9.5 12.5 19 25 37.5 50** 75** 150**

Non-Air-entrained concrete
25-50 207 199 190 179 166 154 130 113

75-100 228 216 205 193 181 169 145 124
150-175 243 228 216 202 190 178 160 -

Approximate 
amount of 

entrapped air in 
non-air-entrained 
concrete ,percent

3 2.5 2 1.5 1 0.5 0.3 0.2

Air-entrained concrete
25-50 181 175 168 160 150 142 122 107

75-100 202 193 184 175 165 157 133 119
150-175 216 205 197 184 174 166 154 -

Recommended 
average total air 

content,percent,for  
level of 

exposure(&)

Mild exposure 4.5 4 3.5 3 2.5 2 1.5 1

Moderate Exposure 6 5.5 5 4.5 4.5 4 3.5 3

Severe exposure 7.5 7 6 6 5.5 5 4.5 4

* These quantities of mixing water are for use in computing cementitious material contents for trial 
batches. They are maximums for reasonably well-shaped angular coarse aggregates graded within 

limits of accepted specifications.
 ** The slump values for concrete containing aggregates larger than 37.5mm are based on slump tests 

made after removal of particles larger than 37.5mm by wet screening.
(&) The air content in job specifications should be specified to be delivered within -1 to  +2 percentage 
points of the table target value for moderated and severe exposures.     Adapted from ACI 211.1 and 

ACI 318.However(1995)  presents this information in graphical form.



293 ACI 211.1 and ACI 318(Inch-Pound Units)  Approximate Mixing Water and Target Air 
Content Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate

Slump(in) Water,pounds per cubic yard of concrete,for indicated sizes of aggregate*
(3/8) In (1/2) In (3/4) In (1) In (1 1/2) In (2) In (3) In (6) In

Non-Air-entrained concrete
1-2 350 335 315 300 275 260 220 190
3-4 385 365 340 325 300 285 245 210
6-7 410 385 360 340 315 300 270 -

Approximate 
amount of 

entrapped air in 
non-air-entrained 
concrete ,percent

3 2.5 2 1.5 1 0.5 0.3 0.2

Air-entrained concrete
1-2 305 295 280 270 250 240 205 180
3-4 340 325 305 295 275 265 225 200
6-7 365 345 325 310 290 280 260 -

Recommended 
average total air 

content,percent,for  
level of 

exposure(&)

Mild exposure 4.5 4 3.5 3 2.5 2 1.5 1

Moderate Exposure 6 5.5 5 4.5 4.5 3.5 3.5 3

Severe exposure 7.5 7 6 6 5.5 5 4.5 4

* These quantities of mixing water are for use in computing cementitious material contents for trial 
batches. They are maximums for reasonably well-shaped angular coarse aggregates graded within 

limits of accepted specifications.
 ** The slump values for concrete containing aggregates larger than 37.5mm are based on slump tests 

made after removal of particles larger than 37.5mm by wet screening.
(&) The air content in job specifications should be specified to be delivered within -1 to  +2 percentage 
points of the table target value for moderated and severe exposures.     Adapted from ACI 211.1 and 

ACI 318.However(1995)  presents this information in graphical form.



294 ACI 211.1 Recommended Slumps for various types of construction 

Concrete construction
Slump,mm(in)

Maximum* Minimum

Reinforced foundation walls and footings 75(3) 25(1)

Plain footings,caisons,and  substructure 
walls 75(3) 25(1)

Beams and reinforced walls 100(4) 25(1)

Building columns 100(4) 25(1)

Pavements and slabs 75(3) 25(1)

Mass concrete 75(3) 25(1)

* May be increased 25mm(1in.) for consolidation by hand methods, such as rodding and spading..   
Plasticizers can safely provide higher slumps.  Adapted from ACI 211.1.

295 ACI 302  Minimum requirements of cementing materials for concrete used in flatwork

Nominal maximum size of aggregate,mm(in.) Cementing materials,kg/m3(lb/yd^3)*

37.5(1*1/2) 280(470)

25 310(520)

19(3/4) 320(540)

12.5(1/2) 350(590)

9.5(3/8) 360(610)

* Cementing materials quantities may need to be greater for severe exposure.For example, for deicer 
exposures, concrete should contain at least 335kg/m3(564yd3) of cementing materials.  Adapted from 

ACI 302.



296 ACI 318  Cementitious materials requirements for concrete exposed to deicing chemicals

Cementitious materials * Maximum percent of total cementitious materials 
by mass**

Fly ash and natural pozzolans 25

Slag 50

Silica fume 10

Total of fly ash,slag,silica fume and natural 
pozzolans

50&

Total of natural pozzolans and silica fume 35&

*  Includes portion of supplementary cementing materials in blended cements.
** Total cementitious materials include the summation of Portland cements, blended cements, fly 

ash,slag,silica fume and other pozzolans.
& Silica fume should not constitute more than 10% of total cementitious materials and fly ash or other 
pozzolans shall not constitute more than 25% of cementitious materials.         Adapted from ACI 318

297 ASTM C 1218 ACI 318  Maximum chloride-ion(Cl-) in concrete,percent by mass of cement*

Type of member Maximum water-soluble chloride ion(CL-) in 
concrete,percent by mass of cement*

Prestressed concrete 0.06

Reinforced concrete exposed to chloride in service 0.15

Reinforced concrete that will be dry or protected 
from moisture in service

1

Other reinforced concrete construction 0.3

ASTM C 1218



Adapted from ACI 318

298 ACI 318  Modification Factor for standard deviation when less than 30 tests are available 298 ACI 318  Modification Factor for standard 
deviation when less than 30 tests are available

Number of tests* Modification Factor for standard deviation** Eq.9-1 f'cr=f'c+1.34*S (f'c<35MPa) (f'c>35MPa)
Eq.9-2 f'cr=f'c+2.33*S-3.45(Mpa) (f'c<35MPa)

Less than 15 Use table 299 Eq.9-2 f'cr=f'c+2.33*S-500(psi) (f'c<35MPa) (f'c>35MPa)
Eq.9-3 f'cr=0.9*f'c+2.33*S (f'c>35MPa)

15 1.16 f'cr=required average compressive strength of 
concrete used as the basis for selection of 20 1.08 f'c=specified compressive strength of 
concrete,Mpa(psi)25 1.03 S=standard deviation,MPa(psi)

30 or more 1

* Interpolate for intermediate numbers of tests.
**Modification Factor for standard deviation to be used to determine required average strength ,f'cr.         

Adapted from ACI 318

299 ACI 318 (Metric)  Required average compressive strength when data are not available to establish 

Specified compressive strength,f'c,MPa Required average compressive strength,f'cr,MPa

Less than 21 f'c+7.0

21 to 35 f'c+8.5

Over 35 1.10f'c+5

        Adapted from ACI 318

300 ACI 318  (Inch-Pound Units).Required average compressive strength when data are not available 
to establish a standard deviation

Specified compressive strength,f'c,psi Required average compressive strength,f'cr,psi

Less than 3000 f'c+1000

3000 to 5000 f'c+1200

Over 5000 1.10f'c+700

        Adapted from ACI 318



301 Density of water versus temperature

Temperature,degree Density,kg/m3

16 998.93
18 998.58
20 998.19
22 997.75
24 997.27
26 996.75
28 996.2
30 995.61

302 Mixture proportioning
1 Absolute volume method Metric)
Conditions and specifications

Structure Pavement
Weather Severe freeze-thaw 
Specified compressive strength f'c 35MPa 28days
Slump 25mm-75mm
Nominal maximum size aggregate 25mm

Cement Type GU(ASTM C 1157)
Relative Density 3.0 

Coarse Aggregate Well graded,25mm nominal maximum-size rounded gravel(ASTM C 33 or AASHTO M80)
Saturated Surface Specific Gravity 2.68
Absorption of 0.5%(Moisture content at SSD condition)
Bulk density (Unit Weight) of 1600 kg/m3 .
Moisture Content 2%

Fine Aggregate
Natural Sand(ASTM C 33 or AASHTO M6)
Saturated Surface Specific Gravity 2.64
Absorption of 0.7%(Moisture content at SSD condition)
Moisture Content 6%
Fineness Modulus 2.8

Air-entrained admixture
ASTM C 260 or AASHTO M154

Water-reducer
ASTM C 494(AASHTO M 194)
reducing water by 10% when used at a dosage rate of 3g per kg of cement



Strength Design strength 35MPa
Required strength f'cr f'c+8.5=35+8.5=43.5Mpa

299 ACI 318  Required average compressive strength when data are not available to establish a 

Specified compressive strength,f'c,MPa Required average compressive strength,f'cr,MPa

Less than 21 f'c+7.0

21 to 35 f'c+8.5

Over 35 1.10f'c+5

        Adapted from ACI 318
Water cement ratio

Weather Freezing and thawing
288 ACI 318 W/C and Compressive Strength
Maximum Water-Cementitious Material Ratios and Minimum Design Strengths for Various Exposure Conditions

Exposure Condition Maximum Water-Cementitious Material 
Ratios by Mass Concrete

Minimum Design Compressive Strength 
f'c,Mpa(psi)

Concrete Protected from Exposure to 
Freezing and Thawing,Applicationof  
Deicing Chemicals, or Aggressive 

Substances

Select Water-Cementitious Material 
Ratio on Basis of 

Strength,Workability,and  Finishing 
Needs.

Select Strength Based on Structural 
Requirements

Concrete intended to have low 
permeability when exposed to water. 0.5 28(4000)

Concrete exposed to freezing and 
thawing in a moist condition or deicers 0.45 31(4500)

For corrosion protection for reinforced 
concrete exposed to chlorides from 
deicing salts, salt water, brackish 

water,seawater,or  spray from these 
sources.

0.4 35(5000)

Adapted from ACI 318
Required strength f'cr f'c+8.5=35+8.5=43.5Mpa
W/C=0.34-((43.5-40)/(45-40))*(0.34-0.3)=0.31 Adapt Lower w/C W/C=0.31
W/C=0.31



290 ACI 211.1 and ACI 211.3 Relationship(Metric)  between water cement ratio and compressive strength of concrete  

Compressive Strength at 28 
days,Mpa

Water-cementitious materials ratio by mass

Non-air-entrained concrete Air-entrained concrete

45 0.38 0.3

40 0.42 0.34

35 0.47 0.39

30 0.54 0.45

25 0.61 0.52

20 0.69 0.6

15 0.79 0.7

Strength is based on cylinders moist-cured 28 days in accordance with ASTM C31(AASHTO T 23).Relationship assumes 
nominal maximum size aggregate of about 19 to 25 mm. Adapted from ACI 211.1 and ACI 211.3 



Air Content
Severe freeze thaw exposure
Target air content 5-8% Adapt 8% within +-0.5% percentage
Maximum size of aggregate 25mm

292 ACI 211.1 and ACI 318(Metric)  Approximate Mixing Water and Target Air Content 
Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate

Slump(mm) Water,kilograms per cubic meter of concrete,for indicated sizes of aggregate*
9.5 12.5 19 25 37.5 50** 75** 150**

Non-Air-entrained concrete
25-50 207 199 190 179 166 154 130 113

75-100 228 216 205 193 181 169 145 124
150-175 243 228 216 202 190 178 160 -

Approximate 
amount of 

entrapped air in 
non-air-entrained 
concrete ,percent

3 2.5 2 1.5 1 0.5 0.3 0.2

Air-entrained concrete
25-50 181 175 168 160 150 142 122 107

75-100 202 193 184 175 165 157 133 119
150-175 216 205 197 184 174 166 154 -

Recommended 
average total air 

content,percent,for  
level of 

exposure(&)

Mild exposure 4.5 4 3.5 3 2.5 2 1.5 1

Moderate Exposure 6 5.5 5 4.5 4.5 4 3.5 3

Severe exposure 7.5 7 6 6 5.5 5 4.5 4

* These quantities of mixing water are for use in computing cementitious material contents for trial 
batches. They are maximums for reasonably well-shaped angular coarse aggregates graded within 

limits of accepted specifications.
 ** The slump values for concrete containing aggregates larger than 37.5mm are based on slump tests 

made after removal of particles larger than 37.5mm by wet screening.
(&) The air content in job specifications should be specified to be delivered within -1 to  +2 percentage 
points of the table target value for moderated and severe exposures.     Adapted from ACI 211.1 and 

ACI 318.However(1995)  presents this information in graphical form.



Slump
Slump is specified at 25mm to 75mm
Use 75mm+-20mm

Water content
75mm-Slump
25mm Maximum size of Aggregate
Water content 175kg/m3 (175-25kg/m3)=150kg/m3 due to round gravel
Water Reducer reduce 10% (150-15kg/m3)=135kg/m3

Cement Content greater than 310kg/m3
W/C=0.31 W=135kg/m3 C=435kg/m3

295 ACI 302  Minimum requirements of cementing materials for concrete used in flatwork

Nominal maximum size of aggregate,mm(in.) Cementing materials,kg/m3(lb/yd^3)*

37.5(1*1/2) 280(470)

25 310(520)

19(3/4) 320(540)

12.5(1/2) 350(590)

9.5(3/8) 360(610)

* Cementing materials quantities may need to be greater for severe exposure.For example, for deicer 
exposures, concrete should contain at least 335kg/m3(564yd3) of cementing materials.  Adapted from 

ACI 302.



Coarse Aggregate Content
Bulk volume of coarse aggregate 
Maximum size coarse aggregate 25mm
Sand :Fineness Modulus 2.8
Bulk density 0.67
Bulk density 1600kg/m3
Ovendry mass of coarse aggregate =1600*0.67=1072kg
291 ACI 211 Bulk Volume of Coarse Aggregate per Unit Volume of Concrete

Maximum Size of 
Coarse Aggregate

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

10 0.5 0.48 0.46 0.44

12.5 0.59 0.57 0.55 0.53

20 0.66 0.64 0.62 0.6

25 0.71 0.69 0.67 0.65

40 0.76 0.74 0.72 0.7

50 0.78 0.76 0.74 0.72

70 0.81 0.79 0.77 0.75

150 0.87 0.85 0.83 0.81

Bulk volume are based on aggregates in a dry-rodded condition described in ASTM C 29 (AASHTO T 
19).Adapted from ACI 211



Admixture content
Air content 8%
Dosage rate

Air entraining admixture 0.5g per kg of cement 0.5*435=218g/m3
Water reducer 3g per kg of cement 3*435=1305g/m3

Specified Mix Proportion
(1) W/C=31% W=135 C=135/(31*0.01)=435

(6)240*2.64=634
(3)=1600*0.67=1072kg

Specified Mix Proportion Saturated Surface-Dry State of Aggregate
Grade Gmax Slump air water 

cement ratio
sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Air entrained Water reducer Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

Mpa (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
43.5 25 7.5 8 31.0 435 135 634 1072 0.22 1.31 Weight 2278 

3 1 2.64 2.68 Specific Gravity

80 145 135 240 400 Volume 1000

(2)=435/3=145 (4)=1072/2.68=400
(5)=(1000-(80+145+135+400))=240

 To Field Mix Proportion from Specified Mix Proportion

Specified Mix Proportion

W(kg) C(kg) Sand(kg) Aggregat
e(kg)

135 435 634 1072 
Concrete Mix Proportion

Adjustment Moisture Content

specifiv 
gravity(%)

absorption
(%)

moisture 
content(%)

Water 
surface 

content(%)

Content(kg/
m3)

Correction(kg
/m3)

Corrected(kg
/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)
Water 135 -50 85

Fine Aggregate 2.64 0.7 6.0 5.3 634 34 668
Coarse Aggregate 2.68 0.5 2.0 1.5 1072 16 1088

Field Mix Proportion(1m3)

W(kg) C(kg) Sand(kg) Aggregat
e(kg)

85 435 668 1088 



(289) ACI 318 Requirements for Concrete Exposed to Sulfates in Soil or Water



(290) ACI 211.1 and ACI 211.3 Relationship between Water Cement Ratio and 
Compressive Strength of Concrete



(291) ACI 211 Bulk Volume of Coarse Aggregate per Unit Volume of Concrete



(292) ACI211.1 and ACI 318 (Metric) Approximate Mixing Water and Target Air Content 
Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate



(293) ACI211.1 and ACI 318 (Inch-Pound Units) Approximate Mixing Water and Target Air Content Requirements for Different 
Slumps and Nominal Maximum Sizes of Aggregate



(294) ACI 211.Recomended Slumps for Various Types of Construction



(295) ACI 302 Minimum Requirements of Cementing Materials for Concrete Used in Flatwork



(296) ACI 318 Cementitious Materials Requirements for Concrete Exposed to Deicing Chemicals



(297) ACI 318 Maximum Chloride-Ion Content for Corrosion Protection



(298) ACI 318 Modification Factor for Standard Deviation when less than 30 Tests are Available 



(299) ACI 318 (Metric) Required Average Compressive Strength when Data are not Available to Establish a Standard Maximum 
Factor for Standard Deviation 



(300) ACI 318 (Inch-Pound Units) Required Average Compressive Strength when Data are not Available to Establish a Standard 
Maximum Factor for Standard Deviation 



(301) Density of Water Versus Temperature 
301 Density of water versus temperature

Temperature,degree Density,kg/m3

16 998.93

18 998.58

20 998.19

22 997.75

24 997.27

26 996.75

28 996.2

30 995.61



(302)  ACI 211.1 Mix Proportion (1)



(303)  ACI 211.1 Mix Proportion (2)



(304)  ACI 211.1 Mix Proportion (3)



(305)  ACI 211.1 Mix Proportion (4)



(306)  ACI 211.1 Mix Proportion (5)



(307)  ACI 211.1 Mix Proportion (6)



(308)  ACI 211.1 Mix Proportion (7)



(309)  ACI 211.1 Mix Proportion (8)

309



(310)  ACI 211.1 Mix Proportion (9)



(311) ACI 211.1 Table A1.1-Conversion Factors In-lb to SI Units



311 ACI 211.1 Table A1.1-Conversion Factors, in.-lb to SI Units*

Quantity in-lb unit SI+    unit
Conversion 

factor(Ratio:in.l

Length inch(in.) millimeter(mm) 25.4

Volume
cubic foot(ft^3) cubic meter(m^3) 0.02832

cubic yard(yd^3) cubic meter(m^3) 0.7646

Mass pound(lb) kilogram(kg) 0.4536

Stress
pounds per square 

inch (psi)
megapascal(MPa) 6.895*10^-2

Density

pounds per cubic 
foot (lb/ft^3)

kilograms per 
cubic meter 

16.02

pounds per cubic 

yard (lb/yd^3)

kilograms per 

cubic meter 
0.5933

Temperature
degrees   

Fahrenheit (F) 
degrees    Celsius -C **

*Gives names(and abbreviations) of measurement units in the inch-pound 
system as used in the body of this report and in the SI(metric) system, 

along with multipliers for converting the former to the latter. From 
ASTM E 380.         *Systeme International  d'Unites          **C=(F-

  312 ACI 211.1 Table A1.5.3.1-Recommended Slumps for Various Types of Construction(SI)

Types of construction
Slump,mm(in)

Maximum* Minimum

Reinforced foundation walls and 
footings

75(3) 25(1)

Plain footings,caisons,and 
substructure walls

75(3) 25(1)

Beams and reinforced walls 100(4) 25(1)

Building columns 100(4) 25(1)

Pavements and slabs 75(3) 25(1)

Mass concrete 75(3) 25(1)

*May be increased 1 in.for methods of consolidation other than vibration.



313 ACI 211.1 Table A1.5.3.3(Metric)  Approximate Mixing Water and Target Air Content 
Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate(SI)

Slump(mm)
Water,kilograms per cubic meter of concrete,for indicated sizes of aggregate*

9.5 12.5 19 25 37.5 50** 75** 150**
Non-Air-entrained concrete

25-50 207 199 190 179 166 154 130 113
75-100 228 216 205 193 181 169 145 124
150-175 243 228 216 202 190 178 160 -

Approximate 
amount of 

entrapped air in 
non-air-entrained 
concrete ,percent

3 2.5 2 1.5 1 0.5 0.3 0.2

Air-entrained concrete
25-50 181 175 168 160 150 142 122 107
75-100 202 193 184 175 165 157 133 119
150-175 216 205 197 184 174 166 154 -

Recommended 

average total air 
content,percent,f

or level of 

exposure(&)

Mild exposure 4.5 4 3.5 3 2.5 2 1.5 1

Moderate Exposure 6 5.5 5 4.5 4.5 4 3.5 3

Severe exposure 7.5 7 6 6 5.5 5 4.5 4

* These quantities of mixing water are for use in computing cementitious material 
contents for trial batches. They are maximums for reasonably well-shaped angular coarse 

aggregates graded within limits of accepted specifications.
 ** The slump values for concrete containing aggregates larger than 37.5mm are based on 

slump tests made after removal of particles larger than 37.5mm by wet screening.
(&) The air content in job specifications should be specified to be delivered within -1 

to  +2 percentage points of the table target value for moderated and severe exposures.     
Adapted from ACI 211.1 and ACI 318.However(1995) presents this information in graphical 

form.



314 ACI 211.1 Table A1.5.3.4(a). Relationship(Metric) between water cement ratio and compressive strength 
of concrete (SI ) 

Compressive Strength at 28 

days,Mpa

Water-cementitious materials ratio by mass

Non-air-entrained concrete Air-entrained concrete

45 0.38 0.3

40 0.42 0.34

35 0.47 0.39

30 0.54 0.45

25 0.61 0.52

20 0.69 0.6

15 0.79 0.7

Strength is based on cylinders moist-cured 28 days in accordance with ASTM C31(AASHTO T 23).Relationship 
assumes nominal maximum size aggregate of about 19 to 25 mm. Adapted from ACI 211.1 and ACI 211.3 

315-Table A1.5.3.4(b) -Relationship between water-cement ratio and compressive 
strength of concrete (SI )

Type of Structure
Wet Condition or Freezing 

and Thawing Action
Sea Water or Sodium 
Sulfate Chloride

Thin 

Sections(railings,curbs,si
lls,ledges,omamental work 
) and exposed to freezing 

and thawing+

0.45 0.4++

All other structures 0.5 0.45++

* Based on ACI 201.2R.       * Concrete should also be air-entrained.     ++  If 
sulfate resisting cement (Type II or Type V of ASTM C 150) is used, permissible 

water-cement ratio may be increased by 0.05. 



  316  ACI 211.1  Table A1.5.3.6- Volume of coarse aggregate per unit of volume of 
concrete (SI)

Maximum Size of 
Coarse Aggregate

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

9.5 0.5 0.48 0.46 0.44

12.5 0.59 0.57 0.55 0.53

19 0.66 0.64 0.62 0.6

25 0.71 0.69 0.67 0.65

37.5 0.75 0.73 0.71 0.69

50 0.78 0.76 0.74 0.72

75 0.82 0.8 0.78 0.76

150 0.87 0.85 0.83 0.81

Volume are based on aggregates in a dry-rodded condition described in ASTM C 29 (AASHTO T 

19).Adapted from ACI 211

317 ACI 211.1 Table A1.5.3.7.1  -First estimate of 
mass of fresh concrete (SI)

Aggregate Maximum 
Dimension(mm)

Fresh Concrete AE Concrete

9.5 2285 2200
12.5 2310 2230
19 2345 2275
25 2380 2290

37.5 2410 2350
50 2445 2345
75 2490 2405
150 2530 2435

318 ACI 211.1 Mix Proportion 
A2.1 Example 1 Required Average Strength 24 Mpa

Slump 75 to 100mm
Maximum Size of Coarse Aggregate 37.5mm

Dry-rodded mass of coarse aggregate 1600 kg/m3
Cement Type Type I

Cement Specific Gravity 3.15
Bulk Specific Gravity of Coarse Aggregate 2.68

Absorption of Coarse Aggregate 0.50%
Bulk Specific Gravity of Fine Aggregate 2.64

Absorption of Fine Aggregate 0.70%
Fineness Modulus of Fine Aggregate 2.8

A2.2
A2.2.1 Step-1 Slump 75 to 100mm
A2.2.2 Step-2 Maximum Size of Coarse Aggregate 37.5mm
A2.2.3 Step-3 Non-air-entrained concrete



(313) Table-A1.5.3.3
Water Content 181kg/m3

313 ACI 211.1 Table A1.5.3.3(Metric)  Approximate Mixing Water and Target Air Content 
Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate(SI)

Slump(mm)
Water,kilograms per cubic meter of concrete,for indicated sizes of aggregate*

9.5 12.5 19 25 37.5 50** 75** 150**
Non-Air-entrained concrete

25-50 207 199 190 179 166 154 130 113
75-100 228 216 205 193 181 169 145 124
150-175 243 228 216 202 190 178 160 -

Approximate 

amount of 
entrapped air in 
non-air-entrained 

concrete ,percent

3 2.5 2 1.5 1 0.5 0.3 0.2

Air-entrained concrete
25-50 181 175 168 160 150 142 122 107
75-100 202 193 184 175 165 157 133 119
150-175 216 205 197 184 174 166 154 -

Recommended 

average total air 
content,percent,f

or level of 

exposure(&)

Mild exposure 4.5 4 3.5 3 2.5 2 1.5 1

Moderate Exposure 6 5.5 5 4.5 4.5 4 3.5 3

Severe exposure 7.5 7 6 6 5.5 5 4.5 4

* These quantities of mixing water are for use in computing cementitious material 

contents for trial batches. They are maximums for reasonably well-shaped angular coarse 
aggregates graded within limits of accepted specifications.

 ** The slump values for concrete containing aggregates larger than 37.5mm are based on 

slump tests made after removal of particles larger than 37.5mm by wet screening.
(&) The air content in job specifications should be specified to be delivered within -1 
to  +2 percentage points of the table target value for moderated and severe exposures.     

Adapted from ACI 211.1 and ACI 318.However(1995) presents this information in graphical 
form.



A2.2.4 Step-4 Water-Cement Ratio
(314) Table A1.5.3.4(a) 24MPa

Required Average Strength 24 Mpa
W/C=0.69-((0.69-0.61)/(25-20))*(24-20)=0.62 W/C=0.62

314 ACI 211.1 Table A1.5.3.4(a). Relationship(Metric) between water cement ratio and compressive strength 

Compressive Strength at 28 
days,Mpa

Water-cementitious materials ratio by mass

Non-air-entrained concrete Air-entrained concrete

45 0.38 0.3

40 0.42 0.34

35 0.47 0.39

30 0.54 0.45

25 0.61 0.52

20 0.69 0.6

15 0.79 0.7

Strength is based on cylinders moist-cured 28 days in accordance with ASTM C31(AASHTO T 23).Relationship 
assumes nominal maximum size aggregate of about 19 to 25 mm. Adapted from ACI 211.1 and ACI 211.3 

A2.2.5 Step-5 Required Cement Content W=181kg/m3 W/C=0.62
C=181/0.62=292kg/m3

A2.2.6 Step-6 Quantity of Aggregate
(316) Table A1.5.3.6 Fineness Modulus 2.8
Required Dry Mass =0.71*1600=1136kg

316  ACI 211.1  Table A1.5.3.6- Volume of coarse aggregate per unit of volume of concrete 
(SI)

Maximum Size of 
Coarse Aggregate

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

9.5 0.5 0.48 0.46 0.44

12.5 0.59 0.57 0.55 0.53

19 0.66 0.64 0.62 0.6

25 0.71 0.69 0.67 0.65

37.5 0.75 0.73 0.71 0.69

50 0.78 0.76 0.74 0.72

75 0.82 0.8 0.78 0.76

150 0.87 0.85 0.83 0.81

Volume are based on aggregates in a dry-rodded condition described in ASTM C 29 (AASHTO T 

19).Adapted from ACI 211



A2.2.7 Step-7 Mass or Absolute Volume
A2.2.7.1 Mass basis (317) Table A1.5.3.7.1

317 ACI 211.1 Table A1.5.3.7.1  -First estimate of 
mass of fresh concrete (SI)First estimate of mass of Fresh concrete

2410kg Aggregate Maximum 

Dimension(mm)
Fresh Concrete AE Concrete

Water 181 kg 9.5 2285 2200
Cement 292 kg 12.5 2310 2230
Coarse Aggregate 1136 kg 19 2345 2275
Total 1609 kg 25 2380 2290

37.5 2410 2350
Mass of fine aggregate 50 2445 2345
2410-1609=801kg 75 2490 2405

150 2530 2435
A2.2.7.2 Absolute Volume Basis
Specified Mix Proportion

(1) W/C=62% W=181 C=181/(62*0.01)=292

(6) 293*2.64=774
(3)=0.71*1600=1136kg

Specified Mix Proportion Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air
water 

cement 

ratio

sand 

percentage
Cement Water

Fine 

Aggregate
Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL)
air W/C s/a C W s CA(5~10mm) CA(10~20mm)

(% of 

weight of 

cement)

(% of 

weight of 

cement)

3d 7d 28d

Mpa (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 

24 37.5 7.5-10.0 1 62.0 292 181 774 1136 Weight

3.15 1 2.64 2.68 Specific Gravity

10 93 181 293 423 Volume 1000

(2)=392/3.15=93 (4)=1136/2.68=423
(5)=1000-(10+93+181+423)=293

A2.2.7.3 Step-8 Adjusted aggregate masses
Concrete Mix Proportion Field Condition
Adjustment Moisture Content  

Moisture 

Content(

Specified Mix Proportion
Saturated Surface-Dry State of Aggregate

W(kg) C(kg) Sand(kg)
Aggregat

e(kg)
Sand

Wet 

Conditio
6 

181 292 774 1136 Aggregat
e

Wet 
Conditio

2 

specifiv 

gravity(%)

absorption(

%)

moisture 

content(%)

Water 

surface 

content(%)

Content(kg/

m3)

Correction(

kg/m3)

Corrected(k

g/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)

Water 181 -58 123

Fine Aggregate 2.64 0.7 6.0 5.3 774 41 815

Coarse Aggregate 2.68 0.5 2.0 1.5 1136 17 1153

Field Mix Proportion(1m3)

W(kg) C(kg) Sand(kg)
Aggregat

e(kg)

123 292 815 1153 



318 ACI 211.1 Mix Proportion 
A2.1 Example 1 Required Average Strength 24 Mpa

Slump 75 to 100mm
Maximum Size of Coarse Aggregate 37.5mm

Dry-rodded mass of coarse aggregate 1600 kg/m3
Cement Type Type I

Cement Specific Gravity 3.15
Bulk Specific Gravity of Coarse Aggregate 2.68

Absorption of Coarse Aggregate 0.50%
Bulk Specific Gravity of Fine Aggregate 2.64

Absorption of Fine Aggregate 0.70%
Fineness Modulus of Fine Aggregate 2.8



(312) ACI 211.1 Table A1.5.3.1-Recommended Slumps for Various Types of Construction (SI)



(313) ACI211.1 Table A1.5.3.3 Approximate Mixing Water and Air Content requirements for Difficult Slumps and Nominal Maximum 
Sizes of Aggregates (SI)



(314) ACI 211.1 Table A1.5.3.4(a) Relationship between Water Cement Ratio and Compressive Strength 
of Concrete (SI)



(315) ACI 211.1 Table A1.5.3.4(b) Maximum Permissible Water-Cement Ratios for Concrete 
Severe Exposures (SI)



(316) ACI 211.1 Table A1.5.3.6 Volume of Coarse Aggregate per Unit of Volume of 



(317) ACI 211.1 Table A1.5.3.7.1 First Estimate of Mass of Fresh Concrete(SI)



(318) ACI 211.1 Mix Proportion (1)



(319) ACI 211.1 Mix Proportion (2)



(320) ACI 211.1 Mix Proportion (3)



(321) ACI 211.1 Mix Proportion (4)



(322) ACI 211.1 Mix Proportion (5)



(323) ACI 211.1 Mix Proportion (6)



(324) ACI 211.1 Mix Proportion (7)



(325) Concreting

( 3 2 5  ) C o n cre tin g

( 1  ) T ra n s p o rtin g

( 2  ) C o n cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g ( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm



(326) Transporting of Concrete

( 3 2 6  ) T ra n sp o rtin g  o f C on cre te

( 1  ) T ra n sp o rtin g

( 2  ) C o n cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in ish in g ( 6  )  C u rin g

( 7  )  Ta k in g  O u t F o rm

Tra n sp o rtin g  o f C on cre te
1  N o  S e g re g a tio n
2  N o  S lu m p  Lo ss
3  N o  A ir C o n te n t Lo ss
4  W ith in  9 0  M in u te 's  ( Te m p e ra tu re  O ve r 2 5  D e g re e  )
   W ith in  1 8 0  M in u te 's  ( Te m p e ra tu re  B e low  2 5  D e g re e  )
5  T ra n sp o rtin g  b y  D u m p  T ra ck ,S lu m p  2 . 5 cm  P a ve m e n t C on cre te



(327) Methods of Concrete Transporting

( 4  )  C o n cre te  P u m p

M e th o d s  o f C o n cre te  T ra n sp o rtin g  
1  A d ita to r M ix e r ( T ra n sp o rtin g  T im e  w ith in  1 . 5 -2 . 0  H o u rs  )
  B e fo re  U n lo a d in g ,H ig h  V e lo city  T u rn in g
  D u m p  T ra ck ( T ra n sp o rtin g  T im e  w ith in  1 . 0  H o u r )
2  C ra n e + B u cke t
  N o  S e g re g a tio n
3  B e lt C o n ve yo r
  C o ve r to  a vo id  E va p o ra tio n
4  C o n cre te  P u m p
   P la s tic a n d  W o rk a b le
5  C h u te
   

O b liq u e  C h u te

b e lo w  1 . 5 m

( 3  )  B e lt C o n ve yo r
  C o ve r to  a vo id  E va p o ra tio n

   

b e lo w  3 0  d e g re e

( 2  )  C ra n e + B u cke t
       N o  S e g re g a tio n

   

( 1 )  A d ita to r M ix e r ( T ra n s p o rtin g  T im e  w ith in  1 . 5 -2 . 0  H o u rs  )
        B e fo re  U n lo a d in g ,H ig h  V e lo city  T u rn in g
        D u m p  T ra ck ( T ra n sp o rtin g  T im e  w ith in  1 . 0  H o u r )
     

( 5  ) C o n cre tin g

( 3 2 7  ) M e th o d s  o f C o n cre te  T ra n sp o rtin g  



(328) Concrete Pump

P u m p a b ility  -o k

P u m p a b ility  -N o  G o o d

P la s tic

S h e a r
C o lla p se

N o n e  P la s tic
S e g re g a tio n

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p se

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

( 3 2 8  ) C o n cre te  P u m p

( a  )  S lu m p ,  8 -1 8 cm .
( b  )  M a x im u m  S iz e  o f C o a rs e  A g g re g a te  ,
            b e lo w  4 0 m m .

( c )  R e d u ce  P u m p in g  P ip e  B e n d  
         a s  m u ch  a s  p o s s ib le .
         H o riz o n ta l o r D o w n  D ire ctio n .
         

( d  )   B e fo re  P u m p in g  ,S e n d  M o rta r.
 
 

B e n d
C h o ck

A g g re g a te

S a g g in g



(329) Concreting

( 3 2 9  ) C o n cre tin g

( a  ) C h e ck  R e in fo rce m e n t a n d  F o rm
( b  ) K e e p  M e m b e rs  o f T ra n s p o rtin g ,C o n cre tin g ,C o m p a ctin g
       a n d  C u rin g .

( c  ) D ra in a g e

 

( c  ) D ra in a g e



(330) Attention of Concreting

( a  ) D is trib u te  C o n cre te  P ro p o e rly
( b  ) C o n cre tin g  C o n tin io u ly
( c ) C o n cre tin g  V e lo c ity  V e rtica ly
        1 . 0 -1 . 5 m /3 0  M in u te 's

( d  ) C o n cre tin g  O n e  La ye r
         b e lo w  4 0 cm

( e  ) H ig h  S tru ctu re ,U s e  V e rtica l C h u te
( f  ) T a k e  O u t B le e d in d  W a te r
( g  )  C o n cre tin g  T e m p e ra tu re
         C o ld  W e a th e r C o n cre te  , 5 -2 0  d e g re e
         H o t W e a th e r C o n cre te , b e lo w  3 0  d e g re e
         M a s s  C o n cre te  , Lo w  Te m p e ra tu re

( h  )  P ie r,W a ll, a n d  S la b
         S to p  C o n cre tin g  b e lo w  H a u n ch  

V e rtica l C h u te

O n e  La ye r b e lo w  4 0 cm
T w o  La ye r b e lo w  4 0 cm

b
e

lo
w

 4
0

c m
1 . 0 -1 . 5 m /3 0  M in u te 's

V ib ra to r

H a u n ch
S to p  C o n cre tin g

( fo r 1 -2  H o u rs  )

P u ll U p  S lo w ly

P ro p e r In te rva l

( 3 3 0  ) A tte n tio n  o f C o n cre tin g



(331) Compaction of Concrete

Ta ke  O u t B le e d in g  W a te r

V e rtica lly

R e p e a t V ib ra to r
R e d u ce  V o id s  in  C o n cre te

( 3 3 1  ) C o m p a ctio n  o f C o n cre te

O n e  La ye r b e low  4 0 cm
Tw o  La ye r b e low  4 0 cm

be
lo

w
 4

0 c
m

V ib ra to r

P u ll U p  S low ly
V ib ra to r

   
 1

0 c
m

5 0 cm



(332) Joints of Concrete

( 3 3 2  ) Jo in ts  o f C o n cre te

1  T a ke  O u t La ita n ce ( C h ip p in g  )
2  A b so rb e d  W a te r

F o re  C o n cre te

N e w  C o n cre te
H o riz o n ta l Jo in t

F o re  C o n cre teN e w  C o n cre te

V e rtica l Jo in t

R e in fo rce m e n t

1  C h ip p in g
2  A b so rb e d  W a te r
3  R e in fo rce m e n t 

V ib ra to r
R e p e a t V ib ra tin g

1  Jo in ts  a re  s e tte d  a t S m a ll S h e a rin g  F o rce  

S la b  o r B e a m

S h e a rin g  D ia g ra m

B e n d in g  M o m e n t D ia g ra m

Lo a d

2   W a te r C e m e n t R a tio  o f M o rta l is  B e lo w  W /C  o f N e w  C o n cre te



(333) Concrete Surface Finishing

( 3 3 3  ) C o n cre te  S u rfa ce  F in is h in g

( 1  ) T ra n s p o rtin g

( 2  ) C o n cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  ) C o n cre te  S u rfa ce  F in is h in g

( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm
T ro w e l

E x p ire  S u rfa ce  C ra ck s

D u ra b ility
W a te r tig h tn e s s

T ro w e l
E x p ire  S u rfa ce  C ra ck s

T a m p in g  
w ith in  1  H o u r



(334) Concrete Curing

( 3 3 4  ) C o n cre te  C u rin g

( 1  ) T ra n sp o rtin g

( 2  ) C on cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  ) C on cre te  S u rfa ce  F in ish in g

( 6  )  C u rin g

( 7  )  Ta k in g  O u t F o rm
Tro w e l

E xp ire  S u rfa ce  C ra cks

D u ra b ility
W a te r tig h tn e ss

C on cre te  C u rin g
1  W e t C on d itio n
2  P ro te ct  from  S u n sh in e  ,W in d  a n d  R a in
3  K e e p  P ro p e r Te m p e ra tu re
4  P ro te ct  F rom  Im p a ct 

C u rin g  D a y
1  N o rm a l P o rtla n d  C e m e n t                 5  d a ys
2  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t      3  d a ys
3  C o ld  W e a th e r C o n cre te                    O ve r 5  d e g re e
                                                           f'c= 5 0 kg f/cm 2
4  H o t W e a th e r C o n cre te                     2 4  h o u rs  ,W e t C o n d itio n , 5 d a ys
5  P a ve m e n t C o n cre te
   N o rm a l P o rtla n d  C e m e n t                1 4  d a ys
   H ig h  E a rly  S tre n g th  C e m e n t             7   d a ys
   M o d e ra te  H e a t P o rtla n d   C e m e n t   2 1  d a ys
6  D a m  C on cre te
   N o rm a l,M o d e ra te  P o rtla n d  C e m e n t     1 4  d a ys
   B le n d e d  C e m e n t                             2 1  d a ys1 1

( 3 7  ) H a rd e n e d  C on cre te    C u rin g

A g e  a t te s t, d a ys

C
om

pr
es

si
ve

 S
tr

en
gt

h 
 M

pa M o is t-cu re d  e n tire  tim e

in  a ir a fte r 2 8  d a ys  m o is t cu rin g

C on cre te  s tre n g th  in cre a se  w ith  a g e s  
a s  lo n g  a s  m o is tu re  a n d  a  fa vo ra b le  te m p e ra tu re

C a u se s
1  S u n sh in e -
2  F re e z in g
3  Lo a d in g
4  V ib ra tio n  a n d
         Im p a ctio n

C u rin g  M e th o d
1  W a te r S p ra y
2  S e a t C u rin g
 ( A vo id  S u n sh in e
    ,C o ld  W in d  a n d  
    W in d  )

R e m a rks
C u rin g  D a y
2 -3  D a ys

N o rm a l

 F re e z in g

In itia l C u rin g
S tre n g th :
     3 5 -5 0 kg /cm 2

C o ld

 D ryH o t
 1  W e t C u rin g
 2  S e a t C u rin g
    :M e m b ra n e  
      C u rin g

 K e e p  W e t C u rin g



(335) Taking off Forms

 F o u n d a tio n ,F o o tin g
3 5 k g f/cm 2

 S la b
1 4 0 k g f/cm 2

 W a ll, P ie r
5 0 k g f/cm 2

 ( 1  )
 ( 2  )

( 3 3 5  ) T a k in g  o ff F o rm s



(336) Cold Weather Concrete

a  M a te ria l 
1   C e m e n t:N o rm a l o r H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
                   N o t p ro p e r B la s t-fu rn a n ce  S la g  C e m e n t a n d  F ly-A sh  C e m e n t
2   A g g re g a te :
3   A d m ix tu re :  A E  A g e n t,A E  W a te r R e d u cin g  A g e n t
4   N o t H e a t C e m e n t

b  M ix  P ro p o rtio n
1  A E  C o n cre te
2  U n it W a te r:M in im u m  W a te r C o n te n t w ith in  R e q u ire d  W o rk a b ility

c T ra n s p o rta tio n .C o n cre tin g
1  A vo id  W in d
2  C o n cre tin g  T e m p e ra tu re  5 -2 0  d e g re e
3  C o n cre tin g :T a k in g  o u t S n o w  o r Ice
4  Jo in t:W a rm  F o re  C o n cre te

d  C u rin g
1  C u rin g  u n til R e q u ire d  S tre n g th
2  C o n cre te  C u rin g  T e m p e ra tu re : 5  d e g re e
3  A vo id  D ry  

( 3 3 6  ) C o ld  W e a th e r C o n cre te

A ve ra g e  T e m p e ra tu re  4  d e g re e



(337) Hot Weather Concrete
( 3 3 7  ) H o t W e a th e r C o n cre te

O ve r A ve ra g e  Te m p e ra tu re  2 5  d e g re e

a  M a te ria l 
1   A g g re g a te :P ro te ct fro m  S u n sh in e ,S p re a d  W a te r
2   A d m ix tu re
3  U n it W a te r a n d  U n it C e m e n t W a te r C o n te n t w ith in  R e q u ire d  W o rka b ility
4  C o o lin g :A g g re g a te :  2  d e g re e
                W a te r Te m p e ra tu re : 4  d e g re e
                C e m e n t: 8  d e g re e
b  E xcu tio n
1  T ra n sp o rta tio n :N o t S lu m p  Lo ss
2  F o rm s   R e in fo rce m e n t:S p re a d  W a te r
3  C o n cre tin g  T im e  :  1 -1 . 5  h o u rs  fro m  M ix in g
4  C o n cre tin g  Te m p e ra tu re : b e lo w  3 5  d e g re e
5  C o ld  Jo in t: E a rly  S e ttin g  T im e
                    M a s s  C o n cre te :R e ta rd e r
6  C u rin g :A vo id  S u n sh in e ,P ro te ct C o n cre te  fro m  W in d
              2 4  h o u rs  W e t C u rin g
              5  d a ys  C u rin g
 

D o w n  C o n cre te  Te m p e ra tu re  1  d e g re e



(338) Mass Concrete

( 3 3 8  ) M a s s  C o n cre te

F o u n d a tio n
C e m e n t C ra ck s

1  C o n tro llin g  o f T e m p e ra tu re  C ra ck s
  1  R e in fo rce m e n t 
  2  C ra ck  Jo in t
  3  P re -C o o lin g
  4  P ip e -C o o lin g  

2  C o n cre te  M ix in g
     M in im u m  C e m e n t C o n te n t W ith in  R e q u ire d  W o rk a b ility
     a n d  D e s ig n e d  C o m p re s s ive  S tre n g th
     R e d u ce  H yd ra tio n  H e a t
    1  C e m e n t H e a t P o rtla n d  C e m e n t
                     B la s t C e m e n t 
                     S ilica  C e m e n t
                     F ly a s h  C e m e n t  
    2  D e s ig n e d  C o m p re s s ive  S tre n g th  9 1  d a ys



(339) Concrete under Water

C o n cre te

T re m ie

C o n cre te

C o n cre te  P u m p

( 3 3 9  ) C o n cre te  u n d e r W a te r

1  6 0 %  C o m p re s s ive  S tre n g th  
2  N o t F it fo r D a m  C o n cre te  a n d  R e in fo rce d  C o n cre te

M e th o d s
1  T re m ie  
2  C o n cre te  P u m p
3  V e lo c ity  o f F lo w  :  3 m /m in u te



(340) Prepacked Concrete

( 3 4 0  ) P re p a cke d  C o n cre te

C o n cre te  P u m p
F lu id iz e d  M o rta r

A g g re g a te



(341) Fluidized Concrete

( 3 4 1  ) F lu id iz e d  C o n cre te

( 1  )  S u p e r  P la s tic iz e r
         S ta n d a rd  Typ e  a n d  R e ta rd e r Typ e

( 2  )  M ix  P ro p o rtio n
         B a se  C o n cre te + S u p e r P la s tic iz e r
         B a se  C o n cre te :A E  C o n cre te

( 3  )  S lu m p  
         1   b e lo w  1 8 cm
         2   in cre a se  in  1 0 cm  b y  S u p e r P la s tic iz e r
         3  B a se  C o n cre te  S lu m p :o ve r 5 -6  cm
            F u id iz e d  C o n cre te  S lu m p :8 -1 2  cm

( 4  )  M ix  P ro p o rtio n
         1  S u p e r P la s tic iz e r ( A d d itive  C o n te n t )
            b e lo w  0 . 5 %  o f C e m e n t
            Ig n o re  V o lu m e  o f  S u p e r P la s tic iz e r
         2  M ix  P ro p o rtio n  Ta b le       
            T yp e ,T ra n sp o rta tio n  T im e  a n d  P u m p

( 5  )  F lu id iz e d  C o n cre te
         1  A d d  S u p e r P la s tic iz e r to  B a se  C o n cre te  a t S ite
         2  A d d  S u p e r P la s tic iz e r to  B a se  C o n cre te  a t B a tch  P la n t
    



(342) Consistency-Water
( 3 4 2  ) C o n s is te n cy

S lu m p ( cm  ) - H ig h

S o ft H a rd

S lu m p ( cm  ) - Low

C on s is te n cy  -W o rka b ility

C on s is te n cy  -R e q u ire d  W a te r C o n te n t

A g g re g a te
R ou n d

W a te r-L ittle

A g g re g a te
M a x im u m  
S ize

W a te r-L ittle

E n tra in e d  
A ir

W a te r-L ittle

S lu m p  Te s t-( 5 -1 8 cm  )
C on cre te  o f D ry  C on s is te n cy-V .B .Te s t
C a u se s
1  W a te r C o n te n t 
   1 . 2 %  o f W a te r In cre a se -S lu m p  1  cm  in cre a se
2  A ir C o n te n t
   A ir C o n te n t 1  %  In cre a se -S lu m p  2 .5  cm  In cre a se
3  M a x im u m  S ize  o f A g g re g a te
   G  M a x  B ig g e r-W a te r C o n te n t a n d  C e m e n t C o n te n t D e cre a se
4  G ra d in g
5  S a n d  P e rce n ta g e  B ig g e r-S lu m p  S m a lle r
6  A E  A g e n t,A E  W a te r R e d u cin g  A g e n t-S p re a d  C e m e n t P a rtic le s
   E n tra in e d  A ir-B a ll B e a rin g  A ctio n
7  F ly  A sh  C e m e n t:B a ll B e a rin g  A ctio n
8  Te m p e ra tu te :C o n cre te  Te m p e rtu re  1 0  D e g re e  U p -S lu m p  2 -3  cm  S m a lle r
 

W a te r C o n te n t( k g /m 3 )

S
lu

m
p

 (
c
m

 )



(343) Segregation

( 3 4 3  ) S e g re g a tio n

N o t W o rka b le  
C o n cre te

 se g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

N o t P ro p e r M ix  P ro p o rtio n
1  T ra n sp o rta tio n
2  U n p ro p e r C o n s tru ctio n  ,O ve r C o m p a ctin g
   -S e g re g a tio n
3  B le e d in g -B o n d  S tre n g th  b e tw e e n  R e in fo rce m e n t a n d  F o rm s  -D e cre a se
   W a te rtig h tn e ss-D e cre a se
4  G  M a x-B ig g e r-S e g re g a tio n  In cre a se
5  A E  A g e n t,A E  W a te r R e d u cin g  A g e n t-R e ss is t S e g re g a tio n

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

 
P le n ty   W a te r

E d g e

 
( 2  )

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic



(344) Workability

A d m ix tu re

C o n cre te

C o n s is te n cy

R e s is tin g   
S e g re g a tio n

W o rka b le  
C o n cre te N o  se g re g a tio n

C o n cre tin g  a cco rd in g  to  C o n s is te n cy
N o  S e g re g a tio n

C e m e n t 
1  Typ e
2   F re sh
3  C o n te n t
4   N o  S e g re g a tio n

A g g re g a te
1  G ra d in g
2  S iz e  o f P a rtic le

W a te r
1   A d m ix tu re
2  Te m p e ra tu reC e m e n t

F in e  A g g re g a te

C oa rse  A g g re g a te

W a te r

       W o rka b le  C o n cre te  S h o u ld  F low
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a sy  C om p a ctin g

( 3 4 4  ) W o rka b ility



(345) Compressive Strength(1)

1 5 cm

3 0 cm
2 0 cm

S a m e  S tre n g th

1 5 cm

3 0 cm

1 5 cm

1 5 cm
1 5 cm

S tre n g th
1 0 0 %

S tre n g th
A b o u t 8 7 %

( 3 4 5  ) C o m p re s s ive  S tre n g th 

Te s t  P ie ce  ( C y lin d e  )

1 ( 1 5 cm )

2 ( 3 0 cm  )

H

U S A

( 1 5 cm )

( 1 5 cm )

( 1 5 cm )

E u ro p e

Te s t  P ie ce  ( C u b ic )

C o m p re s s ive  S tre n g th

1  C e m e n t

2  M a x im u m  S iz e  o f C o a rse  A g g re g a te

3  C ru sh e d  S to n e  o r R ive r S to n e

4  Typ e  o f A d m ix tu re

5  M ix  P ro p o rtio n

6  A ir C o n te n t

7  C u rin g  M e th o d

8  D ry  o r W e t

9  Te s t M e th o d ( Te s t P ie ce  o r Lo a d in g  V e lo city  )  

1 0 cm



(346) Compressive Strength(2)

T e s t  P ie ce  ( C y lin d e  )

1 ( 1 5 cm )

2 ( 3 0 cm  )

H

U S A

( 1 5 cm )

( 1 5 cm )

( 1 5 cm )

E u ro p e

T e s t  P ie ce  ( C u b ic )

C o m p re s s ive  S tre n g th

1  C e m e n t

2  M a x im u m  S iz e  o f C o a rs e  A g g re g a te

3  C ru s h e d  S to n e  o r R ive r S to n e

4  T yp e  o f A d m ix tu re

5  M ix  P ro p o rtio n

6  A ir C o n te n t

7  C u rin g  M e th o d

8  D ry  o r W e t

9  T e s t M e th o d ( T e s t P ie ce  o r Lo a d in g  V e lo c ity  )  

( 3 4 5  ) C o m p re s s ive  S tre n g th 



(347) Compressive Strength(3)

1 ( 1 5 cm )

( 1 5 cm )

( 1 5 cm )

( 1 5 cm )

2

1 0 0

1

1 2 0 -1 4 0

R a tio  b e tw e e n  H e ig h t a n d  D ia m e te r

fig -1  Te s t P ie ce  S h a p e  e ffe ct C om p re ss ive  S tre n g th
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fig -2  C e m e n t Typ e   e ffe ct C o m p re ss ive  S tre n g th

A g e s
C

o
m

p
re

s
s
iv

e
 S

tr
e

n
g

th

H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

N o rm a l  P o rtla n d  C e m e n t

F ly  A sh   C e m e n t

fig -3  M a x im u m  S ize  o f C o a rse  A g g re g a te

        e ffe ct  C om p re ss ive  S tre n g th

C
o

m
p
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s
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e
 S
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e

n
g

th

W /C = 0 .4

W /C = 0 .5 5

W /C = 0 .7 0

 M a x im u m  S ize  o f C o a rse  A g g re g a te

      

1 0 m m 8 0 m m

fig -4  W /C  a n d  S lu m p  a re  C on s ta n t

A ir C o n te n t ( %  )

C
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k
g

f/
c
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2
)

C om p re ss ive  S tre n g thU n it W a te r C o n te n t

5 % 2 0 %

fig -5  U n it C e m e n t a n d  S lu m p  a re  C on s ta n t

U n it C e m e n t C o n te n t ( k g /m 3  )

C
o

m
p

re
s

s
iv

e
 S
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e

n
g

th
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k
g

f/
c
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C om p re ss ive  S tre n g th

4 0 0 2 0 0

fig -6  C u rin g  Te m p e ra tu re  E ffe ct C om p re ss ive  S tre n g th

A g e s ( D a y)

C
o

m
p

re
s

s
iv

e
 S

tr
e

n
g

th
 (

k
g

f/
c
m

2
)

3 2 8

4 6  d e g re e

1 3  d e g re e

( 3 4 7  ) C om p re ss ive  S tre n g th ( 3  )



(348) Compressive Strength(4)

fig -7  B e g in n in g  T e m p e ra tu re  E ffe ct

 C o m p re s s ive  S tre n g th

A g e s ( D a y )
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4 6  d e g re e

1 3  d e g re e

 B e g in n in g  T e m p e ra tu re

fig -8  W e t o r D ry  e ffe ct

 C o m p re s s ive  S tre n g th

A g e s ( D a y )

C
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 S
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kg

f/
cm
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)

1 4 1 8 0

D ry  C u rin g

W e t C u rin g

fig -9  Lo a d in g  V e lo c ity  e ffe ct

 C o m p re s s ive  S tre n g th

Lo a d in g  V e lo c ity  ( k g f/cm 2 *se c)
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fig -1 0  T e n s ile  S tre n g th  a n d  
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C o m p re s s ive  S tre n g th  ( k g f/cm 2 )

2 0 0 5 0 0

2 0

4 0 0

fig -1 1  B o n d  S tre n g th  a n d  
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C o m p re s s ive  S tre n g th  ( k g f/cm 2 )

D e fo rrm e d  B a r

R o u n d  B a r

fig -1 2  W /C  a n d  W a te rtig h tn e s s
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G m a x  4 0 m m

0 . 4 0 . 7



(349) Water tightness
( 3 4 9  ) W a te r tig h tn e s s

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

W a te r L e a k a g e       1    M ix  P ro p o rtio n  D e s ig n  
                                 N o t P ro p e r

                            2   U n p ro p e rly  C o n s tru ctio n

1  W o rk a b le  C o n cre te
2  U n ifo rm ity
3   N o  S e g re g a tio n

T re a tm e n t

W a te r T a n k ,D a m
W /C  -B e lo w  5 5 %

C o n cre te  -H yd ra tio n
R e q u ire d
W /C
2 0 -2 5 %

W /C -S m a ll
S u ffic ie n t C o m p a ctio n
W e t C u rin g                              W a te r tig h tn e s s

Le a k a g e
1  N o t P ro p e r C o n cre tin g
2  P ro p e r M ix  P ro p o rtio n
   ( Im p o rta n t )
3  W /C  a n d  G M a x  e ffe ct  W a te rtig h tn e s s

fig -1 2  W /C  a n d  W a te rtig h tn e s s

P
e

rm
ia

b
ili

ty
  

C
o

e
ff

ic
ie

n
t(

ft
/s

e
c
)

W a te r C e m e n t R a tio ( %  )

G m a x  4 0 m m

0 . 4 0 . 7



(350) Durability

A b ra s io n
A b ra s io n

C a rb o n a tio n
C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

Lo s t A lk a li

C o n cre te

A lk a li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  T h a w in g  A ctio n --A E  C o n cre te
2  S e a  W a te r--------------------------F ly a s h  C e m e n t.B
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F ly a s h  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d ic in e

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t

S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  T h a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

( 3 5 0  ) D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice



(351) Alkali-Aggregate Reaction

( 3 5 1  ) A lk a li-A g g re g a te  R e a ctio n

F re e z in g
W e t
H e a t
C h e m ica l M e d icin e
Ice

A lka li-A g g re g a te  re a ctio n
      A lk a li C e m e n t
      C o n cre te 's  A lka li---S ilica  M in e ra l
                                R e a ct
S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  Th a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C a rb o n a tio n
C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

Lo s t A lka li

C o n cre te

A lka li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  Th a w in g  A ctio n --A E  C on cre te
2  S e a  W a te r--------------------------F lya sh  C e m e n t.
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F lya sh  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d icin e

C on cre te  E xp a n d

T re a tm e n t
1  U se  Low  A lka li C e m e n t
2  F lya sh  C e m e n t,B la s t F u rn a n ce  C e m e n t
   



(352) Air Content and Durability

( 3 5 2  ) A ir C o n te n t a n d  D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t
      C o n cre te 's  A lk a li---S ilica  M in e ra l
                                R e a ct
S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  T h a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C a rb o n a tio n
C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

Lo s t A lk a li

C o n cre te

A lk a li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  T h a w in g  A ctio n --A E  C o n cre te
2  S e a  W a te r--------------------------F lya sh  C e m e n t.
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F lya sh  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d ic in e

C o n cre te  E xp a n d

T re a tm e n t
1  U se  Lo w  A lk a li C e m e n t
2  F lya s h  C e m e n t,B la s t F u rn a n ce  C e m e n t
   A ir C o n te n t( %  )

D
u

ra
b

ili
ty

2 ( %  ) 5 ( %  )

D u ra b ility-B ig



(353) Chloride Content
( 3 5 3  )  C h lo rid e  C o n te n t

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t
      C o n cre te 's  A lk a li---S ilica  M in e ra l
                                R e a ct
S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  T h a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C a rb o n a tio n

C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

Lo s t A lk a li

C o n cre te

A lk a li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  T h a w in g  A ctio n --A E  C o n cre te
2  S e a  W a te r--------------------------F lya s h  C e m e n t.
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F lya s h  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d ic in e

C o n cre te  E x p a n d

T re a tm e n t
1  U se  Lo w  A lk a li C e m e n t
2  F lya s h  C e m e n t,B la s t F u rn a n ce  C e m e n t
   A ir C o n te n t( %  )

D
ur

ab
ili

ty

2 ( %  ) 5 ( %  )

D u ra b ility-B ig

R e in fo rce m e n t B a rC o n cre te
C h lo rid e  Io n

R u s t T re a tm e n t
1  U se  To ta l C h lo rid e  Io n  C o n te n t-Lo w
2  Lo w  S lu m p
  Lo w  W /C
3  P ro p e r C u rin g  a n d  P ro p e r C o m p a ctio n
4  P a in tin g  C o n cre te  S u rfa ce



(354) Slump of Concrete after using Superplastilizer

( 3 5 4  ) S lu m p  o f co n cre te  a fte r u s in g  S u p e rp la s tiliz e r

B a s ic C o n cre te
A E  C o n cre te
S lu m p  8 0 t-2 5 m m
A d m ix tu re  :A E  A g e n t

                             S u p e rp la s tic iz e r

S lu m p  1 8 0 + -2 5 m m
S u p e rp la s tic iz e d  C o n cre te



(355) Slump of Concrete after adding Water

( 3 5 5  ) S lu m p  o f co n cre te  a fte r a d d in g  W a te r

B a s ic C o n cre te
P la s tic
S lu m p  8 0 m m  o r 1 0 0 m m  

S h e a r
S e g re g a tio n

N o n e  P la s tic
S e g re g a tio n

 
P le n ty  W a te r



(356) C/W and Compressive Strength

( 3 5 6  ) C /W  a n d  C o m p re s s ive  S tre n g th

C /W ( 2 . 2 7 = 1 0 0
4 4 )

 C
o

m
p

re
s

s
iv

e
 S

tr
e

n
g

th

C /W ( 2 . 6 3 = 1 0 0
3 8 )  C /W ( 1 . 3 9 = 1 0 0

7 2 )  



(357) Concrete Test I
( 3 5 7  ) C o n cre te  T e s t I

a ) S a m p lin g  T e s t P ie ce s
     T ria l P ile -9  P ie ce s  
7 -3  P ie ce s
     

( 1  ) C o m p re s s iv e  S tre n g th   M 4 0  -( N /m m 2  )

( 2  ) S lu m p  

  S lu m p ( cm  ) A llo w a n ce  

 1 8   + -2 . 5

( 3  ) A ir C o n te n t 

  P ile   2 . 0  %

( 4  ) C o n cre te  T e m p e ra tu re  

  P ile  B e lo w  3 2  D e g re e

-3  P ie ce s
 -3  P ie ce s
 

-3  P ie ce s
 

b ) S a m p lin g  T e s t P ie ce s   ( P ro p o s a l )
     M a in  P ile -9  P ie ce s  ( B e fo re  
                      C o n cre te  S ta b ility  )      

  I f  C o m p re s s iv e  S tre n g th  > 6 0 %  o f D e s ig n e d  S tre n g th
 

-1  P ie ce
 

  I f  C o m p re s s iv e  S tre n g th  < 6 0 %  o f D e s ig n e d  S tre n g th
 

-2  P ie ce s
 

   I f C o m p re s s iv e  S tre n g th  > D e s ig n e d  S tre n g th
 

-1  P ie ce
   I f  C o m p re s s iv e  S tre n g th   < D e s ig n e d  S tre n g th

 5 6 -2  P ie ce s
 

7 -3  P ie ce s
 

(  S a m p lin g  o f C o n cre te   -  C o n cre te  V o lu m e  p e r 5 0 m 3  )

-3  P ie ce s
 -3  P ie ce s
 

7 -3  P ie ce s
     

7 -3  P ie ce s
     

c  ) S a m p lin g  T e s t P ie ce s   ( P ro p o s a l )
     M a in  P ile -6  P ie ce s  ( A fte r 
                      C o n cre te  S ta b ility  )      



(358) Concrete Test II

( 3 5 8  ) C on cre te  Te s t II

( 1  ) C om p re ss ive  S tre n g th   M 4 0  -( N /m m 2  )

( 2  ) S lu m p  

  S lu m p ( cm  ) A llow a n ce  

 1 8   + -2 .5

( 3  ) A ir C on te n t 

  2 . 0  %

( 4  ) C on cre te  Te m p e ra tu re  

 B e low  3 2  D e g re e

(  S a m p lin g  o f C on cre te   -  C o n cre te  V o lu m e  p e r 5 0 m 3  )

B a tch in g  P la n t

( a  ) S a m p lin g   1  p e r 1  P ile

( b  ) S lu m p  Te s t e ve ry  M ixe r T ru ck

( c ) S lu m p  Te s t a t B a tch in g  P la n t a n d  S ite

( d   ) U n lo a d in g  w ith in  6 0 -9 0  m in u te 's

S lu m p ( cm  ) - H ig h

S o ft H a rd

S lu m p ( cm  ) - Low

( e   ) H ig h  S lu m p -W a it    Low  S lu m p -A d d  A d m ix tu re
                                                  a t B a tch in g  P la n t o r S ite

P ro p o sa l



(359)(1) Slump of Concrete
( 1  ) S lu m p  o f co n cre te

A S T M  C  1 4 3
W o rk a b ility  s h a ll b e
m e a s u re d  b y  th e  s lu m p  te s t F irs t

7 cm 7 cm

S e co n d

9 cm

2 5  tim e s  S tro k e s

T h ird

S lu m p  C o n e

P u ll u p
3 0 cm  in  5 + -2  s e co n d s

S lu m p ( cm  )

S o ft H a rd

M e a s u re
S lu m p ( cm  )
C e n te r

( 0 . 5 cm  )

R e p o rt
1  D a y , te m p e ra tu re ,
   w e a th e r
2  N u m b e r
3  G m a x
4  C o n cre te  te m p e ra tu re
5  S lu m p

2 5  tim e s  S tro k e s2 5  tim e s  S tro k e s

T a m p in g  R o d  1 6 m m  D ia m e te r
6 0  cm  Le n g th



(360)(190) Slump of Concrete
( 1 9 0  ) S lu m p  o f co n cre te

A S TM  C  1 4 3
W o rk a b ility  s h a ll b e
m e a su re d  b y  th e  s lu m p  te s t F irs t

7 cm 7 cm

S e co n d

9 cm

2 5  tim e s  S tro k e s

Th ird

S lu m p  C o n e

P u ll u p
3 0 cm  in  5 + -2  s e co n d s

S lu m p ( cm  )

S o ft H a rd

M e a su re
S lu m p ( cm  )
C e n te r

( 0 . 5 cm  )

R e p o rt
1  D a y , te m p e ra tu re ,
   w e a th e r
2  N u m b e r
3  G m a x
4  C o n cre te  te m p e ra tu re
5  S lu m p

2 5  tim e s  S tro k e s2 5  tim e s  S tro k e s

Ta m p in g  R o d  1 6 m m  D ia m e te r
6 0  m m  Le n g th

C h e ck  C o n d itio n  o f S e g re g a tio n

Ta m p in g  R o d  



(361)(23)Fluidized Concrete

S lu m p
1 0 0 + -2 5

H ig h  R a n g e  W a te r   
R e d u cin g  A g e n t:
S u p e rp la s tiliz e r
C *(  x     ) %

S lu m p
1 8 0 + -2 5

S lu m p
7 5 + -2 5

B a se  C o n cre te P u m p in g  C o n cre te

A B C

A C I-3 0 4 R -3 6P u m p in g  C o n cre te

( 2 3  )  F lu id iz e d  C o n cre te



(362) Slump of Concrete

N o n e  P la s tic
S e g re g a tio n

A g g re g a te C e m e n tp a s te

S a g g in g

 
P le n ty   W a te r 

P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

N o  S h e a r
N o  C o lla p se

 P la s tic
N o  S e g re g a tio n

E d g e

A g e s ( D a y  )

C
o

m
p

re
ss

iv
e

 S
tr

e
n

g
th

 
( 1  )

 
( 2  )

 
( 3  )

 
( 4  )

 
( 1  ) 
( 2  )
 

( 3  )
 

( 4  )

G o o d B a d

E d g e

P la s tic

S a g g in g

E d g e

( 3 6 2  ) S lu m p  o f co n cre te  

P la s tic
S h e a r
C o lla p se



(363) Slump of Concrete (II)

( 3 6 3  ) S lu m p  o f co n cre te ( I I )  

P la s tic

S h e a r
C o lla p se

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

 
( 2  )

S a g g in g

E d g e

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

N o n e  P la s tic

P la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p se

 P la s tic
N o  S e g re g a tio n

E d g e

A g e s ( D a y  )

C
o

m
p

r e
s
s
i v

e
 S

t r
e

n
g

t h  
( 1  )

 
( 2  )

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r



(364)(382) Examples of Superplasticized Concrete(Base Concrete-AE Concrete)Case of Japan

No Purpose of Superplasticizer Design 
Strength

Slump(B
ase 

Concret
e)

Slump 
by 

Superpl
asticizer

sand 
percenta

ge
Water Cement

water 
cement 

ratio

Base 
Concret

e 
Admixtur

Superpla
sticizer Remarks

(SL) (SL) s/a W OPC W/C
(N/mm2) cm cm (%) (Kg/m3) (Kg/m3) (%) C*(  %)

Base 
concrete 

-AE 
Concret

e

1 W/c-decrease, workability-improve 21 12 22 49 179 320 56 AE Ajent Superplasti
cizer

2 Pumpability-Improve 23 19 23 50 191 398 48 AE Ajent Superplasti
cizer

3 Dry shrinkage, Cracks-Decrease 21 12 21 45 178 307 58 AE Ajent Superplasti
cizer

4 W/c-decrease, workability-improve 21 13 22 42 147 283 52 AE Ajent Superplasti
cizer

5 Dry shrinkage, Cracks-Decrease 21 12 21 45 156 285 55 AE Ajent Superplasti
cizer

6 Pumpability-Improve 30 8 16 40 153 340 45 AE Ajent Superplasti
cizer

7 Dry shrinkage, Cracks-Decrease 24 12 21 45 155 300 52 AE Ajent Superplasti
cizer

8 Dry shrinkage, Cracks-Decrease 21 12 18 47 160 276 58 AE Ajent Superplasti
cizer

9 Recovery Slump Loss 21 16 18 43 169 311 54 AE Ajent Superplasti
cizer

10 Workability-improve 21 15 18 46 174 348 50 AE Ajent Superplasti
cizer

11 Hyration Heat-Decrease,Protection Cracks 24 8 18 48 166 281 59 AE Ajent Superplasti
cizer

12 Bleeding-Decrease,Protect Cracks 21 12 21 47 168 307 55 AE Ajent Superplasti
cizer

13 Bleeding-Decrease,Protect Cracks 21 12 21 46 163 304 54 AE Ajent Superplasti
cizer

14 Protect Cracks 21 15 21 48 188 355 53 AE Ajent Superplasti
cizer

15 Bleeding-Decrease 26 15 21 44 172 380 45 AE Water Reducing AjentSuperplasti
cizer

16 Protect Cracks,Workability-Improve 21 12 21 44 162 304 53 AE Water Reducing AjentSuperplasti
cizer

17 Hyration Heat-Decrease,Protection Cracks 24 12 21 44 161 326 49 AE Ajent Superplasti
cizer

18 Protect Cracks,Workability-Improve 30 12 21 46 187 390 48 AE Water Reducing AjentSuperplasti
cizer

19 Protect Cracks,Workability-Improve 27 15 19 44 183 359 51 AE Water Reducing AjentSuperplasti
cizer

20 Protect Cracks,Workability-Improve 27 12 19 43 170 340 50 AE Water Reducing AjentSuperplasti
cizer

21 Pumpability-Improve,W-Decrease 21 18 21 52 178 349 51 AE Ajent Superplasti
cizer

22 Protect Cracks,Workability-Improve 23 15 21 45 166 335 50 AE Water Reducing AjentSuperplasti
cizer

23 Protect Cracks,Workability-Improve 27 12 20 46 180 328 55 AE Ajent Superplasti
cizer



(365)Superplasticizer  (Additive)

Slump
(cm)

+3 +6 +9 +12 +15 +18

Mixer Truck Volume(m
3) 0.10% 0.20% 0.30% 0.40% 0.50% 0.60%

6 2.8 5.6 8.5 11.3 14.1 16.9 (Unit:L)
5 2.4 4.7 7.1 9.4 11.8 14.1 
4 1.9 3.8 5.6 7.5 9.4 11.3 
3 1.4 2.8 4.2 5.6 7.1 8.5 
2 0.9 1.9 2.8 3.8 4.7 5.6 
1 0.5 0.9 1.4 1.9 2.4 2.8 

( 3 6 5  ) S u p e rp la s tic iz e r

B a tch in g  P la n t

S lu m p ( cm  ) - H ig h

S o ft H a rd

S lu m p ( cm  ) - Lo w

( e   ) H ig h  S lu m p -W a it    Lo w  S lu m p -A d d  A d m ix tu re
                                                  a t B a tch in g  P la n t o r S ite

P ro p o s a l

      S u p e rp la s tic iz e r



(366) Attention of Fresh Concrete

B a tch in g  P la n t

( 7  ) C h e ck  W a sh e d   W a te r 
          b e fo re  Lo a d in g

( 8  ) H ig h  S p e e d  M ix in g  
          b e fo re  U n lo a d in g

( 3 6 6  ) A tte n tio n  o f F re sh  C o n cre te
( 1  ) Q u a lity  Te s t

( 2  ) U n lo a d in g  C o n cre te  w ith in  1 . 5  H o u rs ,
       if o ve r 1 . 5  H o u rs ,C o n su lt w ith  E n g in e e r

( 3  ) R e m ix in g

( 4  ) M a in ta in  A cce ss  R o a d

( 5  ) C o n s id e r S lu m p  Lo ss  

( 6  ) C h e ck  A cce ss  R o a d  R o u te ,
        U n lo a d in g  P o s itio n  a n d  Lo a d in g  T im e



(367)(60)(82)  Slump
( 6 0  ) C o n s is te n cy

A S TM  C  1 4 3

S lu m p ( cm  ) - H ig h

S o ft H a rd

C o n s is te n cy  M e a su re d  b y  S lu m p

S lu m p ( cm  ) - Lo w

C o n s is te n cy  -W o rka b ility

( 8 2  ) A C I 2 1 1 . 1  M ix  P ro p o rtio n  S te p

( 9 -1  ) A d ju s tm e n t o f T ria l B a tch
           S lu m p -W a te r C o n te n t
S lu m p  1 cm  In cre a se  o r D e cre a se
W a te r  2 k g /m 3  p e r C o n cre te  V o lu m e  1 m 3
D e cre se  o r In cre se

S lu m p ( cm  )

S o ft H a rd



(368)(243)Slump

S lu m p

W a te r

C e m e n t

S a n d  a n d  
A g g re g a te

S lu m p  is  e ffe cte d  b y  W a te r
1  W a te r C o n te n t = C o n s ta n t
2  s /a = C o n s ta n t
3  C e m e n t C o n te n t ,S a n d  a n d  
A g g re g a te  C o n te n t a re  C h a n g e d

S lu m p = C o n s ta n t

( 2 4 3  ) R u le  o f C o n s ta n t U n it W a te r C o n te n t
 

( 1  ) M a te ria l S to ck  Y a rd

( 2  ) C e m e n t S ilo

( 3  ) M ix in g  P la n t

( 4  ) M e a su rin g  M a te ria l 
        A ccu ra cy

( 2 4 0  ) B a tch in g  P la n t

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

1 %

2 %



(369)(8) Concrete Delivery Slip
( 3 6 9  ) ( 8  ) C o n cre te  D e live ry  S lip

M A X  S IZ E
 A G G R E G A TE

W /C A IR
C O N TE N T

TO TA L
O R D E R

C O N C R E TE
 M IX IN G  TY P E

D E S IG N  
S TR E N G TH

( M ) ( m m ) ( % ) ( m 3 )( % )

S lu m p  
( a t  B P  )

C O N C R E TE
 TE M P E R A
  TU R E

(  a t B P  )

Q U A N T ITY
TH IS
LO A D

Q U A N T ITY
C U M U LA
T IV E

( m m ) ( d e g re e ) ( m 3 ) ( m 3 )

T IM E  R E C O R D
D e live ry  

B A TC H  T IV E

P O U R IN G

S TA R T F IN IS H

R E M A R K S

R E M A R K S R E M A R K S R E M A R K S

B A TC H IN G
P LA N T

N A M E :
S U B C O N TR A C TO R

IN S P E C TO R /K JP

S L IP  N O

D A TE

M A N U F A C TU R E  C O M P A N Y :

LO C A T IO N

S TR U C U R E :

( N O  1 ,N O  2 ) B A TC H IN G  P LA N T

O R D E R  S H E E T  N O :

TR U C K  N O :

R E Q U E S TE R :

S lu m p  
( a t S ite  )

C O N C R E TE
 TE M P E R A
  TU R E

(  a t S ite  )

( m m ) ( d e g re e )

C o m p a n y



(370) Slump Loss
( 3 7 0  ) S lu m p  Lo s s
               ( E x a m p le  )

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e

P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

T im e ( M in u te 's  )  

S
L U

M
P

   
(

 c
m

 )

0  M in u te 's 1 0  M in u te 's

3 0  M in u te 's 6 0  M in u te 's



(371) Slump after Pouring Superplasticizer

( 3 7 1  ) S lu m p  a fte r P ou rin g  S u p e rp la s ticize r
               ( E xa m p le  )

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e

P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

( 4  ) S u p e rp la s ticize r
         C *0 .8 %

( 1  ) B a se  C on cre te
        N o  S u p e rp la s ticize r

( 2  ) S u p e rp la s ticize r
         C *0 .3 %

( 3  ) S u p e rp la s ticize r
         C *0 .6 %



(372)(355) Slump of Concrete after adding Water

( 3 7 2  ) ( 3 5 5  ) S lu m p  o f co n cre te  a fte r a d d in g  W a te r

B a se  C on cre te
P la s tic
S lu m p  8 0 m m  o r 1 0 0 m m  

S h e a r
S e g re g a tio n

N on e  P la s tic
S e g re g a tio n
C o lla p se

M o rta r
C e m e n t P a s te
A g g re g a te  



(373) Slump at Batching Plant and Site (Superplasticizer )

A g g re g a te

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

E d g e

S a g g in g

E d g eP la s tic

S lu m p = ( 2 0 -2 1  ) cm

C e m e n tp a s te
M o rta r

S lu m p = 1 8 + -2 . 5 cm

S e g re g a tio n ( + A d d  S u p e rp la s tic iz e r )

( 3 7 3  ) S lu m p  a t B a tch in g  P la n t a n d  S ite  (  S u p e rp la s tic iz e r )

( 2  ) T a rg e t S lu m p
S lu m p   1 8 + -2 . 5 cm  

B a tch in g  P la n t

( 1  ) C o n s id e r S lu m p  Lo s s
S lu m p   ( 2 0 -2 1  ) cm  



(374) Fluidized Concrete by Superplasticizer or High-range Water Reducing Agent

( 3 7 4  ) F lu id iz e d  C o n cre te  b y  S u p e rp la s tic iz e r o r
            H ig h -re n g e  W a te r R e d u cin g  A g e n t

B a se  C o n cre te
S lu m p = 8 + -2 .5 cm
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )
W = 1 6 0 -1 7 5  k g /m 3

B a se  C o n cre te
S lu m p = 8 + -2 .5 cm

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u cin g  A g e n t
P la in  C o n cre te
W = 1 8 0 -1 9 5  K g /m 3

S u p e rp la s tic iz e r o r
            H ig h -re n g e  W a te r
            R e d u cin g  A g e n t S ite

S lu m p = 1 8 + -2 .5 cm

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

P la s tic

S a g g in g

E d g e

S ite
S lu m p = 1 8 + -2 .5 cm

P la s tic
S a g g in g

E d g e

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

A g g re g a te
C e m e n tp a s te

W a te r
B le e d in g

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

S u p e rp la s tic iz e r o r
            H ig h -re n g e  W a te r
            R e d u cin g  A g e n t

S e g re g a tio n

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r



(375) Slump and Flow of Fluidized Concrete

5

1 0

1 5

2 0

2 5

1 0 2 0 3 0 4 0 5 0 6 0 7 0

D IN  F low  ( cm  )

S
lu

m
p

 (
c
m

 )

K 1 K 2 K 3

 F lu id iz e d  C on cre te

 F
lu

id
iz

e
d

 C
o

n
c
re

te

( 3 7 5  ) S lu m p  a n d  F low  o f F lu id iz e d  C on cre te

S lu m p = 2 0 cm

F
lo

w

F low

S
lu

m
p



(376) Fluidized Concrete or Superplasticized Concrete by Superplasticizer or High-
range Water Reducing Agent or Superplasticizing Admixture

( 3 7 6  ) F lu id iz e d  C o n cre te  o r S u p e rp la s tic iz e d  C o n cre te  b y  S u p e rp la s tic iz e r
            o r  H ig h -ra n g e  W a te r R e d u cin g  A g e n t o r S u p e rp la s tic iz in g  A d m ix tu re

B a se  C o n cre te
S lu m p = 8 + -2 . 5 cm
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )
W = 1 6 0 -1 7 5  k g /m 3

B a se  C o n cre te
S lu m p = 8 + -2 . 5 cm

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u cin g  A g e n t
P la in  C o n cre te
W = 1 8 0 -1 9 5  K g /m 3

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t S ite

S lu m p = 1 8 + -2 . 5 cm

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

P la s tic

S a g g in g

E d g e

S ite
S lu m p = 1 8 + -2 . 5 cm

P la s tic
S a g g in g

E d g e

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

A g g re g a te
C e m e n tp a s te

W a te r
B le e d in g

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

S e g re g a tio n

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

         F lu id iz e d  C o n cre te  o r S u p e rp la s tic iz e d  C o n cre te  



377-(151) Water Content of Aggregate

3 7 7 -( 1 5 1  ) W a te r C on te n t o f A g g re g a te

O ve n d ry A ir d ry S a tu ra te d  

S u rfa ce  d ry

D a m p  o r W e t

W d W a W s W w

A b so rp tio n
W a te r S u rfa ce  
C on te n t

W a te r
C on te n t

A b so rp tio n  R a tio  = ( ( W s-W d  ) / W d  ) *1 0 0

W a te r S u rfa ce  
C on te n t   R a tio     = ( ( W w -W s  ) /W s  ) *1 0 0

S p e cific G ra v ity  ( S .S .D  ) = W s/ W d

S ite  C on d itio n

M ix  D e s ig n

M o is tu re  C on te n t  R a tio  = ( ( W w -W d  ) / W d  ) *1 0 0



(378) Purpose of Superplasticized Concrete

( 3 7 8  ) P u rp o se  o f S u p e rp la s tic iz e d  C o n cre te

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n

W o rka b le  
C o n cre te N o  se g re g a tio n

S u p e rp la s tic iz e d  C o n cre teC o n cre te  o f D ry  C o n s is te n cy

C o n cre tin g  V e lo city1 6 m 3 /h 3 5 m 3 /h

C o n cre tin g  W o rke r 6  P e rso n s  4  P e rso n s



(379) Purpose of Superplasticized Concrete II

1 Water Content Decrease
2 Cement Content Decrease
3 Dry Shrinkage Decrease Protection Cracks
4 Initial Strength Increase Shorten period Formwork Removal
5 Strength of Concrete High
6 Hydration Heat Decrease
7 Bleeding Decrease Protection Setting
8 Watertightness Improve
9 Durability Improve

10 Bond Strength of Reinforcement Bar Improve
11 Pumpability Improve
12 Workability (Concreting Compaction) Improve
13 Finishability Improve

( 3 7 9  ) P u rp o se  o f S u p e rp la s ticiz e d  C on cre te  II

W o rka b le  
C on cre te S u p e rp la s ticize d  C on cre te



(380) Specification of Superplasticized Concrete I

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

P la s tic
W o rk a b ilty
N o  S e g re g a tio n

( 3 8 0  ) S p e c ifica tio n  o f S u p e rp la s tic iz e d  C o n cre te  I
C a se  o f G e rm a n

F
lo

w

F lo w

S
lu

m
p

5

1 0

1 5

2 0

2 5

1 0 2 0 3 0 4 0 5 0 6 0 7 0

D IN  F lo w  ( cm  )

S
lu

m
p

 (
c
m

 )

K 1 K 2 K 3

 F lu id iz e d  C o n cre te

 F
lu

id
iz

e
d

 C
o

n
c
re

te

K 1 ( H a rd    )       : F lo w  V a lu e   ( D IN  ) b e lo w  3 0 cm

K 2 ( P la s tic   )     : F lo w  V a lu e   ( D IN  ) 3 1 -4 0 cm

K 3 ( S o ft  )         : F lo w  V a lu e   ( D IN  ) 4 1 -5 0 cm

C a se  o f G e rm a n
B a se  C o n cre te
F lo w  V a lu e ( D IN  ) 3 8 -4 2 cm
S lu m p   5 -1 0 cm

S u p e rp la s tic iz e d  C o n cre te
F lo w  V a lu e ( D IN  ) 5 6 -6 0 cm
S lu m p   2 0 + -2 cm

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t



(381) Specification of Superplasticized Concrete II

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

P la s tic
W o rk a b ilty
N o  S e g re g a tio n
N o  B le e d in g
N o  A b n o rm a l S e ttin g  
N o  A b n o rm a l A ir C o o n te n t

C a s e  o f B ritis h

F
lo

w

F lo w

S
lu

m
p

C a s e  o f B ritis h
B a s e  C o n cre te
F lo w  V a lu e ( D IN  ) 3 8 -4 2 cm
S lu m p   5 -1 0 cm

S u p e rp la s tic iz e d  C o n cre te
F lo w  V a lu e ( D IN  ) 5 1 -6 2 cm
S lu m p   O ve r 2 0 cm
C o m p a ctin g  F lo w   a b o u t 0 . 9 8

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t



(382) Examples of Superplasticized Concrete(Base Concrete-AE Concrete)Case of Japan

No Purpose of Superplasticizer Design 
Strength

Slump(B
ase 

Concret
e)

Slump 
by 

Superpl
asticizer

sand 
percenta

ge
Water Cement

water 
cement 

ratio

Base 
Concrete 
Admixture

Superplasticiz
er Remarks

(SL) (SL) s/a W OPC W/C
(N/mm2) cm cm (%) (Kg/m3) (Kg/m3) (%) C*(  %)

Base 
concrete 

-AE 
Concret

e

1 W/c-decrease, workability-improve 21 12 22 49 179 320 56 AE Ajent Superplasticizer
2 Pumpability-Improve 23 19 23 50 191 398 48 AE Ajent Superplasticizer
3 Dry shrinkage, Cracks-Decrease 21 12 21 45 178 307 58 AE Ajent Superplasticizer
4 W/c-decrease, workability-improve 21 13 22 42 147 283 52 AE Ajent Superplasticizer
5 Dry shrinkage, Cracks-Decrease 21 12 21 45 156 285 55 AE Ajent Superplasticizer
6 Pumpability-Improve 30 8 16 40 153 340 45 AE Ajent Superplasticizer
7 Dry shrinkage, Cracks-Decrease 24 12 21 45 155 300 52 AE Ajent Superplasticizer
8 Dry shrinkage, Cracks-Decrease 21 12 18 47 160 276 58 AE Ajent Superplasticizer
9 Recovery Slump Loss 21 16 18 43 169 311 54 AE Ajent Superplasticizer

10 Workability-improve 21 15 18 46 174 348 50 AE Ajent Superplasticizer
11 Hyration Heat-Decrease,Protection Cracks 24 8 18 48 166 281 59 AE Ajent Superplasticizer
12 Bleeding-Decrease,Protect Cracks 21 12 21 47 168 307 55 AE Ajent Superplasticizer
13 Bleeding-Decrease,Protect Cracks 21 12 21 46 163 304 54 AE Ajent Superplasticizer
14 Protect Cracks 21 15 21 48 188 355 53 AE Ajent Superplasticizer
15 Bleeding-Decrease 26 15 21 44 172 380 45 AE Water Reducing AjentSuperplasticizer
16 Protect Cracks,Workability-Improve 21 12 21 44 162 304 53 AE Water Reducing AjentSuperplasticizer
17 Hyration Heat-Decrease,Protection Cracks 24 12 21 44 161 326 49 AE Ajent Superplasticizer
18 Protect Cracks,Workability-Improve 30 12 21 46 187 390 48 AE Water Reducing AjentSuperplasticizer
19 Protect Cracks,Workability-Improve 27 15 19 44 183 359 51 AE Water Reducing AjentSuperplasticizer
20 Protect Cracks,Workability-Improve 27 12 19 43 170 340 50 AE Water Reducing AjentSuperplasticizer
21 Pumpability-Improve,W-Decrease 21 18 21 52 178 349 51 AE Ajent Superplasticizer
22 Protect Cracks,Workability-Improve 23 15 21 45 166 335 50 AE Water Reducing AjentSuperplasticizer
23 Protect Cracks,Workability-Improve 27 12 20 46 180 328 55 AE Ajent Superplasticizer
24 Workability-Improve 21 15 18 45 190 333 57 AE Ajent Superplasticizer
25 Workability-Improve 21 15 21 47 161 275 59 AE Water Reducing AjentSuperplasticizer
26 Workability-Improve 27 14 21 48 181 348 52 AE Water Reducing AjentSuperplasticizer
27 Protect Cracks,Workability-Improve 21 15 21 46 163 281 58 AE Water Reducing AjentSuperplasticizer
28 Protect Cracks,Workability-Improve 35 12 18 39 178 434 41 AE Water Reducing AjentSuperplasticizer
29 Workability-Improve 35 15 21 48 185 456 41 AE Ajent Superplasticizer
30 Protect Cracks,Workability-Improve 21 15 21 47 161 284 57 AE Water Reducing AjentSuperplasticizer
31 Water Content-Decrease 21 18 21 46 173 298 58 AE Water Reducing AjentSuperplasticizer
32 Protect Cracks,Workability-Improve 26 15 20 46 185 370 50 AE Ajent Superplasticizer
33 Protect Cracks,Workability-Improve 21 15 18 49 185 300 62 AE Ajent Superplasticizer
34 Protect Cracks,Workability-Improve 37 12 21 46 180 383 47 AE Ajent Superplasticizer



(383) Water Content  Case of Japan
(3) Calculate Unit Water Content(W)

221 Unit Water and Sand Percentage of Concrete 
River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size of 
Aggregat

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta
ge

Unit 
Water of 
Concrete

Air 
Content(
Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percenta
ge

Unit 
Water of 
Concrete

Sand 
Percenta
ge

Unit 
Water of 
Concrete

(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131
50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93

(4) Calculate s/a
222 Correction River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75
Section Correction of (s/a)% Correction of (W)kg

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 

W/C(0.05 Bigger) Increase 1 No Correction 

Slump(2.5cm Bigger) No Correction Increase 3%

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)



(384) 252 Concrete Mix Proportion Design  Case of Japan
252 Concrete Mix Proportion Design
(1)   σck=16N/mm2 
(2)  C/W-σ σ28=21+21.5*(C/W)
(3)  Structure Section
(4)  Material
(5)  Construction Control Field Mix
(6)  s/a  and W

Cement Normal Portland Cement
Sand Fineness Modulus(F.M)=2.75

Specific Gravity=2.62
Gravel Maximum Size of Aggregate 50mm

Specific Gravity=2.65
Mix Proportion Calculation
(1) W/C
a) W/C-Compressive Strength
1) Extra Co-efficient(a) (a)=1.18

Fluctuation Modulus (V)=15-20% (V)=20%
2) Required Strength(σr)

(σr)=16*1.18=-21+21.5(C/W)
(W/C)=54%

b) Durability
220 W/C and Durability
Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition Strict Weather,A Lot of Freezing and Thawing ActionA Fewoof Freezing and Thawing Action

Paving Concrete 45 50

(W/C)=65%
c) Selection of W/C

(W/C)=54% Adapt Smaller (W/C)



(2) Decide Slump and Maximum Size of Aggregate

a) Slump
229 Maximum Size of Aggregate and Slump
Type of Concrete Type of Structure Maximum Size of Aggregate(mm) Slump(cm)

Plain Concrete Standard :Below 100mm.Not Over (1/4) Minimum Size of Structure,Water Tightness Concrete :Not Over 1/52.5-8

Reinforcement ConcreteNormal 25 Below 50mm.Not Over (1/5) Minimum Size of Structure,Not Over 3/4 Reinforced Bar Interval39580
Big Section 40 2.5-10
Water tightness Below 8

Concrete Pavement Below 40 2.5

Dam Concrete Below 150 39512

230 Standard of Air Content
Type Air Content(%)

Plain. Reinforcement Concrete 39513

Concrete Pavement 4

Dam ConcreteMaximum Size 40mm4.0+-1

Maximum Size 80mm3.5+-1

Maximum Size 150mm3.0+-1

Slump 6.5cm
Maximu Size of Aggregate 50mm



(3) Calculate Unit Water Content(W)
221 Unit Water and Sand Percentage of Concrete 

River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size of 
Aggregat
e

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta
ge

Unit 
Water of 
Concrete

Air 
Content(
Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percentage

Unit 
Water of 
Concrete

Sand 
Percenta
ge

Unit 
Water of 
Concrete

(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131
50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93

(4) Calculate s/a Condition Calculation s/a W
222 Correction River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75 ReferenceExample (%) (kg)
Section Correction of (s/a)% Correction of (W)kg 50 50 33 152

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 2.75 2.75 33 152

W/C(0.05 Bigger) Increase 1 No Correction 55 54 s/a=(33+(0.54-0.55)/0.05)*1)=32.8 32.8 152

Slump(2.5cm Bigger) No Correction Increase 3% 5 6.5 W=152*(1+((6.5-5)/2.5)*0.03)=155 32.8 154.736

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)



(5) (6) Unit Water Content and Fine Aggregate and Coarse Aggregate

(1) W/C=54% W=155 C=155/(54*0.01)=287

(4)234*2.62=613
(6)=496*2.65=1314

Specified Mix Proportion Saturated Surface-Dry State of Aggregate
Grade Gmax Slump air water cement ratiosand percentageCement Water Fine AggregateCoarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL) air W/C s/a C W s CA(5~10mm)CA(10~20mm)(% of weight of cement)(% of weight of cement)3d 7d 28d
kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) Mighty 900RA=(   )%*cementMighty 185S=(   )%

50 6.5 1 54 32 287.037037 155 612.032 1315.46 0 Weight
3.15 1 2.62 2.65 Specific Gravity

10 105 155 233.6 496.4 Volume 1000

(2)=287/3.15=105 (5)=1000-(10+105+155+234)=496
(3)=(1000-(10+105+155))*32*0.01=234



(385)266 Mix Proportion Design of AE Concrete  Case of Japan
266 Mix Proportion Design of AE Concrete
(1) Area:Location Cold Area
(2) Type of StructureReinforcement Concrete Girder Bridge
(3) Structure Section Minimum Dimension 350mm
(4) Interval Length of Reinforcements 35mm
(5) Design Strength 28N/mm2
(6) Material 

Fine Aggregate Fineness Modulus 2.85
Specific Gravity 2.63

Coarse Aggregate Specific Gravity 2.65

262 Sand Percentage and Water Content
Maximu

m Size of 
Aggregat

e(mm)

Sand 
Percenta
ge(s/a) 

(%)

Water 
Content 
W (N)

20 46 184

1 Good Grading   2 W/C=0.55  3 Fine 
Aggregate F.M=2.75

25 41 178

40 37 166

50 34 157

80 31 148

150 26 131

1 Normal Grading Sand and Gravel , W/C=0.55 Slump 7.5cm,Fine Aggregate (F.M)=2.75

Cement:Normal Portland Cement
Sand:Good Grading F.M=2.85 Specific Gravity 2 .63
Geavel :Specific Gravity =2.65
AE Agent



263 Adjustment
Condition Changing Correction

s/a(%) W(N) W(kg)

1,W/C 0.05 Increase or Decrease +-1 0 0

2,Fine Aggregate F.M 0.1 Increase Decrease+-0.5 0 0

3,Slump 2.5cm Increase Decrease 0 +-3 +-3

4,s/a 1% Increase Decrease - +-15N +-1.5kg

5,Coarse Aggregate -Crushed Stone +3-5 +90-150kg (+9-15kg)

6,Fine Aggregate -Crushed Sand +2-3 +60-90kg (+6-9kg)

7,Pavement Concrete -3 -50N (-5kg)



Mix Proportion Design
(1) Coarse Aggregate Maximum Size

Minimum Size of Aggregate =350*(1/5)=70mm
Minimum Interval Pitch of Reinforcement =35*(3/4)=25mm

(2) Air Content
From Maximum Size of Aggregate

264Unit Coarse Aggregate Volume,Unit Water and Sand Percentage of Concrete 

Maximu
m Size of 
Aggregat

e

Unit 
Coarse 

Aggregat
e 

Volume(
%)

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Gmax a s/a w a
Sand 

Percenta
ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 53 2.5 49 190 7 46 170 47 160
20 61 2 45 185 6 42 165 43 155
25 66 1.5 41 175 5 37 155 38 145
40 72 1.2 36 165 4.5 33 145 34 135
50 75 1 33 155 4 30 135 31 125
80 81 0.5 31 140 3.5 28 120 29 110

1,Normal Sand (F.M) Fineness Modulus 2.8  Slump 8cm
Air Content=5+-1.0%



(3) Water Cement Ratio
a) Compressive Strength W/C
i) Extra Co-efficient(a)

1.5

Fluctuati
on 

Modulus(
V)%

Control 
Degree

 E
xt

ra
 C

o-
ef

fic
ie

nt

1.4

1.3 7-10 Super

1.2 10-15 Good

1.1 15-20 Normal

1 Over 20 Not 
Normal

10 15 20 25
Fluctuation Modulus(V)%

Fluctuation Modulus(V) 15%
 Extra Co-efficient(a) 1.14

ii) W/C-Compressive Strength
sr=1.14*28=32 32(N/mm2) 320kg/cm2
s28=32=-16+21.7*(C/W) W/C=45%

b)Durability
220 W/C and Durability



Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition

Strict 
Weather,
A Lot of 
Freezing 

and 
Thawing 
Action

A Fewoof 
Freezing 

and 
Thawing 
Action

Paving Concrete 45 50

Adapt W/C=45%
(4) Slump

259 Cement Minimum Content
Type of Structure Unit Cement Content

(kg)
Reinforcement Over 300

Concrete Under Over 370
Pavement 280-340

Dam About 140
Dam 



260 Slump
1) Reinforcement Concrete(Slump)(cm)
Normal 5-12

Big Structure 2.5-10
2) Plain Concrete 2.5-8

Concrete under 
Tremie,Pump 13-18

Sacked Concrete 7-12

Pavement 2.5
Dam Concrete 3-5

Adapt Slump 12cm

264Unit Coarse Aggregate Volume,Unit Water and Sand Percentage of Concrete 

Maximu
m Size of 
Aggregat

e

Unit 
Coarse 

Aggregat
e 

Volume(

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good 
Quality 

AE Agent

Good 
Quality 
Water 

Reducing  
Agent

Gmax
Sand 

Percenta
ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

a s/a w a s/a w s/a w
(mm) (%) (%) (%) (kg) (%) (%) (kg) (%) (kg)

15 53 2.5 49 190 7 46 170 47 160
20 61 2 45 185 6 42 165 43 155
25 66 1.5 41 175 5 37 155 38 145
40 72 1.2 36 165 4.5 33 145 34 135
50 75 1 33 155 4 30 135 31 125
80 81 0.5 31 140 3.5 28 120 29 110



1,Normal Sand (F.M) Fineness Modulus 2.8  Slump 8cm
262 Sand Percentage and Water Content
Maximu

m Size of 
Aggregat

e(mm)

Sand 
Percenta
ge(s/a) 

(%)

Water 
Content 
W (N)

20 46 184

1 Good Grading   2 W/C=0.55  3 Slump 
7.5cm   4,Fine Aggregate F.M=2.75

25 41 178

40 37 166

50 34 157

80 31 148

150 26 131

263 Adjustment
Condition Changing Correction

s/a(%) W(N) W(kg) Condition Calculation s/a W
ReferenceExample (%) (kg)

37 155

1,W/C 0.05 Increase or Decrease +-1 0 0 0.55 0.45 s/a=((0.45-0.55)/0.05)*1+37 35.0 155

2,Fine Aggregate F.M 0.1 Increase +-0.5 0 0 2.75 2.85 s/a=((2.85-2.75)/0.1)*0.5+35 35.5 155

3,Slump 2.5cm Increase Decrease 0 +-3 +-3 7.5 12 W=((12-7.5)/2.5)*3+155 35.5 160.4

4,s/a 1% Increase Decrease - +-15N +-1.5kg 37

5,Coarse Aggregate -Crushed Stone +3-5 +90-150kg (+9-15kg)

6,Fine Aggregate -Crushed Sand +2-3 +60-90kg (+6-9kg)

7,Pavement Concrete -3 -50N (-5kg)



Specified Mix Proportion
(1) W/C=46% W=160 C=160/(46*0.01)=348

(4)245*2.63=643
(6)=435*2.65=1153

Specified Mix Proportion Saturated Surface-Dry State of Aggregate
Grade Gmax Slump air water 

cement ratio
sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
320 25 12 5 46.0 36 348 160 643 1153 0 Weight

3.15 1 2.63 2.65 Specific Gravity

50 110 160 245 435 Volume 1000

(2)=348/3.15=110 (5)=1000-(50+110+160+245)=435
(3)=(1000-(50+110+160))*36*0.01=245

261 Maximum Size of Coarse Aggregate
 Plain Concrete Below 100mm,Below (1/4)of Minimum Size of Aggregate

Reinforcement 
Concrete(Slump)(cm)

Below 
50mm,B

elow 
(1/5) of 

Minimum 
Size of 

Structure
,Below 
(3/4)of 

Reinforce
ment 

Minimum 
Interval

Type of Structure Maximum Size of Aggregate (mm)
Normal ,Beam Wall Pier Slab 25

Big Section,Fooching Caison 40

 Maximum Size of Coarse Aggregate

Pavement Concrete Below 40



262 Sand Percentage and Water Content
Maximu

m Size of 
Aggregat

e(mm)

Sand 
Percenta
ge(s/a) 

(%)

Water 
Content 
W (N)

20 46 184

1 Good 
Grading   

2 
W/C=0.5

5  3 
Slump 
7.5cm   
4,Fine 

Aggregat

25 41 178

40 37 166

50 34 157

80 31 148

150 26 131



263 Adjustment
Condition Changing Correction

s/a(%) W(N) W(kg)

1,W/C 0.05 Increase or Decrease +-1 0 0

2,Fine Aggregate F.M 0.1 Increase Decrease+-0.5 0 0

3,Slump 2.5cm Increase Decrease 0 +-3 +-3

4,s/a 1% Increase Decrease - +-15N +-1.5kg

5,Coarse Aggregate -Crushed Stone +3-5 +90-150kg (+9-15kg)

6,Fine Aggregate -Crushed Sand +2-3 +60-90kg (+6-9kg)

7,Pavement Concrete -3 -50N (-5kg)

264Unit Coarse Aggregate Volume,Unit Water and Sand Percentage of Concrete 
Maximu

m Size of 
Aggregat

e

Unit 
Coarse 

Aggregat
e 

Volume(

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good 
Quality 

AE Agent

Good 
Quality 
Water 

Reducing  
Agent

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 53 2.5 49 190 7 46 170 47 160
20 61 2 45 185 6 42 165 43 155
25 66 1.5 41 175 5 37 155 38 145
40 72 1.2 36 165 4.5 33 145 34 135
50 75 1 33 155 4 30 135 31 125
80 81 0.5 31 140 3.5 28 120 29 110



1,Normal Sand (F.M) Fineness Modulus 2.8  Slump 8cm

265 Correction
Section Correction of (s/a)% Correction of (W)kg

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 

Slump(1cm Bigger) No Correction Increase 1.2%

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 9-15

Crushed Sand Increase 2-3 Increase 6-9



(386)231 Example of Mix proportion    Case of Japan
231 Example of Mix proportion 

a Reinforced Concrete Retaining Wall
b Required Strength s28(kg/cm2)=210kg/cm2

c Slump(cm) 8cm
d Co-efficient 15%
e Weather Mild
f No Need Water Tightness
g Cement Specific Gravity 3.16
h Fine Aggregate Specific Gravity 2.6
i Fine Modulus of Fine Aggregate 2.85
j Coarse Aggregate Specific Gravity 2.64
k Maximum Size of Aggregate(mm) 25

(1) Required Strength
(a) Co-efficient 15%

Extra Co-efficient(a) 1.12
Required Strength sr
σ=210*1.12=235(kg/cm2)

(2) Water Cement Ratio (W/C)
According to Required Strength and Durability or 
σ28=-210+215*(C/W) 235=-210+215*(C/W)

W/C=48.3% Adapt Smaller 48.3%

220 W/C and Durability

Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition Strict Weather,A Lot of 
Freezing and Thawing Action

A Few of Freezing and 
Thawing Action

Paving Concrete 45 50



(3) Slump

c Slump(cm) 8cm

(4) Maximum Size of Coarse Aggregate
k Maximum Size of Aggregate(mm) 25

(5) Unit Water and Sand Percentage

221 Unit Water and Sand Percentage of Concrete 
River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size of 
Aggregat

e

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131
50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93

222 Correction River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Section Correction of (s/a)% Correction of (W)kg

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 

W/C(0.05 Bigger) Increase 1 No Correction 

Slump(2.5cm Bigger) No Correction Increase 3%

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)



Section Correction of (s/a)% Correction of (W)kg s/a(%) W(kg)

41 172

Sand (F.M)=2.85 (s/a)=41+((2.85-
2.75)/(0.1))*0.5=0.5

No Correction 41.5 172

W/C=(48.3%) (s/a)=41.5+((0.48.3-
0.55)/0.05)*1=40.2

No Correction 40.2 172

Slump(8cm) No Correction 172*(1+((8-5)/2.5)*0.03)=178 40.2 172

s/a(%) 40.2 C=172/0.483=356kg

W(kg) 172

(6) Unit Cement =178/(48.3*0.01)=369
(7) Unit Aggregate
(7-2)Fine Aggregate Weight=277*2.6=720

(8) Required Mix Proportion (7-4)Coarse Aggregate Weight=413*2.64=1090

Saturated Surface-Dry State of Aggregate density kg/m3

Grade Gmax Slump air water 
cement ratio

sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of 

weight of 

cement)

3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
235 25 8 1.5 48.3 40.2 369 178 720 1090 Weight

3.16 1 2.6 2.64 Specific Gravity

15 117 178 277 413 Volume

231 Example of Mix proportion =369/3.16=117 (7-3)Coarse Aggregate Volume=(1000-(15+117+178+277))=413



(387)225 Correction Mix Proportion      Case of Japan
225 Correction
Gmax:Aggregate Maximum Size(mm) 40
Slump(cm) 10
Water Cement Ratio(%) 51.5
Calculate Unit Weight ?
Cement Specific Gravity 3.15
Fineness Modulus(FM) 2.8
Fine Aggregate Specific Gravity 2.57
Coarse Aggregate Specific Gravity 2.61

221 Unit Water and Sand Percentage of Concrete 
River Sand,River Gravel,W/C=55%,Slump=5cm,FM=2.75

Maximu
m Size of 
Aggregat

e

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 2.5 49 187 7 46 169 47 156
20 2 45 181 6 42 162 43 150
25 1.5 41 172 5 37 153 38 143
40 1.2 36 160 4.5 33 141 34 131
50 1 33 152 4 30 131 31 122
80 0.5 31 139 3.5 28 117 28.5 109

150 0.3 28 120 3 24 100 24 93

Condition Correction s/a W
ReferenceExample (%) (kg)

40 40 36 160

F.M 2.75 2.8 36+(2.8-2.75)*0.5/0.1=36.3 36.3 160

W/C 55 51.5 36.3-(0.55-0.515)*1/0.05=36.3 35.6 160

Slump 5 10 160+(1+(10-5)*0.03/2.5)=170 35.6 170



222 Correction

Section Correction of (s/a)% Correction of (W)kg

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 

W/C(0.05 Bigger) Increase 1 No Correction 

Slump(2.5cm Bigger) No Correction Increase 3%

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 7-10%

Concrete Pavement Decrease(3) Decrease(3%)

(1) W/C=51.5% W=170 C=170/(51.5*0.01)=330 (4)254*2.57=653
(6)=459*2.61=1199

237 Saturated Surface-Dry State of Aggregate density kg/m3

Grade Gmax Slump air water 
cement ratio

sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
40 10 1.2 51.5 35.6 330 170 653 1199 Weight

3.15 1 2.57 2.61 Specific Gravity

12 105 170 254 459 Volume

(2)=330/3.15=105 (5)=1000-(12+105+170+254)=459
(3)=(1000-(12+105+170))*35.6*0.01=254



(388)278 Mix Proportion   Case of Japan
(1) Design Condition

1.Location:
2.Type of Structure:
3.Design Strength: σck=21N/mm2
4.Material

Cement Normal Portland Cement Specific Gravity 3.15 
Fine Aggregate Specific Gravity(S.S.D) 2.65 
Coarse Aggregate
AE Agent C*0.03%

5.Sulmp:(10+-1) (10+-1)%
6.Air Content: 4-5%

275 Air Content of AE Concrete

Maximum Size of Coarse Aggregate (mm) Air Content (%)

15 6

20 5

25 4.5

40 4

50 3.5

80 3

7.Fluctuation Co-efficient(V)
i) Extra Co-efficient(a)

1.5 Fluctuati
on 

Modulus(
V)%

Control 
Degree

 E
xt

ra
 C

o-
ef

fic
ie

nt

1.4

1.3 7-10 Super

1.2 10-15 Good

1.1 15-20 Normal

1 Over 20 Not 
Normal10 15 20 25

Fluctuation Modulus(V)%
Fluctuation Modulus(V) 15%
 Extra Co-efficient(a) 1.14



(2) Specified Mix Proportion Design
(1) Maximum Size of Coarse Aggregate 
261 Maximum Size of Coarse Aggregate

 Plain Concrete Below 100mm,Below (1/4)of Minimum Size of Aggregate

Reinforcement Concrete(Slump)(cm) Below 50mm,Below (1/5) of Minimum Size of 
Structure,Below (3/4)of Reinforcement Minimum Interval

Type of Structure Maximum Size of Aggregate (mm)

Normal ,Beam Wall Pier Slab 25

Big Section,Fooching Caison 40

 Maximum Size of Coarse Aggregate

Pavement Concrete Below 40

a)Maximum Size of Structure: =500*(1/5)=100mm
b) Minimum Size Reinforcement Pitch =109*(3/4)=82mm

 Maximum Size of Coarse Aggregate =25mm
(2) Air Content

275 Air Content of AE Concrete

Maximum Size of Coarse Aggregate (mm) Air Content (%)

15 6

20 5

25 4.5

40 4

50 3.5

80 3

 Air Content=4.5%



(3) Water Cement Ratio
a) Compressive Strength W/C
i) Extra Co-efficient(a)

1.5 Fluctuati
on 

Modulus(
V)%

Control 
Degree

 E
xt

ra
 C

o-
ef

fic
ie

nt

1.4

1.3 7-10 Super

1.2 10-15 Good

1.1 15-20 Normal

1 Over 20 Not 
Normal10 15 20 25

Fluctuation Modulus(V)%
Fluctuation Modulus(V) 15%
Co-efficient(a) 1.12

ii) W/C-Compressive Strength
σr=1.12*21=23.5N/mm2 23.5N/mm2
σ(28)=24=-16+21.7*(C/W) W/C=54%
σ(28)=24=-21+21.5*(C/W) W/C=47%

b)Durability
220 W/C and Durability

Weather Condition Strict Weather Not Strict Weather

Section Thin Normal Thick Thin Normal Thick

Under Water 55(50) 60(55) 60(55) 55(50) 65(60) 65(60)

Normal 60(55) 65(60) 65(60) 60(55) 70(65) 70(65)

Dam Concrete 60 65

Weather Condition Strict Weather,A Lot of 
Freezing and Thawing Action

A Fewoof Freezing and 
Thawing Action

Paving Concrete 45 50

c) Adapt W/C=47%(Select Smallest)



(4)Unit Water  
264Unit Coarse Aggregate Volume,Unit Water and Sand Percentage of Concrete 

Maximu
m Size of 
Aggregat

e

Unit 
Coarse 

Aggregat
e 

Volume(
%)

No Admixture AE Concrete

Entrappe
d Air

Sand 
Percenta
ge(s/a)

Unit 
Water of 
Concrete

Air 
Content(

Strict 
Weather)

Good Quality AE 
Agent

Good Quality Water 
Reducing  Agent

Sand 
Percenta

ge

Unit 
Water of 
Concrete

Sand 
Percenta

ge

Unit 
Water of 
Concrete

(mm) (%) (%) (%) (kg) (%) (%) (kg) (%) (kg)
15 53 2.5 49 190 7 46 170 47 160
20 61 2 45 185 6 42 165 43 155
25 66 1.5 41 175 5 37 155 38 145
40 72 1.2 36 165 4.5 33 145 34 135
50 75 1 33 155 4 30 135 31 125
80 81 0.5 31 140 3.5 28 120 29 110

1,Normal Sand (F.M) Fineness Modulus 2.8  Slump 8cm

265 Correction

Section Correction of (s/a)% Correction of (W)kg Condition Calculation s/a W
ReferenceExample (%) (kg)

37 155

FM of Sand(0.1 Bigger) Increase 0.5 No Correction 2.8 2.8 37 155

Slump(1cm Bigger) No Correction Increase 1.2% 8 10 =(1+((10-8)/1)*1.2*0.01)*155=159 37 159 

Air Content(1% Bigger) Decrease(0.5-1) Decrease(3)%

Crushed Stone Increase 3-5 Increase 9-15

Crushed Sand Increase 2-3 Increase 6-9

(5) s/a s/a=37%



(6)Specified Mix Proportion
(1) W/C=47% W=159 C=159/(47*0.01)=338

(4)254*2.6=660 (7) 338*0.03*0.01=1.014
(6)=432*2.65=1145

Specified Mix Proportion Saturated Surface-Dry State of Aggregate
Grade Gmax Slump air water 

cement ratio
sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks density kg/m3

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
240 25 10 4.5 47.0 37 338 159 660 1145 1.01 Weight

3.15 1 2.6 2.65 Specific Gravity

45 110 159 254 432 Volume 1000

(2)=338/3.15=110 (5)=1000-(45+110+159+254)=432
(3)=(1000-(45+110+159))*37*0.01=254

(3) To Field Mix Proportion from Specified Mix Proportion
Field Condition

Adjustm
ent by 

Grading

 Water 
Surface(

%)

5mm 
Passing(

%)

5mm 
Retained

(%)Specified Mix Proportion

W(kg) C(kg) Sand(kg) Aggregat
e(kg)

Sand x Wet 
Conditio

3 92 8 655 =x+y=660+1145=1805

159 338 660 1145 Aggrega
te

y Wet 
Conditio

3 5 95 1150 =0.08*x+0.95*y=1145
Concrete Mix Proportion

Adjustment Moisture Content

specifiv 
gravity(%)

absorption
(%)

moisture 
content(%)

Water 
surface 

content(%)

Content(kg/
m3)

Correction(kg
/m3)

Corrected(kg
/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)
Water 159 -55 104

Fine Aggregate 2.6 1.66 3 655 20 675
Coarse Aggregate 2.65 0.89 3 1150 35 1185

Specified Mix Proportion

W(kg) C(kg) Sand(kg) Aggregat
e(kg)

159 338 660 1145 

Field Mix Proportion(1m3)

W(kg) C(kg) Sand(kg) Aggregat
e(kg)

104 338 675 1185 



(389) (69) ACI 211.1 Mix Proportion     Case of ACI 
(69) ACI 211.1 Mix Proportion Step(1)-Water and Air Content

84 Mix Proportion Calculation
1 Cement Type  I Specific Gravity 3.15
2 Grading of Coarse or Fine Aggregate
3 Coarse Aggregate Specific Gravity 2.68 Absorption 0.50%

4 Fine Aggregate Specific Gravity 2.64 Absorption 0.70%

Fineness Modules 2.8
5 Compressive Strength (Ages 28 days) 250kg/cm2
6 Slump 8-10cm
7 Coarse Aggregate Grading 5-40mm
8 Compacted Weight of Coarse Aggregate 1600kg/m3

1 Step Slump 8-10cm
2 Step Coarse Aggregate Grading 5-40mm
3 Step Plain Concrete

Aggregate Gmax 40mm

69 70 ACI 211.1 Table 5.3.3 -Approximate Mixing Water and Air Content Requirements for 
Different Slumps and Nominal Maximum Sizes of Aggregate (SI)

Slump(c
m)

Aggregate Maximum Dimension (mm)
10 12.5 20 25 40 50 70 150

Plain Concrete
3-5 205 200 185 180 160 155 145 125

8-10 225 215 200 195 175 170 160 140
15-18 240 230 210 205 185 180 170 -

Entrappe
d Air(%)

3 2.5 2 1.5 1 0.5 0.3 0.2

AE Concrete
3-5 180 175 165 160 145 140 135 120

8-10 200 190 180 175 160 155 150 135
15-18 215 205 190 185 170 165 160 -

Air 
Content(

8 7 6 5 4.5 4 3.5 3

Estimated Water 175kg/m3
Entrapped Air 1%



4 Step Strength-W/C Plain Concrete
Strength 250kg/cm2
W/C 0.62

71 ACI 211.1 Table A1.5.3.4(a) Relationships between Water-Cement 
Ratio and Compressive Strength of Concrete (SI) 

Compressive Strength  Ages 
28 Days(kg/cm2)

Water Cement Ratio W/C
Plain Concrete AE Concrete

450 0.38

400 0.43

350 0.48 0.4

300 0.55 0.46

250 0.62 0.53

200 0.7 0.61

150 0.8 0.71

Compressive Strength,Wet Curing in 28 days,23+-1.7 degree

5 Step Cement Content C=175/0.62=282kg/m3
Concrete Mix Proportion

Adjustment Moisture Content
specifiv 
gravity(%)

absorption
(%)

moisture 
content(%)

Water 
surface 
content(%)

Content(kg/
m3)

Correction(kg
/m3)

Corrected(kg
/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)
Water
Fine Aggregate

G1:Aggregate(5~10mm)
G2:Aggregate(10~20mm)

Saturated Surface-Dry State of Aggregate density kg/m3

Grade Gmax Slump air water 
cement ratio

sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 Weight

3.15 1 Specific Gravity

10 90 175 Volume



6 Step Coarse Aggregate Content
Fineness Modules 2.8
Coarse Aggregate Maximum Dimension 40mm
Dry Compacted Volume of Coarse Aggregate 0.72m3
Compacted Weight of Coarse Aggregate 1600kg/m3
Dry Compacted Weight of Coarse Aggregate 0.72*1600=1152kg

75-ACI 211.1 Table A1.5.3.6 Volume of Coarse Aggregate per Unit Volume of Concrete (SI) 

Maximum Size of 
Coarse Aggregate

Fineness  Modules of Fine Aggregate

2.4 2.6 2.8 3

10 0.5 0.48 0.46 0.44

12.5 0.59 0.57 0.55 0.53

20 0.66 0.64 0.62 0.6

25 0.71 0.69 0.67 0.65

40 0.76 0.74 0.72 0.7

50 0.78 0.76 0.74 0.72

70 0.81 0.79 0.77 0.75

150 0.87 0.85 0.83 0.81

ASTM C29 Unit Weight of Concrete

7 Step Fine Aggregate Content
(1) Gravimetric Method
(2) Volumetric Method



7-1 Step (1) Gravimetric Method
Maximum Dimension of Coarse Aggregate 40mm Plain Concrete
Plain Concrete Unit Weight of Fresh Concrete 2420kg

78-ACI 211.1 Table A1.5.3.7.1 First Estimate of Mass of 
Fresh Concrete (SI)

Aggregate 
Maximum 

Fresh Concrete AE Concrete

10 2285 2190
12.5 2315 2235
20 2355 2280
25 2375 2315
40 2420 2355 2420-(175+282+1152)=811kg
50 2445 2375
70 2465 2400

150 2505 2435
Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air water 
cement ratio

sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 811 1152 Weight

3.15 1 Specific Gravity

10 90 175 Volume

7-2 Step (2) Volumetric Method

69 70 ACI 211.1 Table 5.3.3 -Approximate Mixing Water and Air Content Requirements for 
Different Slumps and Nominal Maximum Sizes of Aggregate (SI)

Slump(c
m)

Aggregate Maximum Dimension (mm)
10 12.5 20 25 40 50 70 150

Plain Concrete
3-5 205 200 185 180 160 155 145 125

8-10 225 215 200 195 175 170 160 140
15-18 240 230 210 205 185 180 170 -

Entrappe
d Air(%)

3 2.5 2 1.5 1 0.5 0.3 0.2

AE Concrete
3-5 180 175 165 160 145 140 135 120

8-10 200 190 180 175 160 155 150 135
15-18 215 205 190 185 170 165 160 -

Air 
Content(

8 7 6 5 4.5 4 3.5 3



=295*2.64=779
Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air water 
cement ratio

sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 779 1152 Weight

3.15 1 2.64 2.68 Specific Gravity

10 90 175 295 430 Volume(cc) 1000cc
=1000-(10+90+175+430)=295

8 Step Water Content(%) Absorption(%)
Coarse Aggregate 2% 0.5
 Fine Aggregate 6% 0.7

Concrete Mix Proportion

Adjustment Moisture Content
specifiv 
gravity(%)

absorption
(%)

moisture 
content(%)

Water 
surface 
content(%)

Content(kg/
m3)

Correction(kg
/m3)

Corrected(kg
/m3)

(1) (2) (3)=(2)-(1) (4) (5)=(3)*(4)*0.01 (6)=(4)+(5)
Water 175 -60 115
Fine Aggregate 2.64 0.7 6.0 5.3 811 43 854 (Wet)

G1:Aggregate(5~10mm)
2.68 0.5 2.0 1.5 1152 17 1169 (Wet)G2:Aggregate(10~20mm)

Saturated Surface-Dry State of Aggregate
Grade Gmax Slump air water 

cement ratio
sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 282 175 779 1152 Weight 2388 

3.15 1 2.64 2.68 Specific Gravity

10 90 175 295 430 Volume(cc) 1000 

9 Step Trial Batch
1000cc 282 115 854 1169

20cc 5.64 2.30 17.08 23.38 Trial Batch 



Slump =5cm Slump =9cm

Slump 1cm Increase=Water 2kg/m3 Increase
Water 8kg/m3 Increase

=175+8=183 kg/m3
Saturated Surface-Dry State of Aggregate

Grade Gmax Slump air water 
cement ratio

sand 
percentage Cement Water Fine 

Aggregate Coarse Aggregate Admixture Admixture Comprssive Strength(kgf/cm2) Remarks

(SL) air W/C s/a C W s CA
(5~10mm)

CA(10~20m
m)

(% of weight 
of cement)

(% of weight 
of cement) 3d 7d 28d

kg/cm2 (mm) cm (%) (%) (%) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) 
250 40 10 1 62 295 183 748 1152 Weight 2378 

3.15 1 2.64 2.68 Specific Gravity 2.378 
10 94 183 283 430 Volume(cc) 1000 



(390) Superplasticizer
( 3 9 0  ) S u p e rp la s ticiz e r

P ro p o sa l

F
lo

w

F low

S
lu

m
p

C a se  o f Ja p a n

B a se  C on cre te
A E  A g e n t
A E  C o n cre te
S lu m p  8 + -1
A ir( %  )  4 + -0 .5

S u p e rp la s tic iz e d  C o n cre te
S lu m p   1 8 + -1 cm

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

1 5  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

N o  S e g re g a tio ns/a

S a m e  C o m p a n y



(391) High-range Water Reducing Agent-Superplasticizer 
( 3 9 1  ) H ig h -ra n g e  W a te r R e d u cin g  A g e n t - S u p e rp la s tic iz e r

P ro p o sa l

F
lo

w

F lo w

S
lu

m
p

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

S u p e rp la s tic iz e r o r
  H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

( 1  )  W a te r R e d u cin g  R a tio  ------( 2 0 --3 0 %  )
( 2  )  N o  E n tra in e d  A ir 
( 3  )  N o  A b n o rm a l S e ttin g ,N o  A b n o rm a l H a rd e n in g
( 3  )  N o  C o rro s io n



(392-377)-151 Water Content of Aggregate

Moisture Content
Ww(g) Wd(g) Wc(%) Ww(g) Wd(g) Wc(%) Ww(g) Wd(g) Wc(%) Ww(g) Wd(g) Wc(%)

500 499 0.200 500 485 3.093 500 471 6.157 500 457 9.409 
500 498 0.402 500 484 3.306 500 470 6.383 500 456 9.649 
500 497 0.604 500 483 3.520 500 469 6.610 500 455 9.890 
500 496 0.806 500 482 3.734 500 468 6.838 500 454 10.132 
500 495 1.010 500 481 3.950 500 467 7.066 500 453 10.375 
500 494 1.215 500 480 4.167 500 466 7.296 500 452 10.619 
500 493 1.420 500 479 4.384 500 465 7.527 500 451 10.865 
500 492 1.626 500 478 4.603 500 464 7.759 500 450 11.111 
500 491 1.833 500 477 4.822 500 463 7.991 500 449 11.359 
500 490 2.041 500 476 5.042 500 462 8.225 500 448 11.607 
500 489 2.249 500 475 5.263 500 461 8.460 500 447 11.857 
500 488 2.459 500 474 5.485 500 460 8.696 500 446 12.108 
500 487 2.669 500 473 5.708 500 459 8.932 500 445 12.360 
500 486 2.881 500 472 5.932 500 458 9.170 500 444 12.613 

3 9 2 -3 7 7 -( 1 5 1  ) W a te r C on te n t o f A g g re g a te

O ve n d ry A ir d ry S a tu ra te d  

S u rfa ce  d ry

D a m p  o r W e t

W d W a W s W w

A b so rp tio n
W a te r S u rfa ce  
C on te n t

W a te r
C on te n t

A b so rp tio n  R a tio  = ( ( W s-W d  ) / W d  ) *1 0 0

W a te r S u rfa ce  
C on te n t   R a tio     = ( ( W w -W s  ) /W s  ) *1 0 0

S p e cific G ra v ity  ( S .S .D  ) = W s/ W d

S ite  C o n d itio n

M ix  D e s ig n

M o is tu re  C on te n t  R a tio  = ( ( W w -W d  ) / W d  ) *1 0 0



(393) Causes of Slump Difference of Superplasticized Concrete

( 3 9 3  ) C a u s e s  o f S lu m p  D iffe re n ce  o f S u p e rp la s tic iz e d  C o n cre te

F
lo

w
F lo w

S
lu

m
p

B a s e  C o n cre te
A E  A g e n t
A E  C o n cre te
S lu m p  8 + -1
A ir( %  )  4 + -0 . 5

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

( 1  ) T yp e s  o f S u p e rp la s tic iz e r a n d  Q u a n tity
( 2  ) T yp e s  o f C e m e n t a n d  A g g re g a te
( 3  ) S lu m p  o f B a s e  C o n cre te
( 4  ) D o s a g e  T im e  o f S u p e rp la s tic iz e r
( 5  ) C o n cre te  T e m p e ra tu re

S u p e rp la s tic iz e d  C o n cre te
S lu m p  1 8 + -1
A ir( %  )  4 + -0 . 5



(394) Dosage Content of Superplasticizer and Slump or Flow

5

1 0

1 5

2 0

2 5

1 0 2 0 3 0 4 0 5 0 6 0 7 0

D IN  F lo w  ( cm  )

S
lu

m
p

 (
c
m

 )

K 1 K 2 K 3

 F lu id iz e d  C o n cre te

 F
lu

id
iz

e
d

 C
o

n
c
re

te

K 1 ( H a rd    )       : F lo w  V a lu e   ( D IN  ) b e lo w  3 0 cm

K 2 ( P la s tic   )     : F lo w  V a lu e   ( D IN  ) 3 1 -4 0 cm

K 3 ( S o ft  )         : F lo w  V a lu e   ( D IN  ) 4 1 -5 0 cm

( 3 9 4  ) D o a s a g e  C o n te n t o f S u p e rp la s tic iz e r a n d  S lu m p  o r F lo w

F
lo

w

F lo w

S
lu

m
p

B a s e  C o n cre te
A E  C o n cre te
S lu m p  8 + -1
A ir( %  )  4 + -0 . 5

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

6

8

1 0

1 2

1 4

1 6

1 8

2 0

2 2

2 4

2 6

2 8

0 0 . 2
0 . 4

0 . 6
0 . 8

1 . 0 1 . 2
1 . 4

1 . 6
1 . 8

2 0

3 0

4 0

5 0

6 0

7 0

8 0

B a s e  C o n cre te  
S lu m p  8 cm

B a s e  C o n cre te  S lu m p  1 2 cm

F
lo

w
 (

c
m

 )

D o s a g e  C o n te n t o f S u p e rp la s tic iz e r ( %  )

S
lu

m
p

 (
c
m

 )

F lo w

S lu m p

F lo w  T e s t (  D IN  )
F lo w  V a lu e  is  p ro p o rtio n  to  D o s a g e

S lu m p  is  n o t p ro p o rtio n  to  D o s a g e  o ve r S lu m p  2 1 cm
S lu m p  is  p ro p o rtio n  to  D o s a g e   w ith in  S lu m p  2 1 cmP la s tic

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

D o a s a g e  C o n te n t o f S u p e rp la s tic iz e r a n d  S lu m p  o r F lo w



(395) Classification of High-range Water Reducing Agent-Superplasticizer
( 3 9 5  ) C la s s ifica tio n  o f H ig h -ra n g e  W a te r R e d u c in g  A g e n t - S u p e rp la s tic iz e r

F
lo

w

F lo w

S
lu

m
p

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

( A  ) S u lp h o n a te d  m a la n ie  -
         fo rm a ld e h yd e  co n d e n s a te s  ( S M F  )

( B  ) S u lp h o n a te d  n a p h th a le n e -
         fo rm a ld e h yd e  co n d e n s a te s  ( S N F  )

( C  )  M o d ifie d  lig n o s u lp h o n a te s   ( M LS  )

( D  ) O th e rs  typ e s

E ffe ctio n  ( S a m e  D o s a g e  )  

1

0 . 5



(396) Total Dosage of Superplasticizer or High Range Water Reducing Agent
( 3 9 6  ) T o ta l D o s a g e  o f S u p e rp la s tic iz e r o r H ig h  R a n g e  W a te r R e d u cin g  A g e n t

B a tch in g  P la n t

T im e  

S
lu

m
p

(
c
m

 )

B a s e  C o n cre te
S lu m p  8 + -2 . 5

S u p e rp la s tic iz e d  C o n cre te
S lu m p  1 8 + -2 . 5

R e -D o sa g e

S lu m p  Lo s s
S lu m p  Lo s s

S lu m p  Lo s s
B C D

A

C
BA
D

C C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
 N

/m
m

2

T im e  ( D a y  )

  


 



(397)  Effect of Superplasticizer or High Range Water Reducing Agent

( 3 9 7  ) E ffe ct o f S u p e rp la s tic iz e r o r H ig h  R a n g e  W a te r R e d u c in g  A g e n t

C e m e n t P a rtic le

S u p e rp la s tic iz e r
E ffe ctive
F rictio n

W a te r
D is p e rs e

W a te r R e le a s e



(398) Effect of Superplasticizer (II)
( 3 9 8  ) E ffe ct o f S u p e rp la s ticize r  ( I I )

B a tch in g  P la n t

S
lu

m
p

 (
c
m

 )

D osa g e  o f S u p e rp la s ticiz e r 

      F o rw a rd   D o sa g e
      o f S u p e rp la s ticiz e r a t BP  

P o s t D o sa g e  o f S u p e rp la s ticiz e r a t S ite

A g g re g a te

C e m e n t P a rticle s

S u rfa ce  W a te r
A g g re g a te

C e m e n t 
P a rticle s

S u rfa ce  W a te r

       S u p e rp la s ticiz e r 

D isp e rse



(399) Bleeding of Superplasticized Concrete
( 3 9 9  ) B le e d in g  o f S u p e rp la s tic iz e d  C o n cre te  

B a s e  C o n cre te
S lu m p = 8 + -2 . 5 cm
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u c in g  A g e n t )
W = 1 6 0 -1 7 5  k g /m 3

B a s e  C o n cre te
S lu m p = 8 + -2 . 5 cm

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u c in g  A g e n t
P la in  C o n cre te
W = 1 8 0 -1 9 5  K g /m 3

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t S ite

S lu m p = 1 8 + -2 . 5 cm

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

P la s tic

S a g g in g

E d g e

S ite
S lu m p = 1 8 + -2 . 5 cm

P la s tic
S a g g in g

E d g e

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

A g g re g a te
C e m e n t p a s te

W a te r
B le e d in g

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

S e g re g a tio n

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

        S u p e rp la s tic iz e d  C o n cre te  

        A tte n tio n -
                 B le e d in g



(400)  SI Units
( 4 0 0  )  S I U n its

1     k g /cm 2 -------------0 . 1 N /m m 2

2     1 k g *cm  ------------1 0 0 N -m m

3     1 k g ( f  ) ----------1 0 N

4     1 t/m -----------------1 0 kN /m

5     1 M p a ----------------1 N /m m 2 = 0 . 1 0 2 0 k g /m m 2

1     1 in ch ----------------2 5 . 4  m illim e te rs = 2 . 5 4 cm

2     1 m e tre --------------3 9 . 3 7 in ch e s = 1 . 0 9 ya rd s

1     1 2 in ch e s ------------1  fo o t

2     3  fe e t-----------------1  ya rd

3     1  fo o t-----------------3 0 . 4 8  ce n tim e tre s = 0 . 3 0 4 8  m e tre s

4     1  y a rd ----------------0 . 9 1 4 4  m e tre s = 9 1 . 4 4  ce n tim e tre s

( 1 5 cm )
( 1 5 cm )

( 1 5 cm )

T e s t  P ie ce  ( C u b ic )

P = Lo a rd    1 0 0 0 *K *N

C o m p re s s ive  S tre n g th = P /( a re a ;m m 2 )

= 1 0 0 0 *1 0 0 0 N  /( 1 5 0 *1 5 0  ) m m 2

= 4 4 . 4 N /m m 2 = 4 4 N /m m 2

K = 1 0 0 0



(401) Pumpability of Superplasticized Concrete

( 4 0 1  ) P u m p a b ility  o f S u p e rp la s ticiz e d  C on cre te

       W o rka b le  C o n cre te  S h ou ld  F low
          in to  P la ce  W ith o u t S e g re g a tio n

W o rka b le  
C o n cre te

C on cre tin g  a cco rd in g  to  C on s is te n cy
N o  S e g re g a tio n

T re m ie  P ip e

W o rka b le  
C o n cre te

P la s tic

S h e a r
C o lla p se

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p se

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

G ood  P u m p a b ility  

B a d  P u m p a b ility



(402) (4) Earth Drilling-Concreting-Chock II

( 1 0  ) C o n cre tin g  
+ P u ll O u t T re m ie  P ip e

B e n to n ite  S o lu tio n  O ve r F lo w  
F re s h  C o n cre te  O ve r F lo w

( 4 0 2  ) ( 4  )  E a rth  D rillin g -C o n cre tin g -C h o ck  I I

) T re m ie  P ip e  
    E m b e d e d  in  C o n cre te
   ( 1 . 5 -2 . 0 m  )

P la s tic

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te C e m e n tp a s te

S a g g in g

E d g e

P la s tic

S a g g in g

E d g e

 
P le n ty   W a te r

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

N o  S h e a r
N o  C o lla p s e

 P la s tic
N o  S e g re g a tio n

E d g e

 
( 1  )

 
( 2  )

 
( 3  )

 
( 4  )

G o o d

B a d

W o rk a b ility -g o o d

W o rk a b ility -B a d

T re m ie  P ip e  
    

S e g re g a tio n

C h o ck T re m ie  P ip e  
    

C o n cre te  S u rfa ce

C o n cre te  S u rfa ce

C h o ckC h o ck



(403) Strength Comparison of Concrete(Cement Content=300kg/m3)

No
Types of 
Concrete

Slump(B
ase 

Concrete
)

Air
water 

cement 
ratio

sand 
percenta

ge
Water Cement

Design 
Strength 
28days

Base Concrete 
Admixture

Superplasticizer Remarks

(SL) W/C s/a W
cm (%) (%) (%) (Kg/m3) (Kg/m3) (N/mm2) C*(  %)

1 Plain Concrete 21 1 70 48 210 300 21
2 AE Concrete(Soft) 21 4 61 46 183 300 23 AE Water Reducing Ajent soft
3 Base Concrete 15 4 55 46 165 300 28 AE Water Reducing Ajent

4
Superplasticized 
Concrete

21 4 55 46 165 300 28 AE Ajent Superplasticizer

   
 ( 2  ) A E  C o n cre te -S o ft   

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )

( 4 0 3  ) S tre n g th  C o m p a ris o n  o f C o n cre te  

( 3  ) B a s e  C o n cre te
    
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )

( 1  ) P la in  C o n cre te

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u cin g  A g e n t
P la in  C o n cre te

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

a fte r P o u rin g  S u p e rp la s tic iz e r

        ( 4  ) S u p e rp la s tic iz e d  C o n cre te  



(404) Compressive Strength
570 25.3 880 39.1 930 41.3 980 43.6 1030 45.8 1080 48.0 1130 50.2 1180 52.4 1230 54.7 
571 25.4 881 39.2 931 41.4 981 43.6 1031 45.8 1081 48.0 1131 50.3 1181 52.5 1231 54.7 
572 25.4 882 39.2 932 41.4 982 43.6 1032 45.9 1082 48.1 1132 50.3 1182 52.5 1232 54.8 
573 25.5 883 39.2 933 41.5 983 43.7 1033 45.9 1083 48.1 1133 50.4 1183 52.6 1233 54.8 
574 25.5 884 39.3 934 41.5 984 43.7 1034 46.0 1084 48.2 1134 50.4 1184 52.6 1234 54.8 
575 25.6 885 39.3 935 41.6 985 43.8 1035 46.0 1085 48.2 1135 50.4 1185 52.7 1235 54.9 
576 25.6 886 39.4 936 41.6 986 43.8 1036 46.0 1086 48.3 1136 50.5 1186 52.7 1236 54.9 
577 25.6 887 39.4 937 41.6 987 43.9 1037 46.1 1087 48.3 1137 50.5 1187 52.8 1237 55.0 
578 25.7 888 39.5 938 41.7 988 43.9 1038 46.1 1088 48.4 1138 50.6 1188 52.8 1238 55.0 
579 25.7 889 39.5 939 41.7 989 44.0 1039 46.2 1089 48.4 1139 50.6 1189 52.8 1239 55.1 
580 25.8 890 39.6 940 41.8 990 44.0 1040 46.2 1090 48.4 1140 50.7 1190 52.9 1240 55.1 
581 25.8 891 39.6 941 41.8 991 44.0 1041 46.3 1091 48.5 1141 50.7 1191 52.9 1241 55.2 
582 25.9 892 39.6 942 41.9 992 44.1 1042 46.3 1092 48.5 1142 50.8 1192 53.0 1242 55.2 
583 25.9 893 39.7 943 41.9 993 44.1 1043 46.4 1093 48.6 1143 50.8 1193 53.0 1243 55.2 
584 26.0 894 39.7 944 42.0 994 44.2 1044 46.4 1094 48.6 1144 50.8 1194 53.1 1244 55.3 
585 26.0 895 39.8 945 42.0 995 44.2 1045 46.4 1095 48.7 1145 50.9 1195 53.1 1245 55.3 
586 26.0 896 39.8 946 42.0 996 44.3 1046 46.5 1096 48.7 1146 50.9 1196 53.2 1246 55.4 
587 26.1 897 39.9 947 42.1 997 44.3 1047 46.5 1097 48.8 1147 51.0 1197 53.2 1247 55.4 
588 26.1 898 39.9 948 42.1 998 44.4 1048 46.6 1098 48.8 1148 51.0 1198 53.2 1248 55.5 
589 26.2 899 40.0 949 42.2 999 44.4 1049 46.6 1099 48.8 1149 51.1 1199 53.3 1249 55.5 

(KN) N/mm2 900 40.0 950 42.2 1000 44.4 1050 46.7 1100 48.9 1150 51.1 1200 53.3 1250 55.6 
670 29.8 700 31.1 730 32.4 760 33.8 790 35.1 820 36.4 850 37.8 901 40.0 951 42.3 1001 44.5 1051 46.7 1101 48.9 1151 51.2 1201 53.4 1251 55.6 
671 29.8 701 31.2 731 32.5 761 33.8 791 35.2 821 36.5 851 37.8 902 40.1 952 42.3 1002 44.5 1052 46.8 1102 49.0 1152 51.2 1202 53.4 1252 55.6 
672 29.9 702 31.2 732 32.5 762 33.9 792 35.2 822 36.5 852 37.9 903 40.1 953 42.4 1003 44.6 1053 46.8 1103 49.0 1153 51.2 1203 53.5 1253 55.7 
673 29.9 703 31.2 733 32.6 763 33.9 793 35.2 823 36.6 853 37.9 904 40.2 954 42.4 1004 44.6 1054 46.8 1104 49.1 1154 51.3 1204 53.5 1254 55.7 
674 30.0 704 31.3 734 32.6 764 34.0 794 35.3 824 36.6 854 38.0 905 40.2 955 42.4 1005 44.7 1055 46.9 1105 49.1 1155 51.3 1205 53.6 1255 55.8 
675 30.0 705 31.3 735 32.7 765 34.0 795 35.3 825 36.7 855 38.0 906 40.3 956 42.5 1006 44.7 1056 46.9 1106 49.2 1156 51.4 1206 53.6 1256 55.8 
676 30.0 706 31.4 736 32.7 766 34.0 796 35.4 826 36.7 856 38.0 907 40.3 957 42.5 1007 44.8 1057 47.0 1107 49.2 1157 51.4 1207 53.6 1257 55.9 
677 30.1 707 31.4 737 32.8 767 34.1 797 35.4 827 36.8 857 38.1 908 40.4 958 42.6 1008 44.8 1058 47.0 1108 49.2 1158 51.5 1208 53.7 1258 55.9 
678 30.1 708 31.5 738 32.8 768 34.1 798 35.5 828 36.8 858 38.1 909 40.4 959 42.6 1009 44.8 1059 47.1 1109 49.3 1159 51.5 1209 53.7 1259 56.0 
679 30.2 709 31.5 739 32.8 769 34.2 799 35.5 829 36.8 859 38.2 910 40.4 960 42.7 1010 44.9 1060 47.1 1110 49.3 1160 51.6 1210 53.8 1260 56.0 
680 30.2 710 31.6 740 32.9 770 34.2 800 35.6 830 36.9 860 38.2 911 40.5 961 42.7 1011 44.9 1061 47.2 1111 49.4 1161 51.6 1211 53.8 1261 56.0 
681 30.3 711 31.6 741 32.9 771 34.3 801 35.6 831 36.9 861 38.3 912 40.5 962 42.8 1012 45.0 1062 47.2 1112 49.4 1162 51.6 1212 53.9 1262 56.1 
682 30.3 712 31.6 742 33.0 772 34.3 802 35.6 832 37.0 862 38.3 913 40.6 963 42.8 1013 45.0 1063 47.2 1113 49.5 1163 51.7 1213 53.9 1263 56.1 
683 30.4 713 31.7 743 33.0 773 34.4 803 35.7 833 37.0 863 38.4 914 40.6 964 42.8 1014 45.1 1064 47.3 1114 49.5 1164 51.7 1214 54.0 1264 56.2 
684 30.4 714 31.7 744 33.1 774 34.4 804 35.7 834 37.1 864 38.4 915 40.7 965 42.9 1015 45.1 1065 47.3 1115 49.6 1165 51.8 1215 54.0 1265 56.2 
685 30.4 715 31.8 745 33.1 775 34.4 805 35.8 835 37.1 865 38.4 916 40.7 966 42.9 1016 45.2 1066 47.4 1116 49.6 1166 51.8 1216 54.0 1266 56.3 
686 30.5 716 31.8 746 33.2 776 34.5 806 35.8 836 37.2 866 38.5 917 40.8 967 43.0 1017 45.2 1067 47.4 1117 49.6 1167 51.9 1217 54.1 1267 56.3 
687 30.5 717 31.9 747 33.2 777 34.5 807 35.9 837 37.2 867 38.5 918 40.8 968 43.0 1018 45.2 1068 47.5 1118 49.7 1168 51.9 1218 54.1 1268 56.4 
688 30.6 718 31.9 748 33.2 778 34.6 808 35.9 838 37.2 868 38.6 919 40.8 969 43.1 1019 45.3 1069 47.5 1119 49.7 1169 52.0 1219 54.2 1269 56.4 
689 30.6 719 32.0 749 33.3 779 34.6 809 36.0 839 37.3 869 38.6 920 40.9 970 43.1 1020 45.3 1070 47.6 1120 49.8 1170 52.0 1220 54.2 1270 56.4 
690 30.7 720 32.0 750 33.3 780 34.7 810 36.0 840 37.3 870 38.7 921 40.9 971 43.2 1021 45.4 1071 47.6 1121 49.8 1171 52.0 1221 54.3 1271 56.5 
691 30.7 721 32.0 751 33.4 781 34.7 811 36.0 841 37.4 871 38.7 922 41.0 972 43.2 1022 45.4 1072 47.6 1122 49.9 1172 52.1 1222 54.3 1272 56.5 
692 30.8 722 32.1 752 33.4 782 34.8 812 36.1 842 37.4 872 38.8 923 41.0 973 43.2 1023 45.5 1073 47.7 1123 49.9 1173 52.1 1223 54.4 1273 56.6 
693 30.8 723 32.1 753 33.5 783 34.8 813 36.1 843 37.5 873 38.8 924 41.1 974 43.3 1024 45.5 1074 47.7 1124 50.0 1174 52.2 1224 54.4 1274 56.6 
694 30.8 724 32.2 754 33.5 784 34.8 814 36.2 844 37.5 874 38.8 925 41.1 975 43.3 1025 45.6 1075 47.8 1125 50.0 1175 52.2 1225 54.4 1275 56.7 
695 30.9 725 32.2 755 33.6 785 34.9 815 36.2 845 37.6 875 38.9 926 41.2 976 43.4 1026 45.6 1076 47.8 1126 50.0 1176 52.3 1226 54.5 1276 56.7 
696 30.9 726 32.3 756 33.6 786 34.9 816 36.3 846 37.6 876 38.9 927 41.2 977 43.4 1027 45.6 1077 47.9 1127 50.1 1177 52.3 1227 54.5 1277 56.8 
697 31.0 727 32.3 757 33.6 787 35.0 817 36.3 847 37.6 877 39.0 928 41.2 978 43.5 1028 45.7 1078 47.9 1128 50.1 1178 52.4 1228 54.6 1278 56.8 
698 31.0 728 32.4 758 33.7 788 35.0 818 36.4 848 37.7 878 39.0 929 41.3 979 43.5 1029 45.7 1079 48.0 1129 50.2 1179 52.4 1229 54.6 1279 56.8 
699 31.1 729 32.4 759 33.7 789 35.1 819 36.4 849 37.7 879 39.1 

( 4 0 4  )  C o m p re ss ive  S tre n g th

1     k g /cm 2 -------------0 .1 N /m m 2

2     1 k g *cm  ------------1 0 0 N -m m

3     1 k g ( f  ) ----------1 0 N

4     1 t/m -----------------1 0 kN /m

5     1 M p a ----------------1 N /m m 2 = 0 .1 0 2 0 kg /m m 2
( 1 5 cm )

( 1 5 cm )

( 1 5 cm )

Te s t  P ie ce  ( C u b ic )

P = Lo a rd    1 0 0 0 *K *N

C o m p re ss ive  S tre n g th = P /( a re a ;m m 2 )

= 1 0 0 0 *1 0 0 0 N  /( 1 5 0 *1 5 0  ) m m 2

= 4 4 .4 N /m m 2 = 4 4 N /m m 2

K = 1 0 0 0



(405) Cement-1

( 4 2  ) Typ e s  o f P o rtla n d  C e m e n t

Typ e  I          N o rm a l
Typ e  II         N o rm a l, a ir-e n tra in in g
Typ e  II I        H ig h  E a rly  S tre n g th
Typ e  IV         Low  h e a t o f h yd ra tio n
Typ e  V          H ig h  S u lfa te  R e s is ta n ce

A S TM  C  1 5 0

( 4 0 5  )  C e m e n t-1

( 4 3  ) Typ e  I

Typ e  I          
N o rm a l o r g e n e ra l u se  ce m e n ts  in clu d e
h ig h w a y p a ve m e n ts , flo o rs , b rid g e s ,
a n d  b u ild in g s .

A S TM  C  1 5 0

( 4 7  ) F ly  a sh :W o rka b ility

F ly  a sh  im p ro ve  w o rka b ilityo f co n cre te  o f e q u a l ce m e n t.
S ilica  fu m e  m a y co n trib u te  to  s tick in e ss  o f a  co n cre te  m ix tu re
; a d ju s tm e n ts ; in clu d in g  th e  u se  o f h ig h  ra n g e  
w a te r re d u ce rs ,m a y b e  re q u ire d  to  m a in ta in  w o rka b ility  
a n d  com p a ctio n  a n d  fin ish in g .

( 4 8  ) S ilica  fu m e :P u m p a b ility

S ilica  fu m e  is  th e  m o s t e ffe ctive  p u m p a b ility ,
e sp e cia lly  in  le a n  m ix tu re s .

( 4 9  ) E ffe ct o f a  s la g  o n  h e a t o f h yd ra tio n

H
e

a
t,

p
e

rc
e

n
t 

o
f 

T
y
p

e
 I

 
c

e
m

e
n

t 
a

t 
2

8
 d

a
y
s

T im e , d a ys

A S TM  Typ e  I C e m e n t

7 0 %  s la g

( 1 1 9  ) C on cre te  M a te ria l(  1   )
C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o zzo la n  C e m e n t,S ilica  
                             C e m e n t,F ly  A sh  C e m e n t )
S p e cia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M od e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

( 1 2 4  ) O rd in a ry  P o rtla n d  C e m e n t

                           1   9 0  %

2   P op u la r

3   Im p ro ve  b y  A d m ix tu re

4  B lo ck ,P ip e ,B u ild in g ,P a ve m e n t,P o rt C on s tru ctio n
   W a ll,D ra in a g e ,Tu n n e l,D a m ,R ive r C on s tru ctio n ,B rid g e



(406) Cement-2

( 1 2 5  ) H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

C om p re ss ive  S tre n g th  o f 
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t 
a t A g e s  7  D a ys

C om p re ss ive  S tre n g th  o f 
O rd in a ry  P o rtla n d  C e m e n t 
a t A g e s  2 8  D a ys

C om p re ss ive  S tre n g th  a t 7  D a ys C om p re ss ive  S tre n g th  a t 2 8  D a ys

1    H e a t o f H yd ra tio n
2   C o ld  W e a th e r C on cre tin g
3   E a rly  C om p re ss ive  S tre n g th
4   Lo n g -te rm  C om p re ss ive  S tre n g th
A tte n tio n
1  N o t F it fo r M a ss  C on cre te
2  C ra cks
3  C u rin g

( 4 0 6  ) C e m e n t-2
( 1 2 6  ) U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

C om p re ss ive  S tre n g th  o f 
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t 
a t A g e s  1  D a y

C om p re ss ive  S tre n g th  o f 
O rd in a ry  P o rtla n d  C e m e n t 
a t A g e s  7  D a ys

C om p re ss ive  S tre n g th  a t 1  D a ys C om p re ss ive  S tre n g th  a t 7  D a ys

C om p re ss ive  S tre n g th  o f 
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t 
a t A g e s  3  D a y

C om p re ss ive  S tre n g th  a t 3  D a ys

1    E a rly  C om p re ss ive  S tre n g th  - H ig h
2    G oo d  W o rka b ility
3    H e a t o f H yd ra tio n -h ig h
4    D ry in g   s h rin ka g e  - A  L ittle
5    G oo d  D u ra b ility

F o r U rg e n t W o rks

( 1 2 7  ) M od e la te  H e a t P o rtla n d  C e m e n t

1    E a rly  C om p re ss ive  S tre n g th  - Low
     Lo n g  Te rm  C om p re ss ive  S tre n g th -H ig h
2    H e a t o f H yd ra tio n -Low
3    V o lu m e  ch a n g e  -A  L ittle
4    C h e m ica l R e s is tin g -B ig

F o r M a ss  C o n cre te S tru ctu re  u n d e r 
C h e m ica l A ctio n

  H e a t o f H yd ra tio n -Low

( 1 2 9  ) B la s t-F u rn a n ce  S la g  C e m e n t

1    E a rly  C om p re ss ive  S tre n g th -Low
    Lo n g -te rm  C om p re ss ive  S tre n g th -H ig h
2   C h e m ica l E ro s io n  R e s is ta n ce -H ig h
    ( A cid ,S e a  W a te r,S e w a g e )
3   W a te rtig h tn e ss-H ig h
4   H e a t o f H yd ra tio n -Low
5   D ry  S h rin ka g e ,C ra ks-M u ch

U se s
1  Tu n n e l
2  S e w a g e  C o n s tru ctio n
3  S tru ctu re  u n d e r S e a  W a te r

( 1 2 8  ) S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F o r F a cto ry  D ra in a g e ,S e w a g e S tru ctu re  u n d e r 
C h e m ica l A ctio n



(407)  Cement-3

( 1 3 0  ) S ilica  C e m e n t

1    E a rly  C o m p re s s ive  S tre n g th -Lo w
    L o n g -te rm  C o m p re s s ive  S tre n g th -H ig h
2   C h e m ica l R e s is ta n ce -H ig h
    ( S e a  W a te r)
3   W a te rtig h tn e s s -H ig h
4   H e a t o f H yd ra tio n -Lo w
5   D ry  S h rin k a g e ,C ra k s -M u ch
6   F lu id ity-B ig

U s e s
1  R ive r,P o rt S tru ctu re
2  F a cto ry  S e w a g e ,S e w a g e  C o n s tru ctio n
3  S tru ctu re  u n d e r S e a  W a te r

( 4 0 7  )  C e m e n t-3
( 1 3 1  ) F ly -A sh  C e m e n t

1    E a rly  C o m p re s s ive  S tre n g th -Lo w
    L o n g -te rm  C o m p re s s ive  S tre n g th -H ig h
2   C h e m ica l E ro s io n  R e s is ta n ce -H ig h
    ( A c id , S e a  W a te r, S e w a g e )
3   W a te rtig h tn e s s -H ig h
4   H e a t o f H yd ra tio n -Lo w
5   D ry  S h rin k a g e ,C ra ck s -Lo w
6   F lu id ity -H ig h

U s e s
1  D a m
2  S tru ctu re  u n d e r W a te r

A   F ly  A s h  C o n te n t      5 -1 0 %
B   F ly  A s h  C o n te n t     1 0 -2 0 %
C   F ly  A s h  C o n te n t     2 0 -3 0 %

( 1 3 2  ) A lm in a  C e m e n t

1    E a rly  C o m p re s s ive  S tre n g th -H ig h
    
2   C h e m ica l R e s is ta n ce -H ig h
    ( A c id , S e a  W a te r, S e w a g e )
3   D u ra b ility  to  H e a t-H ig h
4   H e a t o f H yd ra tio n -H ig h
5   R e in fo rce m e n t-R u s t

U s e s
1  U rg e n t C o n s tru ctio n

A tte n tio n
1  W /C     B e lo w  4 0 -4 5 %
2  C u rin g  T e m p e ra tu re    b e lo w  2 0 -2 5  d e g re e

( 1 3 3  ) U ltra  H ig h  E a rly  S tre n g th
             P o rtla n d  C e m e n t

1    E a rly  C o m p re s s ive  S tre n g th -H ig h
2    Lo n g  T e rm  C o m p re s s ive  S tre n g th -H ig h     
3   S e ttin g  T im e  -S h o rt
    A b o u t 1 0 0 k  g /cm 2  a fte r 3  H o u rs
    C o n cre te  F in is h  w ith in  3 0  M in u te 's  

( 1 3 4  ) C e m e n t In g re d ie n t

S to n e  L im e  + C la y

4                   :     1

B u rn in g ( 1 4 0 0 -1 5 0 0  ) D e g re e

C lin k e r

3  %  G yp s u m



(408) Cement-4

( 1 3 5  ) C e m e n t In g re d ie n t( 2  )
( 4 0 8  ) C e m e n t-4

( 1 3 6  ) C e m e n t W e ig h t

B u rn in g  T e m p e ra tu re , F in e n e s s ,B u rn in g  T e m p e ra tu re ,
W e a th e rin g ( A e ra tio n )

C e m e n t

1 m

1 m
1 m 1 m 3 = 1 5 0 0 k g

( 1 3 7  ) C e m e n t S p e c ific  G ra v ity

B u rn in g  T e m p e ra tu re , F in e n e s s ,B u rn in g  T e m p e ra tu re ,
W e a th e rin g ( A e ra tio n )

C e m e n t

C e m e n t S p e c ific  G ra v ity-H ig h
-B u rn in g  T e m p e ra tu re -H ig h

C e m e n t S p e c ific  G ra v ity-Lo w
-B u rn in g  T e m p e ra tu re -Lo w

( 1 3 8  ) C e m e n t F in e n e s s  

W e a th e rin g ( A e ra tio n )

C e m e n t

   C e m e n t S p e c ific  G ra v ity

   B u rn in g  T e m p e ra tu re
    H ig h
    Lo w

   C e m e n t S p e c ific  G ra v ity
    B ig
    S m a ll

E ffe ct

( 1 3 9  ) C e m e n t S e ttin g

F in e n e s s ----------                       Q u ick
W a te r T e m p e ra tu re ---------------Q u ick
T e m p e ra tu re ------------               Q u ick
G yp s u m  C o n te n t        -----------  S lo w
A e ra tio n -----------                        S lo w

( 1 4 0  ) C e m e n t S o u n d n e s s

C e m e n t S o u n d n e s s  T e s t

C e m e n t P a s te

C ra ck s , E x p a n s io n

H a rd e n in g



(409)  Cement-5

( 1 4 1  ) C e m e n t S tre n g th

M o rta r S tre n g th  Te s t

( 4 0 9  ) C e m e n t-5

( 1 4 2  ) H e a t o f H yd ra tio n

C e m e n t +  W a te r----------H yd ra tio n

H e a t

S e ttin g -Q u ick

H e a t o f H yd ra tio n -H ig h

       In itia l C u rin g -Im p o rta n t

( 1 4 3  ) C e m e n t C h o ice

C e m e n t
B le n d e d  C e m e n t-
     1  B la s t-F u rn a n ce  S la g  C e m e n t,  

     2  P o rtla n d  P o z zo la n  C e m e n t,

     3  S ilica  C e m e n t,
     
     4   F ly  A sh  C e m e n t

S p e cia l C e m e n t -

    5   A lu m in a  C e m e n t,

    6   U ltra  R a p id  H a rd in g  C e m e n t 
              
    7   S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

    8   M o d e ra te  H e a t P o rtla n d  C e m e n t

    9   U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

  1 0   H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

  1 1   O rd in a ry  P o rtla n d  C e m e n t

B u ild in g    -1 1

E m e rg e n cy  C o n s tru ctio n -1 1 ,5 , 6 , 9 , 1 0

P o rt C o n s tru ctio n -1 1 , 1 , 3 , 4 , 7

C o ld -W e a th e r C o n cre tin g -1 1 , 6 , 9 , 1 0

D a m -8 ,4 , 1 1( 1 7 2  ) P o zzo la n

F ly  A sh
1    E a rly  C o m p re ss ive  S tre n g th -Low
    Lo n g -te rm  C om p re ss ive  S tre n g th -H ig h
2   C h e m ica l E ro s io n  R e s is ta n ce -H ig h
    ( A cid ,S e a  W a te r,S e w a g e )
3   W a te rtig h tn e ss-H ig h
4   H e a t o f H yd ra tio n -Low
5   D ry  S h rin k a g e ,C ra cks-Low
6   F lu id ity-H ig h

U se s
1  D a m
2  S tru ctu re  u n d e r W a te r

A   F ly  A sh  C o n te n t      5 -1 0 %
B   F ly  A sh  C o n te n t     1 0 -2 0 %
C   F ly  A sh  C o n te n t     2 0 -3 0 %

F ly  A sh
1    Im p ro ve  W o rka b ility
2    D e cre a se  B le e d in g
3    D e cre a se  H e a t o f H yd ra tio n
4    Im p ro ve  S tre n g th  a n d  W a te r T ig h tn e ss  u n d e r 
     W e t C u rin g
5    Im p ro ve  C h e m ica l E ro s io n  R e s is ta n ce
6    D ry  S h rin k a g e ,C ra cks-Low
7    Im p ro ve  C on s is te n cy
8    D e cre a se  U n it W a te r C o n te n t



410-171 Admixture

4 1 0 -1 7 1  A d m ix tu re

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z zo la n  C e m e n t,S ilica  
                             C e m e n t,F ly  A sh  C e m e n t )
S p e cia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

A g g re g a te
S a n d
C ru sh e d  S a n d
G ra ve l
C ru sh e d  S to n e

A d m ix tu re

A d m ix tu re
W a te r R e d u c in g  A g e n t
A cce le ra to r
R e ta rd e r
W a te r P ro o f A g e n t

A E  A g e n t---------A E  C o n cre te

( 1 7 3  ) A E  A g e n t

A E  A g e n t           E n tra in e d  A ir
                          1  Im p ro ve  W o rka b ility
                          2  D e cre a se  B le e d in g
                          3  Im p ro ve  R e s is tin g  to  F re e z in g  a n d  th a w in g  A ctio n
                          4  D e cre a se  W a te r C o n te n t
                          5  C o ld  -W e a th e r C o n cre tin g
                          6  D e cre a se  S e g re g a tio n

B a ll B e a rin g

( 1 7 4  ) W a te r R e d u cin g  A g e n t

                             W a te r R e d u cin g  A g e n t
                          1  S p re a d  C e m e n t P a rtic le s
                          2  Im p ro ve  H yd ra tio n
                          3  Im p ro ve  S tre n g th
                          4  D e cre a se  W a te r C o n te n t
                          5  S a ve  C e m e n t C o n te n t
                          6  Im p ro ve  W o rka b ility

1  H ig h  S tre n g th  C o n cre te ------8 0 0 -1 0 0 0 kg /cm 2
2  F lu id iz e d  C o n cre te ----S lu m p  7 cm  B a se  C o n cre te
3  H ig h  S lu m p  C o n cre te ----S lu m p  1 4 cm

( 1 7 5  ) A cce le ra to r

                          1  R e m ve  F o rm  Q u ick ly
                          2  S h o rte n  C u rin g  P e rio d
                          3  Im p ro ve  H a rd e n in g  in  C o ld  W e a th e r C o n cre te
                          
                             C a lc iu m  C h lo rid e = 1 -2 %  o f C e m e n t W e ig h t
                          

1  Im p ro ve  E a rly  A g e  S tre n g th
2  In cre a se  H yd ra tio n  H e a t

( 1 7 6  ) R e ta rd e r

                          1  D e la y  C e m e n t S e ttin g
                          2  C o ld -W e a th e r C o n cre tin g
                          3  T ra n sp o rt fo r Lo n g  T im e
                          4  M a ss  C o n cre te

1  Im p ro ve  E a rly  A g e  S tre n g th
2  In cre a se  H yd ra tio n  H e a t

( 1 7 7  ) W a te r P ro o fin g  A g e n t

                          1  D e cre a se  A b so rp tio n  a n d  P e rm e a b ility
                          2  A E  A g e n t R e d u cin g  A g e n t
                         



411-241 Batching Plant
4 1 1 -2 4 1  B a tch in g  P la n t

B a th in g  P la n t
M ix in g       A b o u t 1  M in u te s
Lo a d in g    A b o u t 2 -3  M in u te s

T ra n s p o rtin g    A b o u t  3 0  M in u te s
W a itin g            A b o u t  2 0  M in u te s

U n lo a d in g  
( C o n crte te in g    A b o u t  1 2  M in u te s )

( 2 4 0  ) B a tch in g  P la n t

( 4  ) M e a s u rin g  M a te ria l 
        A ccu ra cy

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

1 %

2 %

S e a  W a te r

A S T M  C  9 4

D rin k in g  
W a te r

W a te r
p H  5 ~ 8 . 5

( 2 6  ) B a tch in g  P la n t
          W a te r
 

( 2 5  ) C a lib ra tio n
A C I 3 0 4  R

C a lib ra tio n

B a tch in g  P la n t E q u ip m e n t 
C a lib ta re d

( 1 8  ) B a tch in g  P la n t
P e rce n ta g e  o f A ccu ra cy

( A S T M  C  9 4 ,C  6 8 5  )

( 9  )  B a tch in g  P la n t T e s t C y lin d e r

A S T M  C  1 7 2
A S T M  C  3 1
A C I 3 1 8

N o  o f C u b ic  M a te rs  in  A n y

0 -3 8
3 9 -1 5 0
1 5 1 -2 7 0
G re a te r th a n  2 7 0

N o  o f C u b ic  M a te rs  in  A n y

O n e  fo r e a ch  2 0  cu b ic  m e te rs
O n e  fo r e a ch  4 0  cu b ic  m e te rs
O n e  fo r e a ch  6 0  cu b ic  m e te rs
O n e  fo r e a ch  7 5  cu b ic  m e te rs



(412) Aggregate and Sand -1

4 1 2 -A g g re g a te  a n d  S a n d

F in e  A g g re g a te ( 2 5 ~ 3 0 %  )

C o a rs e  A g g re g a te ( 3 0 ~ 5 0 %  )

W a te r   ( 1 4 ~ 2 4 %  )  

C e m e n t ( 7 ~ 1 5 %  )

C o n cre te  1 m 3

A ir  ( 1 ~ 8 %  )

( 5 6  ) C o n cre te  M ix  P ro p o rtio n  

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

A ir  

E n tra p p e d  A ir

A d m ix tu re
 E n tra in e d  A ir

A cce ra tin g
R e ta rd in g
W o rk a b ility
R e d u c in g  W a te r C o n te n t
Im p ro ve  C o m p re s s ive  S tre n g th

E co n o m y

D u ra b ilityS tre n g th

( 2 8  ) C o n cre te  V o lu m e ( 1 4 5  ) K in d  o f A g g re g a te

F in e  A g g re g a te C o a rs e  A g g re g a te

K in d  o f A g g re g a te
  S a n d  
  G ra ve l
  C ru s h e d  S a n d
  C ru s h e d  S to n e5  m m  S ie ve

O ve r
8 5 %  P a s s in g

5  m m  S ie ve
O ve r
8 5 %  R e m in d

1 0  m m  S ie ve 1 0 0 %  P a s s in g

1 m

1 m

1 m
6 5 -8 0 %  o f C o n cre te  V o lu m e =
A g g re g a te

( 1 4 6  ) R e q u ire d  A g g re g a te

F in e  A g g re g a te C o a rs e  A g g re g a te

1  H a rd
2  N o  C la y ,N o  T im b e r
3  D u ra b ility
4  S p e cific  G ra v ity-B ig
5  U n it W e ig h t-B ig
6  N o  A b ra s io n
7  S m a ll A b s o rp tio n
8  G o o d  S h a p e
9  G o o d  G ra d in g

( 1 4 7  ) S iz e  a n d  G ra d in g  o f A g g re g a te ( 1  )

F in e  A g g re g a te C o a rs e  A g g re g a te

C e m e n t P a s te

C o n cre te

( 1 5 2  ) S p e cific  G ra v ity  o f A g g re g a te

F in e  A g g re g a te           2 . 5 -2 . 6 5
C o a rs e  A g g re g a te      2 . 5 5 -2 . 7 0

W e a th e rin g
S p e c ific  G ra v ity-S m a ll

U se  fo r M ix  D e s ig n



(413) Aggregate and Sand-2

( 1 5 0  ) G ra d in g  a n d  F in e n e s s  M o d u lu s  o f A g g re g a te ( 3  )

P a rtic le  S iz e
( S m a ll )

F in e n e s s  M o d u lu s -S m a ll
G o o d  W o rk a b ility
U n it C e m e n t C o n te n t-M u ch

P a rtic le  S iz e
( B ig  )

F in e n e s s  M o d u lu s -La rg e
N o t G o o d  W o rk a b ility
S a ve  U n it C e m e n t C o n te n t

F in e n e s s  M o d u lu s
F in e  A g g re g a te       2 . 3 -3 . 1
C o a rs e  A g g re g a te    6 -8

P e rce n ta g e  P a s s in g  ( %  )

S ie ve  S iz e ( m m  )

P e rce n ta g e  R e ta in in g ( %  )

G ra d in g  C u rve

U p p e r L im it

Lo w e r L im it

N e e d  A d ju s tm e n t

E co n o m y

4 1 3  a g g re g a te  a n d  S a n d -2
( 1 5 1  ) W a te r C o n te n t o f A g g re g a te

O ve n d ry A ir d ry S a tu ra te d  

S u rfa ce  d ry

D a m p  o r W e t

W d W a W s W w

A b so rp tio n
W a te r S u rfa ce  
C o n te n t

W a te r
C o n te n t

A b s o rp tio n  R a tio  = ( ( W s-W d  ) / W d  ) *1 0 0

W a te r S u rfa ce  

C o n te n t   R a tio     = ( ( W w -W s  ) /W s  ) *1 0 0

S p e c ific  G ra v ity  ( S .S .D  ) = W s/ W d

S ite  C o n d itio n

M ix  D e s ig n

M o is tu re  C o n te n t R a tio  = ( ( W w -W d  ) / W d  ) *1 0 0

( 1 5 8  ) A b s o lu te  V o lu m e

A b so lu te  V o lu m e ( m 3  ) = W e ig h t ( k g  ) /( S p e cific  G ra v ity*1 0 0 0 ( k g /m 3  ) )

( 1 5 9  ) U n it W e ig h t

A ir D rie d  S ta te

U n it W e ig h t

U n it W e ig h t         S p e c ific  G ra v ity ,  G ra d in g ,  D e g re e  o f C o m p a ctio n ,W a te r C o n te n t

E ffe ct

U n it W e ig h t        

F in e  A g g re g a te                                    1 4 5 0 -1 7 0 0  k g /m 3

C o a rs e  A g g re g a te                                1 5 5 0 -1 8 5 0 k g /m 3

C o m b in e d  A g g re g a te                           1 7 5 0 -2 0 0 0 k g /m 3  

( 1 6 0  ) U n it W e ig h t ( 2  )

( 1  )  C o n ta in e r V ( l o r m 3 ) ( 2  )  h = 1  /3

        2 5  tim e s

2 5  tim e s
h = 1  /3 2 5  tim e s

2 5  tim e sh = 1  /3

h = 1  /3

( 3  )  h = 1  /3

        2 5  tim e s

( 4  )  W ( 5  )  C o n ta in e r W 1 ( 6  ) U n it W e ig h t = ( W -W 1 ) k g /V ( l )



414-Aggregate and Sand-3

( 1 6 2  ) H a rm fu l M a te ria l o f A g g re g a te

F in e  A g g re g a te C o a rse  A g g re g a te

A g g re g a te
1    C le a n
2    N o t In clu d e  C la y ,S ilt a n d  H a rm fu l M a te ria l

4 1 4  - A g g re g a te  a n d  S a n d -3
( 1 6 4  ) D u ra b ility  o f A g g re g a te

S p e cific G ra v ity         B ig
A b so rp tio n  R a tio       S m a ll

G o o d  D u ra b ility  

W in d
R a in

( 1 6 5  ) A b ra s io n  

Lo s-A n g e ls  A b ra s io n  Te s t
R o a d  P a ve m e n t
H e a vy  T ra ffic

1 0 0 0  T im e s

1 0 0 0  T im e s
1 .7 m m  S ie ve
R e ta in e d  W e ig h t
P e rce n ta g e  o f A b ra s io
= ( ( A b ra s io n  Lo ss  W e ig h t/S a m p le  
    W e ig h t B e fo re  Te s t) ) *1 0 0  

R o a d  P a ve m e n t-3 5 %
D a m  C o n cre te -4 0 %

( 1 6 6  ) C ru sh e d  S to n e

C ru sh e d  S to n e R ive r G ra ve l

S q u a re R o u n dS h a p e

B ig S m a llV o id  R a tio

F lu id ity B a d G o o d

F in e  A g g re g a te  
       C o n te n t
W a te r
C e m e n t

M u ch N o t M u ch

( 1 6 7  ) L ig h tw e ig h t A g g re g a te

B e lo w  1 . 9 t/m 3

( 1 6 8  ) S to ra g e  o f  A g g re g a te

D ra in a g e

S a n d

A g g re g a te

A g g re g a te

B ig  S iz e  A g g re g a te

S m a ll S iz e  A g g re g a te C o ve r

W a te r C o n te n t   C o n s ta n t

C la y ,T im b e r

S e g re g a tio n



415-Aggregate and Sand-4



(416) Concreting-1

( 5 4  ) M e th o d s  o f C o n cre te  T ra n s p o rtin g  

( 4  )  C o n cre te  P u m p

M e th o d s  o f C o n cre te  T ra n s p o rtin g  
1  A d ita to r M ix e r ( T ra n s p o rtin g  T im e  w ith in  1 . 5 -2 . 0  H o u rs  )
  B e fo re  U n lo a d in g ,H ig h  V e lo c ity  T u rn in g
  D u m p  T ra ck ( T ra n s p o rtin g  T im e  w ith in  1 . 0  H o u r )
2  C ra n e + B u cke t
  N o  S e g re g a tio n
3  B e lt C o n ve yo r
  C o ve r to  a vo id  E va p o ra tio n
4  C o n cre te  P u m p
   P la s tic  a n d  W o rk a b le
5  C h u te
6  T re m ie  P ip e  + C ra n e
   

( 5  ) C o n cre tin g
O b liq u e  C h u te

b e lo w  1 . 5 m

( 3  )  B e lt C o n ve yo r
  C o ve r to  a vo id  E va p o ra tio n

   

b e lo w  3 0  d e g re e

( 2  )  C ra n e + B u cke t
       N o  S e g re g a tio n
   

( 1 )  A d ita to r M ix e r ( T ra n s p o rtin g  T im e  w ith in
        1 . 5 -2 . 0  H o u rs  )
        B e fo re  U n lo a d in g ,H ig h  V e lo c ity  T u rn in g
        D u m p  T ra ck ( T ra n s p o rtin g  T im e  
          w ith in  1 . 0  H o u r )
     

( 6  ) T re m ie  P ip e +  C ra n e

4 1 6   C o n cre tin g -1
( 3 2 5  ) C o n cre tin g

( 1  ) T ra n s p o rtin g
( 2  ) C o n cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g

( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm

( 3 2 6  ) T ra n s p o rtin g  o f C o n cre te

( 1  ) T ra n s p o rtin g
( 2  ) C o n cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g

( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm

T ra n s p o rtin g  o f C o n cre te
1  N o  S e g re g a tio n
2  N o  S lu m p  Lo s s
3  N o  A ir C o n te n t Lo s s
4  W ith in  9 0  M in u te 's  ( T e m p e ra tu re  O ve r 2 5  D e g re e  )
   W ith in  1 8 0  M in u te 's  ( T e m p e ra tu re  B e lo w  2 5  D e g re e  )
5  T ra n s p o rtin g  b y  D u m p  T ra ck ,S lu m p  2 . 5 cm  P a ve m e n t C o n cre te

( 3 2 8  ) C o n cre te  P u m p

( a  )  S lu m p ,  8 -1 8 cm .
( b  )  M a x im u m  S iz e  o f C o a rs e  A g g re g a te  ,
            b e lo w  4 0 m m .

( c )  R e d u ce  P u m p in g  P ip e  B e n d  
         a s  m u ch  a s  p o s s ib le .
         H o riz o n ta l o r D o w n  D ire ctio n .
         

( d  )   B e fo re  P u m p in g  , S e n d  M o rta r.
 
 

B e n d
C h o ck

P la s tic

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p s e

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

P u m p a b ility  -o k

P u m p a b ility  -N o  G o o d



(417) Concreting -2

( 3 3 4  ) C o n cre te  C u rin g

( 1  ) T ra n s p o rtin g

( 2  ) C o n cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  ) C o n cre te  S u rfa ce  F in is h in g

( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm
T ro w e l

E x p ire  S u rfa ce  C ra ck s

D u ra b ility
W a te r tig h tn e s s

C o n cre te  C u rin g
1  W e t C o n d itio n
2  P ro te ct  fro m  S u n s h in e  ,W in d  a n d  R a in
3  K e e p  P ro p e r T e m p e ra tu re
4  P ro te ct  F ro m  Im p a ct 

C u rin g  D a y
1  N o rm a l P o rtla n d  C e m e n t                 5  d a y s
2  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t      3  d a ys
3  C o ld  W e a th e r C o n cre te                    O ve r 5  d e g re e
                                                           f'c= 5 0 k g f/cm 2
4  H o t W e a th e r C o n cre te                     2 4  h o u rs  ,W e t C o n d itio n , 5 d a ys
5  P a ve m e n t C o n cre te
   N o rm a l P o rtla n d  C e m e n t                1 4  d a ys
   H ig h  E a rly  S tre n g th  C e m e n t             7   d a y s
   M o d e ra te  H e a t P o rtla n d   C e m e n t   2 1  d a ys
6  D a m  C o n cre te
   N o rm a l,M o d e ra te  P o rtla n d  C e m e n t     1 4  d a ys
   B le n d e d  C e m e n t                             2 1  d a ys

( 3 7  ) H a rd e n e d  C o n cre te    C u rin g

A g e  a t te s t, d a y s

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a M o is t-cu re d  e n tire  tim e

in  a ir a fte r 2 8  d a ys  m o is t cu rin g

C o n cre te  s tre n g th  in c re a s e  w ith  a g e s  
a s  lo n g  a s  m o is tu re  a n d  a  fa v o ra b le  te m p e ra tu re

( 3 2 9  ) C o n cre tin g

( a  ) C h e ck  R e in fo rce m e n t a n d  F o rm
( b  ) K e e p  M e m b e rs  o f T ra n s p o rtin g ,C o n cre tin g ,C o m p a ctin g
       a n d  C u rin g .

( c  ) D ra in a g e

 

( c  ) D ra in a g e

 

4 1 7  C o n cre tin g -2
( 3 3 0  ) A tte n tio n  o f C o n cre tin g

( a  ) D is trib u te  C o n cre te  P ro p o e rly
( b  ) C o n cre tin g  C o n tin io u ly
( c  ) C o n cre tin g  V e lo c ity  V e rtica ly
        1 . 0 -1 . 5 m /3 0  M in u te 's

( d  ) C o n cre tin g  O n e  L a ye r
         b e lo w  4 0 cm

( e  ) H ig h  S tru ctu re ,U s e  V e rtica l C h u te
( f  ) T a k e  O u t B le e d in d  W a te r
( g  )  C o n cre tin g  T e m p e ra tu re
         C o ld  W e a th e r C o n cre te  , 5 -2 0  d e g re e
         H o t W e a th e r C o n cre te , b e lo w  3 0  d e g re e
         M a s s  C o n cre te  , L o w  T e m p e ra tu re

( h  )  P ie r,W a ll, a n d  S la b
         S to p  C o n cre tin g  b e lo w  H a u n ch  

V e rtica l C h u te

O n e  L a ye r b e lo w  4 0 cm
T w o  L a ye r b e lo w  4 0 cm

b
e

lo
w

 4
0

c
m

1 . 0 -1 . 5 m /3 0  M in u te 's

V ib ra to r

H a u n ch
S to p  C o n cre tin g

( fo r 1 -2  H o u rs  )

P u ll U p  S lo w ly

P ro p e r In te rva l

( 3 3 1  ) C o m p a ctio n  o f C o n cre te

O n e  La ye r b e lo w  4 0 cm
T w o  L a ye r b e lo w  4 0 cm

b
e

lo
w

 4
0

c
m

V ib ra to r

P u ll U p  S lo w ly
V ib ra to r

  
  

1
0

c
m

5 0 cm

T a k e  O u t B le e d in g  W a te r

V e rtica lly

R e p e a t V ib ra to r
R e d u ce  V o id s  in  C o n cre te

( 3 3 2  ) Jo in ts  o f C o n cre te

1  T a k e  O u t L a ita n ce ( C h ip p in g  )
2  A b s o rb e d  W a te r

F o re  C o n cre te

N e w  C o n cre te
H o riz o n ta l Jo in t

F o re  C o n cre teN e w  C o n cre te

V e rtica l Jo in t

R e in fo rce m e n t

1  C h ip p in g
2  A b s o rb e d  W a te r
3  R e in fo rce m e n t 

V ib ra to r
R e p e a t V ib ra tin g

1  Jo in ts  a re  s e tte d  a t S m a ll S h e a rin g  F o rce  

S la b  o r B e a m

S h e a rin g  D ia g ra m

B e n d in g  M o m e n t D ia g ra m

Lo a d

2   W a te r C e m e n t R a tio  o f M o rta l is  B e lo w  W /C  o f N e w  C o n cre te



(418) Concreting-3

( 4 1 8  )  C o n cre tin g -3
( 4 0 1  ) P u m p a b ility  o f S u p e rp la s tic iz e d  C o n cre te

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n

W o rk a b le  
C o n cre te

C o n cre tin g  a cco rd in g  to  C o n s is te n cy
N o  S e g re g a tio n

T re m ie  P ip e

W o rk a b le  
C o n cre te

P la s tic

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e

P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p s e

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

G o o d  P u m p a b ility  

B a d  P u m p a b ility

( 3 4 3  ) S e g re g a tio n

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

N o t P ro p e r M ix  P ro p o rtio n
1  T ra n s p o rta tio n
2  U n p ro p e r C o n s tru ctio n  ,O ve r C o m p a ctin g
   -S e g re g a tio n
3  B le e d in g -B o n d  S tre n g th  b e tw e e n  R e in fo rce m e n t a n d  F o rm s  -D e cre a s e
   W a te rtig h tn e s s -D e cre a s e
4  G  M a x -B ig g e r-S e g re g a tio n  In cre a s e
5  A E  A g e n t,A E  W a te r R e d u c in g  A g e n t-R e s s is t S e g re g a tio n

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

 
P le n ty   W a te r

E d g e

 
( 2  )

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic



(419) Aggregate and Sand-5



(420) Compressive Strength-1
A S T M  C  3 1 ,
A C I 2 1 1 . 1
a n d  A C I 2 1 1 . 3 .

( 1   ) T e s t  P ie ce ( 2  ) P u t  C o n cre te

A S T M  C  3 9

1

2

H

H /3

H

H /3

2 5  tim e s  s tro k e s

H /3

H

H /3

2 5  tim e s  s tro k e s

H

2 5  tim e s  s tro k e s

H /3

( 3   ) C a p p in g

2
~

3
m

m

H a rd  2 ~ 6  H o u rs

H a rd  6 ~ 2 4  H o u rs

W a s h  S u rfa ce

T a k e  O u t La ita n ce

G la s s  B o a rd

C e m e n t P a s te

W /C = 2 7 ~ 3 0 %

A fte r 2 4  h o u rs  a fe tr p la c in g

( 4   ) T a k e  O u t M o ld

W a te r T a n k  2 0 + -3  D e g re e

C u rin g

A S T M  C  3 9 -9 6

( 5   ) W e ig h  T e s t P ie ce

D 1D
1 M e a s u re  D ia m e te r

D = ( D 1 + D 2 ) /2

1
2 ( H )

1
2 ( H )

A A

A -A  S e ctio n

( 6 ) M e a s u re  D ia m e te r
( 7  ) C o m p re s s iv e  S tre n g th  M a ch in e

C e n te r

( 8  ) M e a su re  M a x im u m  L o a d

          o f T e s t P ie ce c F a ilu re

C o m p re s s iv e  V e lo c ity

2 ~ 3 k g /cm 2 /S e co n d

F a ilu re  M a x im u m  Lo a d = P  ( t )

( 9   ) C a lcu la tio n  o f C o m p re s s ive  S tre n g th ( k g /cm 2 )

C o m p re s s iv e  S tre n g th ( k g /cm 2 ) = P /A

P :M a x im u m  L o a d

A :A re a

( 1 0   ) R e p o rt

1  T e s t P ie ce  N o

2  A g e s

3  D ia m e te r o f T e s t P ie ce

4  M a x im u m  L o a d

5  C o m p re s s ive  S tre n g th

6  C u rin g  M e th o d  a n d  C o m p re s s ive  S tre n g th

7  F a ilu re  C o n d itio n  o f T e s t  P ie ce

( 3 6  ) E ffe ct o f V o id  in  C o n cre te  
          a n d  C o m p re s s iv e  S tre n g th

E ffe ct o f V o id  in  C o n cre te  ( %  )

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th

5 % 3 0 %

A g e  a t te s t, d a ys

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a
3  d a y s 2 8  d a ys 1  y e a r 2 0  ye a r

W /C = 0 . 7

W /C = 0 . 4

C o n cre te  co n tin u e s  to  g a in  s tre n g th  fo r 
m a n y  ye a rs  w h e n  m o is tu re  is  p ro v id e d  b y
ra in fa ll 

( 5 3  ) R e la tio n s h ip  b e tw e e n  S tre n g th  a n d  W /C

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th

                                                  W /C

                                                  C /W

( 1 9 1  ) C o m p re s s iv e  S tre n g th  o f  C o n cre te

S tre n g th

D u ra b ility

W a te r tig h tn e s s

C o m p re s s iv e  S tre n g th
T e n s ile  S tre n g th
B e n d in g  S tre n g th

A g e s  2 8  D a ys
S tre n g th

1  M ix  P ro p o rtio n
2  Q u a lity  C o n tro l

T e n s ile  S tre n g th

( 1
1 0 - 1

1 3 ) C o m p re s s iv e  S tre n g th C o m p re s s iv e  S tre n g th
B e n d in g  S tre n g th

( 1
4-1

6 ) C o m p re s s iv e  S tre n g th

( 1 9 2  ) C o m p re s s iv e  S tre n g th  o f  C o n cre te  ( 2  )

1  T yp e  o f C o n cre te
2  M a te ria l Q u a lity
3  C o n s tru ctio n  M e th o d
4  W e a th e r C o n d itio n



(421) Compressive Strength-2
( 4 2 1  ) C o m p re s s iv e  S tre n g th -2  

T e n s ile  S tre n g th

( 1
1 0 - 1

1 3 ) C o m p re s s iv e  S tre n g th

C o m p re s s ive  S tre n g th

S te e l

             T e n s ile  S tre n g th  

             R e in fo rce

C o n cre te
                    R e in fo rce

( 1 9 3  ) T e n s ile  S tre n g th  

( 1 9 4  ) B e n d in g  S tre n g th  o f  C o n cre te

B e n d in g  S tre n g th

( 1
4-1

6 ) C o m p re s s iv e  S tre n g th

C o m p re s s ive  S tre n g th

             T e n s ile  S tre n g th  

             C ra ck s

R e in fo rce d  B a r

C a n tile ve r 

F o rce   

B e a m



(422) Compressive Strength-3

( 4 2 2  ) C o m p re ss ive  S tre n g th -3

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

C e m e n t

C e m e n t P a s te
1  H yd ra tio n
2  F lu id ity
3  A d h e s io n

A g g re g a te
1  R e s is t E x te rn a l F o rce
R e d u ce  V o lu m e  C h a n g e

W a te r
1  C o n s is te n cy
2  H yd ra tio n   

A g g re g a te
1  H a rd
2  G o o d  G ra d in g
3  R o u n d  S h a p e

( 1 9 7  ) M ix  P ro p o rtio n  a n d  C o m p re ss ive  S tre n g th

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r

( 1 9 6  ) C o n cre te  S tre n g th

( 1 9 8  ) M ix in g  a n d  S tre n g th

Lo n g         M ix in g            S h o rt

U n ifo rm N o  A d h e s io n
S u ffic ie n t M ix in g
1  G o o d  Q u a lity
   U n ifo rm ity
2  H ig h  S tre n g th
3  A  L ittle  S e g re g a tio n
4  G o o d  W o rka b ility

( 1 9 9  ) C u rin g  a n d  S tre n g th

A g e  a t te s t

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

M o is t-cu re d  e n tire  tim e

in  a ir a fte r 2 8  d a ys  m o is t cu rin g

C o n cre te  s tre n g th  in cre a se  w ith  a g e s  
a s  lo n g  a s  m o is tu re  a n d  a  fa vo ra b le  te m p e ra tu re

       C u rin g  is  Im p o rta n t

S p re a d  W a te r

W e t C u rin g
N o  Im p a ct
P ro te ct C o n cre te  fro m  S u n sh in e

( 2 0 0  ) A g e s  a n d  S tre n g th  

A g e  a t te s t, d a ys

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

3  d a ys 2 8  d a ys 1  ye a r 2 0  ye a r

C o n cre te  co n tin u e s  to  g a in  s tre n g th  fo r 
m a n y  ye a rs  w h e n  m o is tu re  is  p ro v id e d  b y
ra in fa ll 

P a ra b o la

( 2 0 1  ) Te s t P ie ce  a n d  S tre n g th  ( I )

1 0 cm
1 5 cm

3 0 cm
2 0 cm

S a m e  S tre n g th

1 5 cm

3 0 cm

1 5 cm

1 5 cm
1 5 cm

S tre n g th
1 0 0 %

S tre n g th
A b o u t 8 7 %

C y lin d e r C u b ic

( 3 4 5  ) C o m p re ss ive  S tre n g th 

Te s t  P ie ce  ( C y lin d e  )

1 ( 1 5 cm )

2 ( 3 0 cm  )

H

U S A

( 1 5 cm )

( 1 5 cm )

( 1 5 cm )

E u ro p e

Te s t  P ie ce  ( C u b ic )

C o m p re s s ive  S tre n g th

1  C e m e n t

2  M a x im u m  S iz e  o f C o a rse  A g g re g a te

3  C ru s h e d  S to n e  o r R ive r S to n e

4  Typ e  o f A d m ix tu re

5  M ix  P ro p o rtio n

6  A ir C o n te n t

7  C u rin g  M e th o d

8  D ry  o r W e t

9  Te s t M e th o d ( Te s t P ie ce  o r Lo a d in g  V e lo city  )  



(423) Compressive Strength-4

( 2 4 6  ) W a te r C e m e n t R a tio  a n d  S tre n g th  

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 . 8 5 %W /C = 0 . 2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

A ir  

C e m e n t P a s te -B o n d -S tre n g th

W /C  E ffe ct S tre n g th ,D u ra b ility  a n d  W a te r T ig h tn e s s

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t

C
o

m
p

re
s

s
iv

e
 S

tr
e

n
g

th

                                                  W /C

                                                  C /W

                                                  W /C = x
                                                  C o m p re s s ive  S tre n g th =

A /B ) ^ x

                                                   C o m p re s s ive  S tre n g th =

A + B * C /W  )

                                                   In  C a s e  o f  N o  T ria l M ix

                                                   C /W  )

                                                  S m a ll C o n s tru ctio n

( 4 2 3  ) C o m p re s s ive  S tre n g th -4  

( 2 4 7  ) R e q u ire d  A ve ra g e  S tre n g th
 a n d  E x tra  C o -e ffic ie n t

1 . 0

1 . 1

1 . 2

1 . 3

1 . 4

1 . 5

1 0 2 0 3 0 4 0

E
x
tr

a
 C

o
e

f f
i c

i e
n

t
(

)

F lu ctu a tio n  C o -e ffic ie n t( V  ) %
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(424) Compressive Strength-5
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(425) Concrete Strength-6
290 ACI 211.1 and ACI 211.3 Relationship(Metric) between water cement ratio and compressive strength of concrete  

Compressive Strength at 28 
days,Mpa

Water-cementitious materials ratio by mass

Non-air-entrained concrete Air-entrained concrete
45 0.38 0.3
40 0.42 0.34
35 0.47 0.39
30 0.54 0.45
25 0.61 0.52
20 0.69 0.6
15 0.79 0.7

Strength is based on cylinders moist-cured 28 days in accordance with ASTM C31(AASHTO T 23).Relationship 
assumes nominal maximum size aggregate of about 19 to 25 mm. Adapted from ACI 211.1 and ACI 211.3 



(426) Sump-1
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(427) Slump-2
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(428) Slump-3



(429) Slump-4
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(430) Superplasticizer-1
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E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p s e

 P la s tic
N o  S e g re g a tio n

E d g e

A g e s ( D a y  )

C
o

m
p

r e
s

s
i v

e
 S

t r
e

n
g

t h  
( 1  )

 
( 2  )

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

( 3 5 4  ) S lu m p  o f co n cre te  a fte r u s in g  S u p e rp la s tiliz e r

B a s ic C o n cre te
A E  C o n cre te
S lu m p  8 0 t-2 5 m m
A d m ix tu re  :A E  A g e n t

                             S u p e rp la s tic iz e r

S lu m p  1 8 0 + -2 5 m m
S u p e rp la s tic iz e d  C o n cre te

( 4 3 0  ) S u p e rp la s tiliz e r-1

( 3 5 5  ) S lu m p  o f co n cre te  a fte r a d d in g  W a te r

B a s ic C o n cre te
P la s tic
S lu m p  8 0 m m  o r 1 0 0 m m  

S h e a r
S e g re g a tio n

N o n e  P la s tic
S e g re g a tio n

 
P le n ty  W a te r

( 3 6 2  ) S lu m p  o f co n cre te  

P la s tic
S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te C e m e n tp a s te

S a g g in g

E d g e

P la s tic

S a g g in g

E d g e

 
P le n ty   W a te r 

P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

N o  S h e a r
N o  C o lla p s e

 P la s tic
N o  S e g re g a tio n

E d g e

A g e s ( D a y  )

C
o

m
p

r e
s

s
i v

e
 S

t r
e

n
g

t h

 
( 1  )

 
( 2  )

 
( 3  )

 
( 4  )

 
( 1  ) 
( 2  )
 

( 3  )
 

( 4  )

G o o d B a d

A g g re g a te

S a g g in g



(431)  Superplasticizer-2

( 3 7 3  ) S lu m p  a t B a tch in g  P la n t a n d  S ite  (  S u p e rp la s ticiz e r )

( 2  ) Ta rg e t S lu m p
S lu m p   1 8 + -2 .5 cm  

B a tch in g  P la n t

( 1  ) C o n s id e r S lu m p  Lo ss
S lu m p   ( 2 0 -2 1  ) cm  

A g g re g a te

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

E d g e

S a g g in g

E d g eP la s tic

S lu m p = ( 2 0 -2 1  ) cm

C e m e n tp a s te
M o rta r

S lu m p = 1 8 + -2 .5 cm

S e g re g a tio n ( + A d d  S u p e rp la s ticiz e r )

( 3 7 1  ) S lu m p  a fte r P o u rin g  S u p e rp la s tic iz e r
               ( E xa m p le  )

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e

P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

( 4  ) S u p e rp la s tic iz e r
         C *0 .8 %

( 1  ) B a se  C o n cre te
        N o  S u p e rp la s tic iz e r

( 2  ) S u p e rp la s tic iz e r
         C *0 .3 %

( 3  ) S u p e rp la s tic iz e r
         C *0 .6 %

( 4 3 1  )  S u p e rp la s tic iz e r-2
            

( 3 7 0  ) S lu m p  Lo ss  o f S u p e rp la s tic iz e d  C on cre te
               ( E xa m p le  )

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e

P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

T im e ( M in u te 's  )  

S
L

U
M

P
  

 (
 c

m
 )

0  M in u te 's 1 0  M in u te 's

3 0  M in u te 's 6 0  M in u te 's

( 3 7 2  ) ( 3 5 5  ) S lu m p  o f co n cre te  a fte r a d d in g  W a te r

B a se  C o n cre te
P la s tic
S lu m p  8 0 m m  o r 1 0 0 m m  

S h e a r
S e g re g a tio n

N on e  P la s tic
S e g re g a tio n
C o lla p se

M o rta r
C e m e n t P a s te
A g g re g a te  



(432) Superplasticizer-3

( 3 7 4  ) F lu id iz e d  C o n cre te  b y  S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r R e d u cin g  A g e n t

B a se  C o n cre te
S lu m p = 8 + -2 . 5 cm
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u c in g  A g e n t )
W = 1 6 0 -1 7 5  k g /m 3

B a s e  C o n cre te
S lu m p = 8 + -2 . 5 cm

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u c in g  A g e n t
P la in  C o n cre te
W = 1 8 0 -1 9 5  K g /m 3

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t S ite

S lu m p = 1 8 + -2 . 5 cm

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

P la s tic

S a g g in g

E d g e

S ite
S lu m p = 1 8 + -2 . 5 cm

P la s tic
S a g g in g

E d g e

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

A g g re g a te
C e m e n tp a s te

W a te r
B le e d in g

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

S e g re g a tio n

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

( 4 3 2  ) S u p e rp la s tic iz e r-3

( 3 7 5  ) S lu m p  a n d  F lo w  o f F lu id iz e d  C o n cre te

S lu m p = 2 0 cm

F
lo

w

F lo w

S
lu

m
p

5

1 0

1 5

2 0

2 5

1 0 2 0 3 0 4 0 5 0 6 0 7 0

D IN  F lo w  ( cm  )

S
lu

m
p

 (
c
m

 )

K 1 K 2 K 3

 F lu id iz e d  C o n cre te

 F
lu

id
iz

e
d

 C
o

n
c
re

te



(433) Superplasticizer-4

( 3 8 0  ) S p e cifica tio n  o f S u p e rp la s tic iz e d  C o n cre te  I
C a se  o f G e rm a n

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

P la s tic
W o rka b ilty
N o  S e g re g a tio n

( 3 7 6  ) F lu id iz e d  C o n cre te  o r S u p e rp la s tic iz e d  C o n cre te  b y  S u p e rp la s tic iz e r
            o r  H ig h -ra n g e  W a te r R e d u cin g  A g e n t o r S u p e rp la s tic iz in g  A d m ix tu re

B a se  C o n cre te
S lu m p = 8 + -2 . 5 cm
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )
W = 1 6 0 -1 7 5  kg /m 3

B a se  C o n cre te
S lu m p = 8 + -2 . 5 cm

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u cin g  A g e n t
P la in  C o n cre te
W = 1 8 0 -1 9 5  K g /m 3

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t S ite

S lu m p = 1 8 + -2 .5 cm

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

P la s tic

S a g g in g

E d g e

S ite
S lu m p = 1 8 + -2 .5 cm

P la s tic
S a g g in g

E d g e

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

A g g re g a te
C e m e n tp a s te

W a te r
B le e d in g

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

S e g re g a tio n

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

         F lu id iz e d  C o n cre te  o r S u p e rp la s tic iz e d  C o n cre te  

( 4 3 3  )  S u p e rp la s tic iz e r-4

F
lo

w

F low

S
lu

m
p

5

1 0

1 5

2 0

2 5

1 0 2 0 3 0 4 0 5 0 6 0 7 0

D IN  F lo w  ( cm  )

S
lu

m
p

 (
c

m
 )

K 1 K 2 K 3

 F lu id iz e d  C on cre te

 F
lu

id
iz

e
d

 C
o

n
c

re
te

K 1 ( H a rd    )       : F lo w  V a lu e   ( D IN  ) b e low  3 0 cm

K 2 ( P la s tic  )     : F lo w  V a lu e   ( D IN  ) 3 1 -4 0 cm

K 3 ( S o ft  )         : F lo w  V a lu e   ( D IN  ) 4 1 -5 0 cm

C a se  o f G e rm a n
B a se  C o n cre te
F lo w  V a lu e ( D IN  ) 3 8 -4 2 cm
S lu m p   5 -1 0 cm

S u p e rp la s tic iz e d  C on cre te
F lo w  V a lu e ( D IN  ) 5 6 -6 0 cm
S lu m p   2 0 + -2 cm



(434) Superplasticizer-5

( 3 9 6  ) To ta l D o sa g e  o f S u p e rp la s ticiz e r o r H ig h  R a n g e  W a te r R e d u cin g  A g e n t

B a tch in g  P la n t

T im e  

S
lu

m
p

(
c
m

 )

B a s e  C o n cre te
S lu m p  8 + -2 .5

S u p e rp la s tic iz e d  C on cre te
S lu m p  1 8 + -2 .5

R e -D o sa g e

S lu m p  Lo ss
S lu m p  Lo ss

S lu m p  Lo ss
B C D

A

C
BA
D

C C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
 N

/m
m

2

T im e  ( D a y  )

  


 

( 4 3 4  ) S u p e rp la s tic iz e r-5

C a se  o f B ritis h

F
lo

w

F low

S
lu

m
p

C a s e  o f B ritis h
B a se  C on cre te
F lo w  V a lu e ( D IN  ) 3 8 -4 2 cm
S lu m p   5 -1 0 cm

S u p e rp la s tic iz e d  C o n cre te
F lo w  V a lu e ( D IN  ) 5 1 -6 2 cm
S lu m p   O ve r 2 0 cm
C om p a ctin g  F low   a b o u t 0 . 9 8

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

P la s tic
W o rk a b ilty
N o  S e g re g a tio n
N o  B le e d in g
N o  A b n o rm a l S e ttin g  
N o  A b n o rm a l A ir C oo n te n t

( 3 8 1  ) S p e cifica tio n  o f S u p e rp la s tic iz e d  C o n cre te  II
( 3 9 0  ) S u p e rp la s ticiz e r

P ro p o sa l

F
lo

w

F low

S
lu

m
p

C a s e  o f Ja p a n

B a se  C o n cre te
A E  A g e n t
A E  C o n cre te
S lu m p  8 + -1
A ir( %  )  4 + -0 .5

S u p e rp la s tic iz e d  C o n cre te
S lu m p   1 8 + -1 cm

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

1 5  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

N o  S e g re g a tio ns/a

S a m e  C o m p a n y

( 3 9 1  ) H ig h -ra n g e  W a te r R e d u cin g  A g e n t - S u p e rp la s ticiz e r
P ro p o sa l

F
lo

w

F low

S
lu

m
p

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

S u p e rp la s tic iz e r o r
  H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

( 1  )  W a te r R e d u cin g  R a tio  ------( 2 0 --3 0 %  )
( 2  )  N o  E n tra in e d  A ir 
( 3  )  N o  A b n o rm a l S e ttin g ,N o  A b n o rm a l H a rd e n in g
( 3  )  N o  C o rro s io n

( 3 9 2  ) C a u se s  o f S lu m p  D iffe re n ce  o f S u p e rp la s ticiz e d  C o n cre te

F
lo

w

F low

S
lu

m
p

B a s e  C o n cre te
A E  C o n cre te
S lu m p  8 + -1
A ir( %  )  4 + -0 .5

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

( 1  ) Typ e s  o f S u p e rp la s tic iz e r a n d  Q u a n tity
( 2  ) Typ e s  o f C e m e n t a n d  A g g re g a te
( 3  ) S lu m p  o f B a se  C on cre te
( 4  ) D o sa g e  T im e  o f S u p e rp la s tic iz e r
( 5  ) C o n cre te  Te m p e ra tu re

( 3 9 3  ) C a u se s  o f S lu m p  D iffe re n ce  o f S u p e rp la s ticiz e d  C o n cre te

F
lo

w

F low

S
lu

m
p

B a s e  C o n cre te
A E  C o n cre te
S lu m p  8 + -1
A ir( %  )  4 + -0 .5

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t



(435) Superplasticizer-6

( 3 9 8  ) E ffe ct o f S u p e rp la s tic iz e r  ( I I  )

B a tch in g  P la n t

S
lu

m
p 

(
cm

 )

D o sa g e  o f S u p e rp la s tic iz e r 

      F o rw a rd   D o sa g e
      o f S u p e rp la s tic iz e r a t B P  

P o s t D o sa g e  o f S u p e rp la s tic iz e r a t S ite

A g g re g a te

C e m e n t P a rtic le s

S u rfa ce  W a te r
A g g re g a te

C e m e n t 
P a rtic le s

S u rfa ce  W a te r

       S u p e rp la s tic iz e r 

D is p e rs e

( 3 9 4  ) D o a sa g e  C o n te n t o f S u p e rp la s tic iz e r a n d  S lu m p  o r F lo w

F
lo

w

F lo w

S
lu

m
p

B a s e  C o n cre te
A E  C o n cre te
S lu m p  8 + -1
A ir( %  )  4 + -0 . 5

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

6

8

1 0

1 2

1 4

1 6

1 8

2 0

2 2

2 4

2 6

2 8

0 0 . 2
0 . 4

0 . 6
0 . 8

1 . 0 1 . 2
1 . 4

1 . 6
1 . 8

2 0

3 0

4 0

5 0

6 0

7 0

8 0

B a se  C o n cre te  
S lu m p  8 cm

B a se  C o n cre te  S lu m p  1 2 cm

F
lo

w
 (

cm
 )

D o s a g e  C o n te n t o f S u p e rp la s tic iz e r ( %  )

S
lu

m
p 

(
cm

 )

F lo w

S lu m p

F lo w  Te s t (  D IN  )
F lo w  V a lu e  is  p ro p o rtio n  to  D o sa g e

S lu m p  is  n o t p ro p o rtio n  to  D o sa g e  o ve r S lu m p  2 1 cm
S lu m p  is  p ro p o rtio n  to  D o s a g e   w ith in  S lu m p  2 1 cmP la s tic

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

D o a s a g e  C o n te n t o f S u p e rp la s tic iz e r a n d  S lu m p  o r F lo w

5

1 0

1 5

2 0

2 5

1 0 2 0 3 0 4 0 5 0 6 0 7 0

D IN  F lo w  ( cm  )

S
lu

m
p 

(
cm

 )

K 1 K 2 K 3

 F lu id iz e d  C o n cre te

 F
lu

id
iz

ed
 C

on
cr

et
e

K 1 ( H a rd    )       : F lo w  V a lu e   ( D IN  ) b e lo w  3 0 cm

K 2 ( P la s tic  )     : F lo w  V a lu e   ( D IN  ) 3 1 -4 0 cm

K 3 ( S o ft  )         : F lo w  V a lu e   ( D IN  ) 4 1 -5 0 cm

( 4 3 5  ) S u p e rp la s tic iz e r -6

( 3 9 7  ) E ffe ct o f S u p e rp la s tic iz e r o r H ig h  R a n g e  W a te r R e d u cin g  A g e n t

C e m e n t P a rtic le

S u p e rp la s tic iz e r
E ffe ctive
F rictio n

W a te r
D is p e rs e

W a te r R e le a se



(436) Superplasticizer-7

No
Types of 
Concrete

Slump(B
ase 

Concrete
)

Air
water 

cement 
ratio

sand 
percenta

ge
Water Cement

Design 
Strength 
28days

Base 
Concrete 
Admixtur

e

Superplas
ticizer

Remarks

(SL) W/C s/a W
cm (%) (%) (%) (Kg/m3) (Kg/m3) (N/mm2) C*(  %)

1 Plain Concrete 21 1 70 48 210 300 21
2 AE Concrete(Soft)21 4 61 46 183 300 23 AE Water Reducing Ajentsoft
3 Base Concrete 15 4 55 46 165 300 28 AE Water Reducing Ajent

4
Superpla
sticized 
Concrete

21 4 55 46 165 300 28 AE Ajent
Superpla
sticizer

( 3  ) B a se  C o n cre te
    
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )

( 4 0 3  ) S tre n g th  C o m p a ris o n  o f C o n cre te  

( 1  ) P la in  C o n cre te

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u cin g  A g e n t
P la in  C o n cre te

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

a fte r P o u rin g  S u p e rp la s tic iz e r

        ( 4  ) S u p e rp la s tic iz e d  C o n cre te  

   
 ( 2  ) A E  C o n cre te -S o ft   

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )

( 3 9 9  ) B le e d in g  o f S u p e rp la s tic iz e d  C o n cre te  

B a se  C o n cre te
S lu m p = 8 + -2 . 5 cm
A E  C o n cre te    

( A ir E n tra in e d  C o n cre te  )
 b y  A E  A g e n t 
o r A E  W a te r R e d u cin g  A g e n t )
W = 1 6 0 -1 7 5  k g /m 3

B a se  C o n cre te
S lu m p = 8 + -2 . 5 cm

N o  E n tra in e d  A ir C o n cre te    
 N o  A E  A g e n t 
 o r N o   A E   W a te r R e d u cin g  A g e n t
P la in  C o n cre te
W = 1 8 0 -1 9 5  K g /m 3

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t S ite

S lu m p = 1 8 + -2 . 5 cm

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

P la s tic

S a g g in g

E d g e

S ite
S lu m p = 1 8 + -2 . 5 cm

P la s tic
S a g g in g

E d g e

B a tch in g  P la n t
S lu m p = 2 1 + -1 cm

A g g re g a te
C e m e n t p a s te

W a te r
B le e d in g

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u cin g  A g e n t

S e g re g a tio n

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

3 0  M in u te 's  
a fte r P o u rin g  S u p e rp la s tic iz e r

        S u p e rp la s tic iz e d  C o n cre te  

        A tte n tio n -
                 B le e d in g

( 4 3 6  )  S u p e rp la s tic iz e r-7



(437) Concrete-1

( 2 7  ) C o n cre te  C o m p o n e n ts

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

C e m e n t

C o n cre te

( 4 3 7  ) C o n cre te -1
( 2 8  ) C o n cre te  V o lu m e

F in e  A g g re g a te ( 2 5 ~ 3 0 %  )

C o a rse  A g g re g a te ( 3 0 ~ 5 0 %  )

W a te r   ( 1 4 ~ 2 4 %  )  

C e m e n t ( 7 ~ 1 5 %  )

C o n cre te  1 m 3

A ir  ( 1 ~ 8 %  )

( 2 9  ) C o n cre te  V o lu m e -1

F in e  A g g re g a te ( 2 5 ~ 3 0 %  )

C o a rse  A g g re g a te ( 3 0 ~ 5 0 %  )

W a te r   ( 1 4 ~ 2 4 %  )  

C e m e n t ( 7 ~ 1 5 %  )

C o n cre te  V o lu m e  1 m 3

A ir  ( 1 ~ 8 %  )
A ir E n tra in e d  C o n cre te ( A ir 4 ~ 8 % )
N o n -a ir-e n tra in e d  C o n cre te ( A ir 1 ~ 3 % )

R ich  M ix  ( C e m e n t C o n te n t 1 5 %  )
Le a n  M ix  ( C e m e n t C o n te n t 7 %  )

( 3 0  ) C ro ss  S e ctio n  o f H a rd e n e d  C o n cre te

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

A ir  

( 3 3  ) W o rka b le  C o n cre te

       W o rka b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n



(438) Concrete-2

( 3 4  ) B le e d in g   W a te r

A g g re g a te

B le e d in g  
 W a te r

B le e d  W a te r o n  th e  su rfa ce  o f a  
fre sh ly  p la ce d  co n cre te  s la b

C e m e n t P a s te
A g g re g a te

 
P le n ty   W a te r

 
( 2  )

C e m e n tp a s te

N on e  P la s tic
S e g re g a tio n

W a te r

N on e  P la s tic

S e g re g a tio n

( 4 3 8  ) C o n cre te -2

( 3 5  ) G o o d  C o n so lid a tio n  a n d  P o o r C o n so lid a tio n

G o o d  C o n so lid a tio n  P o o r C o n so lid a tio n

H o n e y C o m b

( 5 1  ) C h lo rid e

A C I 3 1 8

P e rce n ta g e s  b y  m a s  o f ce m e n t

P re s tre s s e d  C o n cre te                                                                                        0 . 0 6 %

R e in fo rce d  co n cre te   e xp o se d  to  ch lo rid e  in  s e rv ice                                         0 . 1 5 %

O th e r re in fo rce d  co n cre te  co n s tru ctio n                                                             0 . 3 0 %

R e in fo rce d  co n cre te   th a t w ill b e  d ry  o r p ro te cte d  fro m  m o is tu re  in  s e rv ice      1 . 0 0 %

( 5 5  ) C o n cre te

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

A ir  

E n tra p p e d  A ir

A d m ix tu re
 E n tra in e d  A ir

A cce ra tin g
R e ta rd in g
W o rk a b ility
R e d u cin g  W a te r C o n te n t
Im p ro ve  C o m p re ss ive  S tre n g th

( 5 5  ) C o n cre te  M a te ria l(  1   )

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z zo la n  C e m e n t,S ilica  
                             C e m e n t,F ly  A sh  C e m e n t )
S p e cia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

A g g re g a te
S a n d
C ru sh e d  S a n d
G ra ve l
C ru sh e d  S to n e

C o n cre te

( 5 6  ) C o n cre te  M ix  P ro p o rtio n  

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

A ir  

E n tra p p e d  A ir

A d m ix tu re
 E n tra in e d  A ir

A cce ra tin g
R e ta rd in g
W o rk a b ility
R e d u cin g  W a te r C o n te n t
Im p ro ve  C o m p re ss ive  S tre n g th

E co n o m y

D u ra b ilityS tre n g th
( 5 9  ) C o n cre te  M ix  P ro p o rtio n

( F in is h a b ility  )

( S tre n g th  )
( D u ra b ility  )

( F in is h  )

G ra d in g  o f A g g re g a te ,  S h a p e
C e m e n t C o n te n t ,  E n tra in e d  A ir
A d m ix tu re



(439) Concrete-3

( 6 3  ) D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t

S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  Th a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

( 4 3 9  ) C o n cre te -3
( 1 0 3  ) A C I 2 1 1 .1  D e s ig n  o f C o n cre te  M ixe s ( 3  )

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

T ria l M ix  -La b o ra to ry

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n

T ria l M ix  -La b o ra to ry  d a ta
1  G ra d in g  o f F in e  o r C o a rse  A g g re g a te
2  S p e cific G ra v ity
3  A b so rp tio n
4  D ry  C o m p a ctin g  U n it W e ig h t o f C o a rse  A g g re g a te
5  S p e cific G ra v ity   o f C e m e n t

 

( 1 0 4  ) A C I 2 1 1 .1  D e s ig n  o f C o n cre te  M ixe s ( 4  )

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

T ria l M ix  -La b o ra to ry

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

M ix  P ro p o rtio n

T ria l M ix  -La b o ra to ry  d a ta
1  G ra d in g  o f F in e  o r C o a rse  A g g re g a te
2  S p e cific G ra v ity
3  A b so rp tio n
4  D ry  C o m p a ctin g  U n it W e ig h t o f C o a rse  A g g re g a te
5  S p e cific G ra v ity   o f C e m e n t

E n tra p p e d  A ir ( A d m ix tu re  )
      
                Im p ro ve

W o rka b ility  a n d  D u ra b ility  o f C o n cre te

 

W /C -sa m e
> C e m e n t C o n te n t    3 3 5 kg /m 3
S tre n g th -D e cre a se
< C e m e n t C o n te n t     2 5 0 kg /m 3
S tre n g th  -In cre a se

( 1 0 7  ) A C I 2 1 1 .1  D e s ig n  o f C o n cre te  M ixe s ( 7  )
             W a te r C o n te n t

S tre n g th

D u ra b ilityW o rka b ility

M in im u m  W a te r C o n te n t

C o n s is te n cy      
U n it W a te r C o n te n t

P a rtic le  S iz e

G ra d in gG m a x

( 1 5 9  ) U n it W e ig h t

A ir D rie d  S ta te

U n it W e ig h t

U n it W e ig h t         S p e cific G ra v ity ,  G ra d in g ,  D e g re e  o f C o m p a ctio n ,W a te r C o n te n t

E ffe ct

U n it W e ig h t        

F in e  A g g re g a te                                    1 4 5 0 -1 7 0 0  k g /m 3

C o a rse  A g g re g a te                                1 5 5 0 -1 8 5 0 kg /m 3

C o m b in e d  A g g re g a te                           1 7 5 0 -2 0 0 0 kg /m 3  

( 1 6 1  ) P e rce n ta g e  o f V o id  R a tio  o f A g g re g a te

F in e  A g g re g a te          3 0 -4 5  %

C o a rse  A g g re g a te     3 0 -4 0  %



(440) Concrete-4

( 1 8 2  ) F re s h  C o n cre te

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a s y  C o m p a ctin g

W o rk a b le  
C o n cre te N o  s e g re g a tio n

( 4 4 0  ) C o n cre te -4

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

C e m e n t P a s te

M o rta r

C o n cre te

( 1 7 8  ) C o n cre te ( 1 7 9  ) G o o d  P o in t o f C o n cre te

1  C o m p re s s ive  S tre n g th -B ig
   T e n s ile  S tre n g th -S m a ll

 F o rce

 
   T e n s ile  S tre n g th

  C o m p re s s ive  S tre n g th
   

 
   G o o d  D u ra b ility

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

2  M ix in g  a t S ite 3  E a s y  T ra n s p o rta tio n

4    M a n y  T yp e  o f S h a p e 5    E a s y  M a in te n a n ce

S te e l B rid g e

C o n cre te  B rid g e
6  G ra v ity  W a ll

E a rth  P re s s u re

W e ig h t

( 1 8 0  ) B a d  P o in t o f C o n cre te

1     T e n s ile  S tre n g th -S m a ll

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

2   Lo n g  C u rin g  D a y  u n til H a rd e n in g

4  D ifficu lt D is p o s a l C o n cre te  

F o rce

C ra ck s

3   C ra ck s  b y  D ry  S h rin k a g e

  C ra ck s  

( 1 8 1  ) U s e s  o f C o n cre te

B re a kw a te r C o n s tru ctio n

B rid g e B u ild in g

D a m

T u n n e l
R ive r C o n s tru ctio n

P la n t T re e s
a fte r cu ttin g  T re e s

M y  D u ty



(441) Concrete-5
( 4 4 1  )  C o n cre te  -5

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

C o n cre te

A d m ix tu re

C e m e n t

A g g re g a te  
C h a ra cte ris tic

A d m ix tu re  
C h a ra cte ris tic C e m e n t 

C h a ra cte ris tic

1  M ix  P ro p o rtio n
   T yp e  o f S tru ctu re
   D e s ig n  S tre n g th
   D e s ig n  S lu m p

2  C o rre ct M e a s u rin g
   S u ffic ie n t M ix in g
   

3  M a te ria l
    N o  W e a th e rin g  C e m e n t

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n

       U n ifo rm ity
       F lu id ity
       E a s y  C o m p a ctin g
       N o  D ro p

4  G o o d  C o n ce rn in g

B re a k w a te r C o n s tru ctio n

B rid g e B u ild in g

D a m

T u n n e l
R iv e r C o n s tru ctio n

P la n t T re e s
a fte r cu ttin g  T re e s

M y  D u ty

5  E co n o m y

( 1 8 3  ) G o o d  C o n cre te  
( 1 8 4  ) W o rk a b ility

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a s y  C o m p a ctin g

W o rk a b le  
C o n cre te N o  s e g re g a tio n

C o n cre tin g  a cco rd in g  to  C o n s is te n cy
N o  S e g re g a tio n

C e m e n t 
1  T yp e
2   F re s h
3  C o n te n t
4   N o  S e g re g a tio n

A g g re g a te
1  G ra d in g
2  S iz e  o f P a rtic le

W a te r
1   A d m ix tu re
2  T e m p e ra tu re

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

C o n cre te

( 1 8 7  ) F in is h a b ility

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a s y  C o m p a ctin g

W o rk a b le  
C o n cre te N o  s e g re g a tio n

E a s in e s s  o f C o n cre te  F in is h in g

E ffe cte d  b y  
1  G m a x
2  s /a
3  G ra d in g  o f S a n d
4  C o n s is te n cy



(442) Concrete-6

( 2 0 5  ) W a te r tig h tn e s s

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

W a te r Le a k a g e       1    M ix  P ro p o rtio n  D e s ig n  
                                 N o t P ro p e r

                            2   U n p ro p e rly  C o n s tru ctio n

1  W o rk a b le  C o n cre te
2  U n ifo rm ity
3   N o  S e g re g a tio n

T re a tm e n t

( 1 8 8  ) S e g re g a tio n

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

( 4 4 2  ) C o n cre te -6
( 1 8 9  ) A ir C o n te n t

A E  A g e n t           E n tra in e d  A ir
                          1  Im p ro ve  W o rk a b ility
                          2  D e cre a s e  B le e d in g
                          3  Im p ro ve  R e s is tin g  to  F re e z in g  a n d  th a w in g  A ctio n
                          4  D e cre a s e  W a te r C o n te n t
                          5  C o ld  -W e a th e r C o n cre tin g
                          6  D e cre a s e  S e g re g a tio n

B a ll B e a rin g

S tre n g th

D u ra b ility

W o rk a b ility

D e cre a s e  B o n d  S tre n g th

D e cre a s e  U n it W e ig h t

D e cre a s e  S tre n g th  a  little

G o o d  P o in t B a d  P o in t

( 2 0 3  ) U n it W e ig h t

 B ig  S e ttle m e n t

 G ra v ity  W a ll

E a rth  P re s s u re

W e ig h t

P la in  C o n cre te                     2 3 0 0 -2 3 5 0  k g /m 3
R e in fo rce d  C o n cre te            2 4 0 0 -2 5 0 0 k g /m 3
L ig h t W e ig h t C o n cre te         1 5 0 0 -2 0 0 0 k g /m 3

1 m

1 m
1 m

H e a vy  W e ig h t
G o o d  S ta b ility

 B ig  F o u n d a tio n

H e a vy  W e ig h t

( 2 0 4  ) D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t

S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  T h a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n



(443)  Concrete-7

( 2 0 6  ) V o lu m e tric  C h a n g e

1 m

1 m
1 m R a te  o f E x p a n s io n  o f C o n cre te

7 -1 3 *0 . 0 0 0 0 0 1 /D e g re e

R a te  o f E x p a n s io n  o f S te e l
7 -1 3 *0 . 0 0 0 0 0 1 /D e g re e

C o n cre te

S te e l

A lm o s t S a m e

( 4 4 3  ) C o n cre te -7
( 2 0 7  ) M o d u lu s  o f E la s tic ity

P

l

l

A      Y o u n g 's  M o d u lu s = S tre s s /S tra in

     S tra in = l
l

     S tre s s = P /A

A

B

C

O D E

     S tre s s = P /A

    E la s tic   S tra in
     R e ta in e d  
     S tra in

     S tra ig h t L in e

     S m o o th  C u rb e     T a k e  O u t S tre s s  a t P o in t A
     R e tu rn  to  A -C -O
     N o t A -B -O

     S tra in = l
l

    C o n cre te  N o t P e rfe ct E la s tic ity

    T a k e  O u t E x te rn a l F o rce ( P  ) ,
     R e tu rn  to  O rig in a l S h a p e .

     7 5 %  o f 
C o m p re s s iv e  S tre n g th

( 2 2 4  ) U n it F in e  A g g re g a te  a n d  U n it C o a rs e  A g g re g a te

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

C o n cre te  1 m 3 ( 1 0 0 0 l)
A ir

s /a = S a n d  P e rce n ta g e
= F in e  A g g re g a te ( V o lu m e ) /( F in e  A g g re g a te  V o lu m e + C o a rs e  A g g re g a te V o lu m e )

W a te r   

C e m e n t 

F in e  A g g re g a te

C o a rs e  A g g re g a te

( 2 4 3  ) R u le  o f C o n s ta n t U n it W a te r C o n te n t
 

S lu m p

W a te r

C e m e n t

S a n d  a n d  
A g g re g a te

S lu m p  is  e ffe cte d  b y  W a te r
1  W a te r C o n te n t = C o n s ta n t
2  s /a = C o n s ta n t
3  C e m e n t C o n te n t , S a n d  a n d  
A g g re g a te  C o n te n t a re  C h a n g e d

S lu m p = C o n s ta n t

( 2 5 0  ) W a te r tig h tn e s s

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

W a te r L e a k a g e       1    M ix  P ro p o rtio n  D e s ig n  
                                 N o t P ro p e r

                            2   U n p ro p e rly  C o n s tru ctio n

1  W o rk a b le  C o n cre te
2  U n ifo rm ity
3   N o  S e g re g a tio n

T re a tm e n t

W a te r T a n k ,D a m
W /C  -B e lo w  5 5 %

C o n cre te  -H yd ra tio n
R e q u ire d
W /C
2 0 -2 5 %

W /C -S m a ll
S u ffic ie n t C o m p a ctio n
W e t C u rin g                              W a te r tig h tn e s s



(444) Concrete-8

( 3 3 8  ) M a s s  C o n cre te

F o u n d a tio n
C e m e n t C ra ck s

1  C o n tro llin g  o f T e m p e ra tu re  C ra ck s
  1  R e in fo rce m e n t 
  2  C ra ck  Jo in t
  3  P re -C o o lin g
  4  P ip e -C o o lin g  

2  C o n cre te  M ix in g
     M in im u m  C e m e n t C o n te n t W ith in  R e q u ire d  W o rk a b ility
     a n d  D e s ig n e d  C o m p re s s ive  S tre n g th
     R e d u ce  H yd ra tio n  H e a t
    1  C e m e n t H e a t P o rtla n d  C e m e n t
                     B la s t C e m e n t 
                     S ilica  C e m e n t
                     F lya s h  C e m e n t  
    2  D e s ig n e d  C o m p re s s ive  S tre n g th  9 1  d a ys

( 4 4 4  )  C o n cre te -8

( 3 3 7  ) H o t W e a th e r C o n cre te

O ve r A ve ra g e  T e m p e ra tu re  2 5  d e g re e

a  M a te ria l 
1   A g g re g a te :P ro te ct fro m  S u n sh in e ,S p re a d  W a te r
2   A d m ix tu re
3  U n it W a te r a n d  U n it C e m e n t W a te r C o n te n t w ith in  R e q u ire d  W o rk a b ility
4  C o o lin g :A g g re g a te :  2  d e g re e
                W a te r T e m p e ra tu re : 4  d e g re e
                C e m e n t: 8  d e g re e
b  E x cu tio n
1  T ra n s p o rta tio n :N o t S lu m p  Lo s s
2  F o rm s   R e in fo rce m e n t:S p re a d  W a te r
3  C o n cre tin g  T im e  :  1 -1 . 5  h o u rs  fro m  M ix in g
4  C o n cre tin g  T e m p e ra tu re : b e lo w  3 5  d e g re e
5  C o ld  Jo in t: E a rly  S e ttin g  T im e
                    M a s s  C o n cre te :R e ta rd e r
6  C u rin g :A vo id  S u n s h in e ,P ro te ct C o n cre te  fro m  W in d
              2 4  h o u rs  W e t C u rin g
              5  d a ys  C u rin g
 

D o w n  C o n cre te  T e m p e ra tu re  1  d e g re e



(445) Concrete-9

( 3 3 9  ) C o n cre te  u n d e r W a te r

1  6 0 %  C o m p re s s ive  S tre n g th  
2  N o t F it fo r D a m  C o n cre te  a n d  R e in fo rce d  C o n cre te

M e th o d s
1  T re m ie  
2  C o n cre te  P u m p
3  V e lo c ity  o f F lo w  :  3 m /m in u te

C o n cre te

T re m ie

C o n cre te

C o n cre te  P u m p

( 4 4 5  ) C o n cre te  -9

( 3 4 0  ) P re p a ck e d  C o n cre te

C o n cre te  P u m p
F lu id iz e d  M o rta r

A g g re g a te

( 3 4 1  ) F lu id iz e d  C o n cre te

( 1  )  S u p e r  P la s tic iz e r
         S ta n d a rd  T yp e  a n d  R e ta rd e r T yp e

( 2  )  M ix  P ro p o rtio n
         B a s e  C o n cre te + S u p e r P la s tic iz e r
         B a s e  C o n cre te :A E  C o n cre te

( 3  )  S lu m p  
         1   b e lo w  1 8 cm
         2   in cre a s e  in  1 0 cm  b y  S u p e r P la s tic iz e r
         3  B a s e  C o n cre te  S lu m p : o ve r 5 -6  cm
            F u id iz e d  C o n cre te  S lu m p : 8 -1 2  cm

( 4  )  M ix  P ro p o rtio n
         1  S u p e r P la s tic iz e r ( A d d itiv e  C o n te n t )
            b e lo w  0 . 5 %  o f C e m e n t
            Ig n o re  V o lu m e  o f  S u p e r P la s tic iz e r
         2  M ix  P ro p o rtio n  T a b le       
            T yp e , T ra n s p o rta tio n  T im e  a n d  P u m p

( 5  )  F lu id iz e d  C o n cre te
         1  A d d  S u p e r P la s tic iz e r to  B a s e  C o n cre te  a t S ite
         2  A d d  S u p e r P la s tic iz e r to  B a s e  C o n cre te  a t B a tch  P la n t
    

( 3 4 3  ) S e g re g a tio n

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

N o t P ro p e r M ix  P ro p o rtio n
1  T ra n s p o rta tio n
2  U n p ro p e r C o n s tru ctio n  ,O ve r C o m p a ctin g
   -S e g re g a tio n
3  B le e d in g -B o n d  S tre n g th  b e tw e e n  R e in fo rce m e n t a n d  F o rm s  -D e cre a s e
   W a te rtig h tn e s s -D e cre a s e
4  G  M a x -B ig g e r-S e g re g a tio n  In cre a s e
5  A E  A g e n t,A E  W a te r R e d u c in g  A g e n t-R e s s is t S e g re g a tio n

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

 
P le n ty   W a te r

E d g e

 
( 2  )

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic



(446) Concrete-10

( 3 4 4  ) W o rk a b ility

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n       U n ifo rm ity

       F lu id ity
       E a s y  C o m p a ctin g

W o rk a b le  
C o n cre te N o  s e g re g a tio n

C o n cre tin g  a cco rd in g  to  C o n s is te n cy
N o  S e g re g a tio n

C e m e n t 
1  T yp e
2   F re s h
3  C o n te n t
4   N o  S e g re g a tio n

A g g re g a te
1  G ra d in g
2  S iz e  o f P a rtic le

W a te r
1   A d m ix tu re
2  T e m p e ra tu re

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r

C e m e n t

A d m ix tu re

C o n cre te

C o n s is te n cy

R e s is tin g   
S e g re g a tio n

( 4 4 6  ) C o n cre te -1 0 ( 3 4 9  ) W a te r tig h tn e s s

N o t W o rk a b le  
C o n cre te

 s e g re g a tio n

S e g re g a tio n

E ffe cte d  b y  
1  P le n ty  W a te r
2  D ro p p in g  C o n cre te
3  N o t E n o u g h  C o m p a ctin g

H o n e yco m b

H o n e yco m b

 s e g re g a tio n

W a te r L e a k a g e       1    M ix  P ro p o rtio n  D e s ig n  
                                 N o t P ro p e r

                            2   U n p ro p e rly  C o n s tru ctio n

1  W o rk a b le  C o n cre te
2  U n ifo rm ity
3   N o  S e g re g a tio n

T re a tm e n t

W a te r T a n k ,D a m
W /C  -B e lo w  5 5 %

C o n cre te  -H yd ra tio n
R e q u ire d
W /C
2 0 -2 5 %

W /C -S m a ll
S u ffic ie n t C o m p a ctio n
W e t C u rin g                              W a te r tig h tn e s s

Le a k a g e
1  N o t P ro p e r C o n cre tin g
2  P ro p e r M ix  P ro p o rtio n
   ( Im p o rta n t )
3  W /C  a n d  G M a x  e ffe ct  W a te rtig h tn e s s

fig -1 2  W /C  a n d  W a te rtig h tn e s s

P
e

rm
ia

b
il
it
y
  

C
o

e
ff

ic
ie

n
t(

ft
/s

e
c
)

W a te r C e m e n t R a tio ( %  )

G m a x  4 0 m m

0 . 4 0 . 7

( 3 5 0  ) D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t

S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  T h a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C a rb o n a tio n
C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

L o s t A lk a li

C o n cre te

A lk a li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  T h a w in g  A ctio n --A E  C o n cre te
2  S e a  W a te r--------------------------F lya s h  C e m e n t.B
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F lya s h  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d ic in e

( 3 5 2  ) A ir C o n te n t a n d  D u ra b ility

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t
      C o n cre te 's  A lk a li---S ilica  M in e ra l
                                R e a ct
S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  T h a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C a rb o n a tio n
C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

Lo s t A lk a li

C o n cre te

A lk a li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  T h a w in g  A ctio n --A E  C o n cre te
2  S e a  W a te r--------------------------F ly a s h  C e m e n t.
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F ly a s h  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d ic in e

C o n cre te  E x p a n d

T re a tm e n t
1  U s e  L o w  A lk a li C e m e n t
2  F ly a s h  C e m e n t,B la s t F u rn a n ce  C e m e n t
   A ir C o n te n t( %  )

D
u

ra
b

il
it
y

2 ( %  ) 5 ( %  )

D u ra b ility -B ig



(447)  Concrete-11

( 3 5 1  ) A lk a li-A g g re g a te  R e a ctio n

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t
      C o n cre te 's  A lk a li---S ilica  M in e ra l
                                R e a ct
S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  Th a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C a rb o n a tio n
C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

Lo s t A lk a li

C o n cre te

A lk a li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  Th a w in g  A ctio n --A E  C o n cre te
2  S e a  W a te r--------------------------F lya sh  C e m e n t.
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F lya sh  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d ic in e

C o n cre te  E xp a n d

T re a tm e n t
1  U se  Lo w  A lk a li C e m e n t
2  F lya s h  C e m e n t,B la s t F u rn a n ce  C e m e n t
   

( 3 5 3  )  C h lo rid e  C o n te n t

F re e z in g
W e t
H e a t
C h e m ica l M e d ic in e
Ice

A lk a li-A g g re g a te  re a ctio n
      A lk a li C e m e n t
      C o n cre te 's  A lk a li---S ilica  M in e ra l
                                R e a ct
S e a  W a te r
      S u lfa te  R e s is tin g  P o rtla n d  C e m e n t

F re e z in g  a n d  Th a w in g  A ctio n
       A E  C o n cre te -E tra in e d  A ir

A b ra s io n
A b ra s io n

C a rb o n a tio n
C O 2 + C a ( O H  ) 2 = C a C O 3

R e in fo rce m e n t B a r

Lo s t A lk a li

C o n cre te

A lk a li

R u s t

T re a tm e n t

W /C -S m a ll

1  F re e z in g  a n d  Th a w in g  A ctio n --A E  C o n cre te
2  S e a  W a te r--------------------------F lya sh  C e m e n t.
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
3  S e w a g e  ----------------------------F lya sh  C e m e n t
                                                   B la s t-fu rn a n ce  s la g  ce m e n t
4  C h e m ica l  M e d ic in e

C o n cre te  E xp a n d

T re a tm e n t
1  U se  Lo w  A lk a li C e m e n t
2  F lya s h  C e m e n t,B la s t F u rn a n ce  C e m e n t
   A ir C o n te n t( %  )

D
u

ra
b

ili
ty

2 ( %  ) 5 ( %  )

D u ra b ility-B ig

R e in fo rce m e n t B a rC o n cre te
C h lo rid e  Io n

R u s t T re a tm e n t
1  U se  T o ta l C h lo rid e  Io n  C o n te n t-Lo w
2  Lo w  S lu m p
  Lo w  W /C
3  P ro p e r C u rin g  a n d  P ro p e r C o m p a ctio n
4  P a in tin g  C o n cre te  S u rfa ce



(448) W/C-1

( 3  ) W a te r C e m e n t R a tio  a n d  
         C om p re ss ive  S tre n g th

C om p re ss ive  S tre n g th
 a t 2 8  d a ys ,M p a

W a te r C e m e n titio u s  m a te ria ls  ra tio  b y m a ss

N on e -a ir-e n tra in e d  co n cre te A ir E n tra in e d  C o n cre te
4 5

4 0

3 5

3 0

2 5

2 0

1 5

4 0

3 5

3 0

2 5

2 0

1 5

4 0

3 5

3 0

2 5

2 0

1 5

0 .3 00 .3 8

0 .4 2

0 .4 7

0 .5 4

0 .6 1

0 .6 9

0 .7 9

0 .3 4

0 .4 7

0 .5 4

0 .6 1

0 .6 9

0 .7 9

0 .3 9

0 .4 5

0 .5 2

0 .6 0

0 .7 0

A S TM  C  3 1 ,
A C I 2 1 1 .1
a n d  A C I 2 1 1 .3 .

0 . 3 0

0 .4 0

0 .5 0

0 .6 0

0 .7 0

0 .8 0

0 .9 0

2 0 3 0 4 00 1 0 5 0 6 0 7 0

A ir E n tra in e d  C o n cre te

N on e -A ir-E n tra in e d  C on cre te

C om p re ss ive  S tre n g th
 a t 2 8  d a ys ,M p a

W
a

te
r 

C
e

m
e

n
ti

ti
o

u
s

 m
a

te
ri

a
ls

 r
a

ti
o

 b
y

 m
a

s
s
(

W
/C

 %
)

( 4 4 8  ) W /C -1
( 3 8  ) C o n cre te  S tre n g th  

A g e  a t te s t, d a ys

C
o

m
p

re
s

s
iv

e
 S

tr
e

n
g

th
  

M
p

a

3  d a ys 2 8  d a ys 1  ye a r 2 0  ye a r

W /C = 0 .7

W /C = 0 .4

C on cre te  co n tin u e s  to  g a in  s tre n g th  fo r 
m a n y  ye a rs  w h e n  m o is tu re  is  p ro v id e d  b y
ra in fa ll 

( 4 0  ) W a te r-C e m e n t R a tio  a n d  C om p re ss ive  S tre n g th ,M p a

C
o

m
p

re
s

s
iv

e
 S

tr
e

n
g

th
  

M
p

a

W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

( 4 1  ) W a te r-C e m e n t R a tio  a n d  H yd ra u lic P e rm e a b ility

W a te r-C e m e n t R a tio

H
y

d
r a

u
l i
c

 P
e

r m
e

a
b

i l
i t
y

7  d a y  m o is t, 9 0  d a ys  in  a ir

1  d a y  m o is t, 9 0  d a ys  in  a ir

C u rin g  is  im p o rta n t

( 5 2  ) W a te r C o n te n t,S lu m p  
          a n d  C e m e n t C on te n t

W a te r C on te n t

C
e

m
e

n
t

 C
o

n
te

n
t

S
lu

m
p

,m
m

W a te r C o n te n t

W /C = 0 .4

W /C = 0 .7

W /C = 0 .5 5

S
L
=
5
0m

m

S
L
=
9
.5

m
m

S
L
=
2
5m

m

( 5 3  ) R e la tio n sh ip  b e tw e e n  S tre n g th  a n d  W /C

C
o

m
p

re
s

s
iv

e
 S

tr
e

n
g

th

                                                  W /C

                                                  C /W

( 5 7  ) C o n cre te  Te ch n o lo g y

( 1  ) C o n cre te  C om p re ss ive  S tre n g th
        -W a te r C e m e n t R a tio

                  W /C

  
  

  
  

  
  

  
  

  
S

tr
e

n
g

th

( 2  ) A ir ( E n tra in e d  A ir ) -D u ra b ility

( 3  ) E co n om y-A d im ix tu re

M ix  P ro p o rtio n



(449) W/C-2
( 4 4 9  ) W /C -2

( 1  ) C o n cre te  C o m p re s s ive  S tre n g th
        -W a te r C e m e n t R a tio

                  W /C

  
  

  
  

  
  

  
  

  
S

tr
e

n
g

th

( 2  ) A ir ( E n tra in e d  A ir ) -D u ra b ility

( 3  ) E co n o m y-A d im ix tu re

M ix  P ro p o rtio n

T ria l M ix  ( La b o ra to ry  )

T ria l B a tch ( B a tch in g  P la n t )

( 5 8  ) C o n cre te  T ria l M ix

( 1 9 7  ) M ix  P ro p o rtio n  a n d  C o m p re s s ive  S tre n g th

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
  

M
p

a

W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r

( 2 1 6  ) W a te r C e m e n t R a tio

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th

                                                  W /C

                                                  C /W

                                                  W /C = x
                                                  C o m p re s s ive  S tre n g th =

A /B ) ^ x

                                                   C o m p re s s ive  S tre n g th =

A + B * C /W  )

                                                   In  C a s e  o f  N o  T ria l M ix

                                                   C /W  )

( 2 1 8  ) W /C  a n d  D u ra b ility

                                                  C o m p re s s ive  S tre n g th         W /C = 5 0 %
                                                  D u ra b ility                              W /C = 6 5 %
                                                  W a te r T ig h tn e s s                   W /C = 5 5 %

M in im u m  V a lu e  5 0 %

( 2 1 9  ) W /C  a n d  W a te r T ig h tn e s s
( 2 4 5  ) W a te r C e m e n t R a tio
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W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

A ir  

C e m e n t P a s te -B o n d -S tre n g th

W /C  E ffe ct S tre n g th ,D u ra b ility  a n d  W a te r T ig h tn e s s

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t

( 2 4 6  ) W a te r C e m e n t R a tio  a n d  S tre n g th  
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W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y  s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e s s  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e s s  a re
   u n p ro p o rtio n  to  U n it W a te r

F in e  A g g re g a te

C o a rs e  A g g re g a te

W a te r   

C e m e n t 

A ir  

C e m e n t P a s te -B o n d -S tre n g th

W /C  E ffe ct S tre n g th ,D u ra b ility  a n d  W a te r T ig h tn e s s

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t
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                                                  W /C

                                                  C /W

                                                  W /C = x
                                                  C o m p re s s ive  S tre n g th =

A /B ) ^ x

                                                   C o m p re s s ive  S tre n g th =

A + B * C /W  )

                                                   In  C a se  o f  N o  T ria l M ix

                                                   C /W  )

                                                  S m a ll C o n s tru ctio n

( 2 5 1  ) W /C  a n d  M ix  P ro p o rtio n  D e s ig n

M in im u m  V a lu e  5 0 %



(450)  W/C-3

( 2 4 5  ) W a te r C e m e n t R a tio

C
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a

W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e ss  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e ss  a re
   u n p ro p o rtio n  to  U n it W a te r

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

A ir  

C e m e n t P a s te -B o n d -S tre n g th

W /C  E ffe ct S tre n g th ,D u ra b ility  a n d  W a te r T ig h tn e ss

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t

( 4 5 0  ) W a te r C e m e n t R a tio -3

( 2 4 6  ) W a te r C e m e n t R a tio  a n d  S tre n g th  
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W a te r-C e m e n t R a tio
W /C = 0 .5 % W /C = 0 .8 5 %W /C = 0 .2 5 %

M p a = 1 0

M p a = 4 0

M p a = 8 0

2 8  d a y s tre n g th  
M o is t cu re d  cy lin d e rs

W /C

C /W

1  W /C  is  u n p ro p o rtio n a l to  S tre n g th
2  C /W  is  p ro p o rtio n a l to  S tre n g th
3  D u ra b ility   a n d  W a te rtig h tn e ss  a re  
   p ro p o rtio n  to  U n it C e m e n t
4  D u ra b ility   a n d  W a te rtig h tn e ss  a re
   u n p ro p o rtio n  to  U n it W a te r

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

A ir  

C e m e n t P a s te -B o n d -S tre n g th

W /C  E ffe ct S tre n g th ,D u ra b ility  a n d  W a te r T ig h tn e ss

c= A /( B ^ x )
x ;W a te r C e m e n t R a tio
A ,B  C o n s ta n t

C
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th

                                                  W /C

                                                  C /W

                                                  W /C = x
                                                  C o m p re ss ive  S tre n g th =

A /B ) ^ x

                                                   C o m p re ss ive  S tre n g th =

A + B * C /W  )

                                                   In  C a se  o f  N o  T ria l M ix

                                                   C /W  )

                                                  S m a ll C o n s tru ctio n

( 3 5 6  ) C /W  a n d  C o m p re ss ive  S tre n g th

C /W ( 2 . 2 7 =1 0 0
4 4 )
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C /W ( 2 . 6 3 =1 0 0
3 8 )  C /W ( 1 . 3 9 =1 0 0

7 2 )  



(451) W/C-4



(452) s/a-1
( 2 2 4  ) U n it F in e  A g g re g a te  a n d  U n it C o a rse  A g g re g a te

F in e  A g g re g a te

C o a rse  A g g re g a te

W a te r   

C e m e n t 

C o n cre te  1 m 3 ( 1 0 0 0 l)
A ir

s/a = S a n d  P e rce n ta g e
= F in e  A g g re g a te ( V o lu m e ) /( F in e  A g g re g a te  V o lu m e + C o a rse  A g g re g a te V o lu m e )

W a te r   

C e m e n t 

F in e  A g g re g a te

C o a rse  A g g re g a te



(453) s/a-2



(454) Air Content-1



(455) Cement in Superplasticized Concrete-1
( 4 5 5  ) C e m e n t in  S u p e rp la s tic iz e d  C o n cre te -1

( 1 1 9  ) C o n cre te  M a te ria l(  1   )
C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z z o la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A s h  C e m e n t )
S p e c ia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

E ffe ct o f S u p e rp la s tic iz e r

 b e fo re  D o s a g e
 a fte r D o s a g e

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z z o la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A s h  C e m e n t )
             
M o d e ra te  H e a t P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

A ir C o n te n t
O rd in a ry  P o rtla n d  C e m e n t A ir C o n te n t N o  C h a n g e

O th e r C o n cre te A ir C o n te n t in  1  %  D e cre a s e

tim e  ( m in u te s  )

E ffe ct o f S u p e rp la s tic iz e r

 S
lu

m
p

 (
c

m
 )

5

1 0

1 5

2 0

3 0 6 0 9 0

S u lfa te  R e s is tin g  P o rtla n d  C e m e n t( typ e -v  )

O rd in a ry  P o rtla n d  C e m e n t ( ty p e -I )

H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t ( ty p e -I I I  )

C 3 A -a  little



(456) Aggregate in Superplasticized Concrete -2
( 4 5 6  ) A g g re g a te  in  S u p e rp la s tic iz e d  C o n cre te -2

G ra d in g  ( m m  )

G ra d in g  C u rve  in  C o m p o u n d  A g g re g a te s

P
a

s
s
in

g
 (

%
 )

U p p e r L im it

L o w e r L im it

( 1  ) G ra d in g  o f D iffe re n t C o m b in a tio n  
        o f F in e  a n d  C o a rs e  A g g re g a te

5  m m

( 2  ) S m a ll P a rtic le s
      ( 1  )  M a x im u m  A g g re g a te  S iz e  o ve r 4 0 m m
                 P a s s in g  A m o u n t in  0 . 3 m m  S ie ve ----o ve r 4 0 0 k g /m 3
                
                 M a x im u m  A g g re g a te  S iz e  o ve r 2 0 m m
                 P a s s in g  A m o u n t in  0 . 3 m m  S ie ve ----o ve r 4 5 0 k g /m 3

       ( 2  ) A m o u n t o f P a s s in g  in  1 . 2 m m  S ie ve
                 C e m e n t C o n te n t o ve r 2 7 0 k g /m 3 ------2 4 -3 5 %
                 C e m e n t C o n te n t b e lo w  2 7 0  k g /m 3 ---o ve r 3 5 %

       ( 3  ) C a s e  -S h o rta g e  o f S m a ll P a rtic le s  in  S a n d
                 U s e  P o z o lla n



(457)  Admixture for Base Concrete in Superplasticized Concrete-3
( 4 5 7  ) A d m ix tu re  fo r B a s e  C o n cre te   in  S u p e rp la s tic iz e d  C o n cre te -3

( 2  ) W a te r R e d u c in g  A g e n t

( 3  ) N o  A d m ix tu re ------P la in  C o n cre te

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

a fte r P o u rin g  S u p e rp la s tic iz e r

S u p e rp la s tic iz e d  C o n cre te  

   
 ( 1  ) A ir E n tra in e d  A g e n t o r A E  W a te r R e d u c in g  A g e n t

B a s e  C o n cre te

( 3 4  ) B le e d in g   W a te r

A g g re g a te

B le e d in g  
 W a te r

B le e d  W a te r o n  th e  s u rfa ce  o f a  
fre s h ly  p la ce d  co n cre te  s la b

C e m e n t P a s te

A g g re g a te

 
P le n ty   W a te r

 
( 2  )

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

S e g re g a tio n

R e d u ce



(458) Superplasticizer in Superplasticized Concrete-4

S u p e rp la s tic iz e r o r
            H ig h -ra n g e  W a te r
            R e d u c in g  A g e n t

a fte r P o u rin g  S u p e rp la s tic iz e r

( 4 5 8  ) S u p e rp la s tic iz e r in  S u p e rp la s tic iz e d  C o n cre te -4

   
          A ir E n tra in e d  A g e n t o r 
          
          A E  W a te r R e d u c in g  A g e n t

   
 S ta n d a rd  T yp e

        A E  W a te r R e d u c in g  R e ta rd e r T yp e           
           
     
           A ir E n tra in e d  W a te r R e d u c in g  R e ta rd e r T yp e
      

   
           A ir E n tra in e d  A g e n t

  

   
 S ta n d a rd  T yp e

   
 S ta n d a rd  T yp e
   
 R e ta rd e r T yp e

C o m b in a tio n  b e tw e e n  S u p e rp la s tic iz e r 
         a n d  A d m ix tu re  in  B a s e  C o n cre te   

                 A d m ix tu re  in  B a s e  C o n cre te   S u p e rp la s tic iz e r 
      

   
 R e ta rd e r T yp e



(459)  Mix Proportion in Superplasticizer Concrete-5

( 4 5 9  ) M ix  P ro p o rtio n  in  S u p e rp la s tic iz e d  C o n cre te -5
D e cid e

( 1  ) B a se  C o n cre te
        M ix  P ro p o rtio n

( 2  ) D o sa g e  in  
         S u p e rp la s tic iz e r

                             S u p e rp la s tic iz e r

S lu m p  1 8 0 + -2 5 m m

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 0 t-2 5 m m
A d m ix tu re  :A E  A g e n t

C
on

si
st

en
cy

 (
S

lu
m

p 
)

W a te r

     S u p e rp la s tic iz e d  

B a se  C o n cre te

B a se  C o n cre te

( A  ) Im p ro ve  W o rka b ility
        W a te r----C o n s ta n t
        

( B  ) R e d u ce  W a te r C o n te n t
        K e e p  W o rka b ility
         

( A  )

( B  )



(460)Cautions of Fresh Concrete
Cautions of  Batching Plant and Concreting
(A) Batching Plant
(1)Prepare Delivery Slip
(2) Check Autographic Record
(3) When Making Test Pieces(Cylinders),Check Water Content Cement Cntent and Superplasticizer especially.
(4)Wait Unloading  when Concrete Condition is Soft,
(5) Target Slump of Batching Plant is 20cm or 21cm,Adjust Slump in 1cm by Adding Water (2-3kg/m3) Increasing or Decreasing
(6) Confirm Washed Water in Mixer before Loading Concrete

(B) Concreting at Site
(1) High Speed Turning Mixer before Unloading
(2) Wait Unloading When Slump over 20.5cm,then Check Condition of Concrete
(3) Adjust Slump(Concrete Condition) if Concrete Condition Hard (Slump below 15.5cm) by using Superplasticizer
(4) Transportation Time over 90 Minutes', Check Condition of Concrete.

( 3 6 6  ) A tte n tio n  o f F re sh  C o n cre te
( 1  ) Q u a lity  Te s t

( 2  ) U n lo a d in g  C o n cre te  w ith in  1 . 5  H o u rs ,
       if o ve r 1 . 5  H o u rs ,C o n su lt w ith  E n g in e e r

( 3  ) R e m ix in g

( 4  ) M a in ta in  A cce ss  R o a d

( 5  ) C o n s id e r S lu m p  Lo ss  

( 6  ) C h e ck  A cce ss  R o a d  R o u te ,
        U n lo a d in g  P o s itio n  a n d  Lo a d in g  T im e

B a tch in g  P la n t

( 7  ) C h e ck  W a sh e d   W a te r 
          b e fo re  Lo a d in g

( 8  ) H ig h  S p e e d  M ix in g  
          b e fo re  U n lo a d in g



(461) Slump in Superplasticized Concrete-6

( 4 6 1  ) S lu m p  in  S u p e rp la s tic iz e d  C o n cre te -6
                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a se  C o n cre te

                             N o rm a l 
                   C o n cre te

   S lu m p  o f 
    B a se  C o n cre te

   S lu m p  o f 
    S u p e rp la s tic iz e d  C o n cre te

                             8                              1 5

                             8                              1 8

                             1 2                              2 1

                             1 5                              2 1

                             L ig h t 
                   C o n cre te

                             1 5

                           

                              2 1 , 2 2

                              1 8



(462) Sand Percentage(s/a) in Superplasticized Concrete-7

( 4 6 2  ) S a n d  P e rce n ta g e ( s /a  )  in  S u p e rp la s tic iz e d  C o n cre te -7

                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a s e  C o n cre te

( 4 0 1  ) P u m p a b ility  o f S u p e rp la s tic iz e d  C o n cre te

       W o rk a b le  C o n cre te  S h o u ld  F lo w
          in to  P la ce  W ith o u t S e g re g a tio n

W o rk a b le  
C o n cre te

C o n cre tin g  a cco rd in g  to  C o n s is te n cy
N o  S e g re g a tio n

T re m ie  P ip e

W o rk a b le  
C o n cre te

P la s tic

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p s e

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

G o o d  P u m p a b ility  

B a d  P u m p a b ility

T ria l M ix  
S u p e rp la s tic iz e d  T e s t

D e c id e  s /a  
K e e p  P u m p a b ility  o r W o rk a b ility  
 o f S u p e rp la s tic iz e d  C o n cre te
N o  S e g re g a tio n

D e c id e  ( s /a  )

 s /a  -----In cre a e s
 W a te r--In cre a s e

 s /a  fit fo r



(463) Air Content (a) in Superplasticized Concrete-8

( 4 6 3  ) A ir C o n te n t ( a  )  in  S u p e rp la s tic iz e d  C o n cre te -8

                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a se  C o n cre te

D e cid e

A ir C o n te n t
      

R e d u ce  B le e d in g
Im p ro ve  W o rk a b ility  a n d  P u m p a b ility
N o  S e g re g a tio n
B a se  C o n cre te ----A E  C o n cre te
N o rm a l C o n cre te ---4 %
L ig h t C o n cre te ------5 %



(464) Water Content (w) in Superplasticized Concrete-9
( 4 6 4  ) W a te r C o n te n t ( w  )  in  S u p e rp la s tic iz e d  C o n cre te -9

                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a se  C o n cre te

S lu m p  ( cm  )

W
at

er
 C

on
te

nt
 (

kg
/m

3 
)

S u p e rp la s tic iz e d  C o n cre te

B a se  C o n cre te N o rm a l C o n cre te

1 0  cm 1 5  cm 2 0  cm

1 5 0

1 8 0

1 9 0

1 7 0

1 6 0

R e d u ce  W a te r C o n te n t ( 8 -1 2  % )



(465) Cement Content© and W/C in Superplasticized Concrete-10
( 4 6 5  ) C e m e n t C o n te n t ( c )  a n d  W /C  in  S u p e rp la s tic iz e d  C on cre te -1 0

                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a se  C o n cre te
N o rm a l C o n cre te

D a ys

C
o

m
p

re
ss

iv
e
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(466) Sand Percentage (s/a ) in Superplasticized Concrete-11
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(467) Mix Proportion of Base Concrete in Superplasticized Concrete-12
( 4 6 7  ) M ix  P ro p o tio n  o f B a se  C o n cre te  in  S u p e rp la s tic iz e d  C o n cre te -1 2

                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a se  C o n cre te
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( %  )  
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( %  )  
W

( k g /m 3 )
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( k g /m 3 )  
R e m a rk s

N o rm a l
 C o n cre te

1 5 5 8 4 3 1 6 2 2 8 0

2 1 5 8 4 7 1 8 0 3 1 0

B a se
 C o n cre te

1 5 5 8 4 7 1 6 8 2 9 0

W = 1 6 2 + 1 . 5 ( 4 7 -4 3  ) = 1 6 8
C = C /( W /C  ) = ( 1 6 8 /( 0 . 5 8 ) )
= 2 9 0  ( k g /m 3  )

E xa m p le = R e a d y  M ix e d  C o n cre te  F a cto ry

S u p e rp la s tic iz e d  Te s t
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C

( k g /m 3 )  
R e m a rk s
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1 5 5 8 4 3 1 6 2 2 8 0

2 1 5 8 4 7 1 8 0 3 1 0

B a se
 C o n cre te

1 5 5 4 4 7 1 6 8 3 1 0

W = 1 6 2 + 1 . 5 ( 4 7 -4 3  )
= 1 6 8

C = 3 1 0 ( k g /m 3  )

E xa m p le = R e a d y  M ix e d  C o n cre te  F a cto ry
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W o rk a b ility  Te s t
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( 2  ) C -C o n s ta n t

W /C = 1 6 8 /3 1 0 = 5 4



(468) Trial Mix of Base Concrete in Superplasticized Concrete-13
( 4 6 8  ) T ria l M ix   o f B a se  C o n cre te  in  S u p e rp la s tic iz e d  C on cre te -1 3

                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a se  C o n cre te

S lu m p

( cm  )  
W /C

( %  )  
s/a

( %  )  
W

( kg /m 3 )
C

( kg /m 3 )  
R e m a rks

N o rm a l
 C o n cre te

1 5 5 8 4 3 1 6 2 2 8 0

2 1 5 8 4 7 1 8 0 3 1 0

B a se
 C o n cre te

1 5 5 8 4 7 1 6 8 2 9 0

W = 1 6 2 + 1 .5 ( 4 7 -4 3  ) = 1 6 8
C = C /( W /C  ) = ( 1 6 8 /( 0 . 5 8 ) )
= 2 9 0  ( k g /m 3  )

E xa m p le = R e a d y  M ixe d  C o n cre te  F a cto ry
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( 4  )  C o m p re ss ive  S tre n g th  Te s t
( 5  ) D e n s ity  Te s t



(469) Superplasticized Test in Superplasticized Concrete-14
( 4 6 9  ) S u p e rp la s tic iz e d  Te s t in  S u p e rp la s tic iz e d  C o n cre te -1 4

                             S u p e rp la s tic iz e r

S lu m p  1 5 -2 1 cm

S u p e rp la s tic iz e d  C o n cre te

A E  C o n cre te
S lu m p  8 cm -1 2 cm
A d m ix tu re  :A E  A g e n t

B a se  C o n cre te
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C o n d itio n
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(470) Judgement Workability of Superplasticized Concrete-15
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(471) Production of Superplasticized Concrete-16
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(472) Adjustment Dosage of Superplasticized Concrete-17
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(473) Slump Test of Base Concrete and Superplasticized Concrete-18
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(474) Redosage Superplasticizer of Superplasticized Concrete-19
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(475) Check Points of Design and Specification of Superplasticized Concrete-20

B a tch in g  P la n t
( 4 7 5  ) C h e ck  P o in ts  o f D e s ig n  a n d  S p e cifica tio n  o f S u p e rp la s tic iz e d  C o n cre te -2 0

T re m ie  P ip e

S ite

( 1  ) C o n s tru ctio n  S u m m a ry :  1 -Typ e   2 - S iz e  3 -S itu a tio n  4 -V o lu m e  5 - A cce s s  R o a d
( 2  ) P e rio d :  1 -S e a s  io n  a n d  P e rio d   2 -C u rin g .
( 3  ) D e s ig n  a n d  S p e cifica tio n s  o f B u ild in g  :  1 -D im e n s io n   S itu a tio n    2 -R e b a r S itu a tio n    3 -F in is h in g    4 -C ra ck s
( 4  ) Q u a lity  a n d  G ra d e  o f C o n cre te   1  Q u a lity  a n d  G ra d e    2 -Typ e    3 -S p e cifica tio n
( 5  ) M a te ria l Q u a lity :  1 -A g g re g a te   2 -C e m e n t  3 -W a te r  4 -A d m ix tu re
( 6  ) C o n cre te  P ro d u ctio n  :  1 -M ix  P ro p o rtio n   2 -P la n t  3 -O rd e r fo r C o n cre te  4 -Q u a lity  C o n tro l o f F re s h  C o n cre te  
        5 - T e s t a t U n lo a d in g   6 -C o n cre te C o m p re s s ive  S tre n g th

( 7  ) C o n cre te  T ra n s p o rta tio n  a n d  C o n cre tin g  :  1 -M e th o d  b e tw e e n  M ix in g  S ta rt a n d
        C o n cre te  F in is h in g   2 -T im e  L im it fro m  M ix in g  S ta rt to  F in is h in g   3 -Q u a lity   C h a n g e  fro m  T ra n sp o rta tio n  to  C o n cre tin g
         4 -Te s t a t S ite    5 -Te s t a fte r C o n cre tin g   6 -L im it o f Jo in t C o n cre te

( 8  ) R e m o va l o f F o rm w o rk s  :  1 -S ca ffo ld in g  a n d  B o a rd
( 9  ) C o n cre te  F in is h in g  :    1 -F in is h a b ility
( 1 0  ) C o n cre te  C u rin g  :   1 -C u rin g  M e th o d
( 1 1  ) T e s t a n d  In s p e ctio n  :  1 -M a te ria l 2 - C o n cre te

C h e ck  p o in ts  o f D e s ig n  a n d  S p e cifica tio n



(476) Check Points of Superplasticized Concrete-21
( 4 7 6  ) C h e ck  P o in ts  o f S u p e rp la s tic iz e d  C o n cre te -2 1

B a tch in g  P la n t

T re m ie  P ip e

S ite

( 1  ) B a s ic  P o licy  D e c is io n  o f C o n s tru ctio n  
         1 T o ta l P la n n in g  o f C o n s tru ctio n
         2  C lim a te  a n d  E n v iro m e n t a t S ite
         3  S lu m p  o f B a s e  C o n cre te  a n d  S u p e rp la s tic iz e d  C o n cre te
         4  T yp e  o f H ig h  R a n g e  W a te r R e d u c in g  A g e n t
         5  C o n s tru ctio n  M a n a g in g  S ys te m  

( 2  ) M ix  P ro p o rtio n  P la n n in g
         1  K in d  a n d  Q u a lity  o f M a te ria l
         2  M ix  P ro p o rtio n  o f B a s e  C o n cre te
         3  T rila  M ix  a n d  S u p e rp la s tic iz e d  T e s t
         4  s /a  
         5  C o n cre te  T e m p e ra tu re

( 3  ) S u p e rp la s tic iz e d  C o n cre te
         1  B a tch in g  P la n t
         2  P la n n in g  o f M ix e r T ru ck
         3  M ix e r T ru ck  C a p a c ity
         4  P ro p e r A m o u n t o f S u p e rp la s tic iz e r
         5  Q u a lity  T e s t

C h e ck  p o in ts  o f C o n cre tin g

( 4  ) P u m p  P la n n in g
         1  T yp e  a n d  N u m b e r o f P u m p
         2  P ip e s  o f P u m p
         3  Q u a lity  C o n tro l o f P u m p

( 5  ) C o n cre te in g  P la n n in g
         1  M e e tin g  b e fo re  C o n cre tin g
         2  C o n cre tin g  P la n n in g  a n d  C o n cre tin g  O rd e r
         3  C o n cre tin g  M e th o d
         4  C o n tro l S ys te m  a n d  N u m b e r o f W o rk e r
         5  C o m p a ctio n  P la n n in g
         6  F in is h in g  P la n n in g

( 6  ) C o n cre te  C u rin g  P la n n in g
         1  C u rin g  M e th o d
         2  C u rin g  P e rio d
         3  R e m o va l T im e  F o rm s  a n d  S ca ffo ld in g s

( 7  ) Q u a lity  C o n tro l a n d  In s p e ctio n  P la n n in g
         1  Q u a lity  T e s t



(477) Flow Chart of Superplasticized Concrete-22
( 4 7 7  ) F lo w  C h a rt o f S u p e rp la s tic iz e d  C o n cre te -2 2

B a tch in g  P la n t

T re m ie  P ip e

S ite

( 1  ) B a s ic  P o licy  D e c is io n  o f C o n s tru ctio n  
         1 T o ta l P la n n in g  o f C o n s tru ctio n
         2  C lim a te  a n d  E n v iro m e n t a t S ite
         3  S lu m p  o f B a s e  C o n cre te  a n d  S u p e rp la s tic iz e d  C o n cre te
         4  T yp e  o f H ig h  R a n g e  W a te r R e d u c in g  A g e n t
         5  C o n s tru ctio n  M a n a g in g  S ys te m  

( 2  ) M ix  P ro p o rtio n  P la n n in g
         1  K in d  a n d  Q u a lity  o f M a te ria l
         2  M ix  P ro p o rtio n  o f B a s e  C o n cre te
         3  T rila  M ix  a n d  S u p e rp la s tic iz e d  T e s t
         4  s /a  
         5  C o n cre te  T e m p e ra tu re

( 3  ) S u p e rp la s tic iz e d  C o n cre te
         1  B a tch in g  P la n t
         2  P la n n in g  o f M ix e r T ru ck
         3  M ix e r T ru ck  C a p a c ity
         4  P ro p e r A m o u n t o f S u p e rp la s tic iz e r
         5  Q u a lity  T e s t

C h e ck  p o in ts  o f C o n cre tin g

( 4  ) P u m p  P la n n in g
         1  T yp e  a n d  N u m b e r o f P u m p
         2  P ip e s  o f P u m p
         3  Q u a lity  C o n tro l o f P u m p

( 5  ) C o n cre te in g  P la n n in g
         1  M e e tin g  b e fo re  C o n cre tin g
         2  C o n cre tin g  P la n n in g  a n d  C o n cre tin g  O rd e r
         3  C o n cre tin g  M e th o d
         4  C o n tro l S ys te m  a n d  N u m b e r o f W o rk e r
         5  C o m p a ctio n  P la n n in g
         6  F in is h in g  P la n n in g

( 6  ) C o n cre te  C u rin g  P la n n in g
         1  C u rin g  M e th o d
         2  C u rin g  P e rio d
         3  R e m o va l T im e  F o rm s  a n d  S ca ffo ld in g s

( 7  ) Q u a lity  C o n tro l a n d  In s p e ctio n  P la n n in g
         1  Q u a lity  T e s t

C o n cre tin g  O rd e r

C h e ck  D e s ig n  a n d  S p e c ifica tio n   ( 1  )
 

M ix  P ro p o rtio n  o f B a s e  C o n cre te
      a n d  S u p e rp la s tic iz e d  C o n cre te   ( 2  )

T ria l M ix   a t  L a b o ra to ry   ( 2  )

T ria l M ix  a t B a tch in g  P la n t  ( 2  )

O rd e r S u p e rp la s tic iz e d  C o n cre te

Q u a lity  T e s t a t B a tch in g  P la n t  ( 2  )

T ra n s p o rta tio n

S lu m p  T e s t a t S ite  ( 4  )

U n lo a d in g  ( 4  )

P u m p   ( 4  )

C o n cre tin g  a n d  C o m p a ctio n  ( 5  )

F in is h in g   ( 5  )

C u rin g    ( 6  )

( F lo w  C h a rt o f S u p e rp la s tic iz e d  C o n cre te  )



(478) Order of Base Concrete and Superplasticized Concrete-23
( 4 7 8  ) O rd e r o f B a s e  C o n cre te  a n d   S u p e rp la s tic iz e d  C o n cre te -2 3

B a tch in g  P la n t

T re m ie  P ip e

S ite

( 1  ) S u m m a ry  
         1  C o n s tru ctio n  N a m e  ,  L o ca tio n
         2  Q u a n tity ,C o n cre tin g  D a te
         3  R e p o rt ( M a te ria l Q u a lity  T e s t,M ix  P ro p o rtio n  D o cu m e n t )

( 2  ) C o n cre te  C o n d itio n
         1  C e m e n t T yp e
         2  A g g re g a te  T yp e
         3  A g g re g a te  M a x im u m  D im e n s io n
         4  R e q u ire d  S lu m p  
         5  R e q u ire d  A ir C o n te n t
         6  T a rg e t S lu m p
         7  A d m ix tu re  T yp e
         8  s /a
        

         9  P o z z o la n
       1 0  D e n s ity
       1 1  M a x im u m  o f W /C
       1 2  M in im u m   o f C e m e n t C o n te n t
       1 3  C o n cre te  T e m p e ra tu re

( 3  ) E tic
         1  A llo w a b le  V a lu e  o f S lu m p
         2  Lo a d in g  A m o u n t o f T ru ck  A g ita to r
         3  Q u a lity  T e s t
         4  P la n n in g  o f M ix e r T ru ck  D e liv e ry



(479) Pumping of Superplasticized Concrete-24
( 4 7 9  ) P u m p in g  o f  S u p e rp la s tic iz e d  C o n cre te -2 4

B a tch in g  P la n t

T re m ie  P ip e

S ite

( 1  ) A tte n tio n  o f P u m p in g  
         1  N o  A d d  W a te r
         2  S o ft C o n cre te  ( O ve r S lu m p  ) -W a it
            S e g re g a te d  C o n cre te  b y  W a te r -R e je ct
         3  S lu m p  Lo ss-R e d o sa g e  S u p e rp la s tic iz e r
         4  P u m p in g  V e lo city-P ro p e r P u m p a b ility
         5  P u m p in g -C o n tin u o u s
         6  C h o ck-P re p a re  C e m e n t
                      -D o w n  P u m p in g  V e lo city

( 2  ) Q u a lity  C h a n g e  b y  P u m p in g
         1  P u m p in g  Le n g th  > 1 0 0 m ---S lu m p  Lo ss  in  2 cm

( 3  ) P u m p in g  a n d  P ip e lin e  A rra n g e m e n t
         1  S h o rte s t P ip e lin e
         2  S u p e rp la s tic iz e d  C o n cre te -P ip e  D ia m e te r --o ve r 5  in

( 4  )  P o s itio n  o f P u m p
         1  N e a r C o n cre tin g  S ite
         2  Tw o  P u m p in g  T ru cks

( 3 2 8  ) C o n cre te  P u m p

( a  )  S lu m p ,  8 -1 8 cm .
( b  )  M a x im u m  S iz e  o f C o a rse  A g g re g a te  ,
            b e lo w  4 0 m m .

( c )  R e d u ce  P u m p in g  P ip e  B e n d  
         a s  m u ch  a s  p o ss ib le .
         H o riz o n ta l o r D o w n  D ire ctio n .
         

( d  )   B e fo re  P u m p in g  ,S e n d  M o rta r.
 
 

B e n d
C h o ck

P la s tic

S h e a r
C o lla p se

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p se

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

P u m p a b ility  -o k

P u m p a b ility  -N o  G o o d

S lu m p  Lo ss



(480) Pumping of Superplasticized Concrete-25
( 4 8 0  ) P u m p in g  o f  S u p e rp la s tic iz e d  C o n cre te -2 5

B a tch in g  P la n t

T re m ie  P ip e

S ite

( 1  ) A tte n tio n  o f P u m p in g  
         1  N o  A d d  W a te r
         2  S o ft C o n cre te  ( O ve r S lu m p  ) -W a it
            S e g re g a te d  C o n cre te  b y  W a te r -R e je ct
         3  S lu m p  Lo s s -R e d o s a g e  S u p e rp la s tic iz e r
         4  P u m p in g  V e lo c ity-P ro p e r P u m p a b ility
         5  P u m p in g -C o n tin u o u s
         6  C h o ck -P re p a re  C e m e n t
                      -D o w n  P u m p in g  V e lo c ity

( 2  ) Q u a lity  C h a n g e  b y  P u m p in g
         1  P u m p in g  Le n g th  > 1 0 0 m ---S lu m p  Lo s s  in  2 cm

( 3  ) P u m p in g  a n d  P ip e lin e  A rra n g e m e n t
         1  S h o rte s t P ip e lin e
         2  S u p e rp la s tic iz e d  C o n cre te -P ip e  D ia m e te r --o ve r 5  in

( 4  )  P o s itio n  o f P u m p
         1  N e a r C o n cre tin g  S ite
         2  T w o  P u m p in g  T ru ck s

( 3 2 8  ) C o n cre te  P u m p

( a  )  S lu m p ,  8 -1 8 cm .
( b  )  M a x im u m  S iz e  o f C o a rs e  A g g re g a te  ,
            b e lo w  4 0 m m .

( c  )  R e d u ce  P u m p in g  P ip e  B e n d  
         a s  m u ch  a s  p o s s ib le .
         H o riz o n ta l o r D o w n  D ire ctio n .
         

( d  )   B e fo re  P u m p in g  , S e n d  M o rta r.
 
 

B e n d
C h o ck

P la s tic

S h e a r
C o lla p s e

N o n e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r

 
( 1  )

P la s tic

S a g g in g

E d g e
P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

 
P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p s e

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

P u m p a b ility  -o k

P u m p a b ility  -N o  G o o d

S lu m p  Lo s s

( 1  ) C a u tio n  o f P u m p in g  
         1  C o n cre tin g  S ta rt fro m  Lo n g e s t Lo ca tio n
         2  E n o u g h  C o m p a ctio n  a n d  C o n cre tin g  C o n tin u o u s ly
         3  D ro p p in g  H e ig h t --N o  S e g re g a tio n ,U s e  V e rtica l C h u te
         4  Jo in t C o n cre te  C a re fu lly
         5  A vo id  C o n cre tin g  H o riz o n ta lly
         6  C o n cre te  In te rv a l w ith in  6 0 -9 0  M in u te s
         7  C a re fu l C o n cre tin g  a t n a rro w  Lo ca tio n
         8  N o t D is tu rb  R e in fo rce d  B a r 



(481) Compaction of Superplasticized Concrete-26

( 3 2 5  ) C o n cre tin g

( 1  ) T ra n sp o rtin g

( 2  ) C o n cre tin g

( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g ( 6  )  C u rin g

( 7  )  Ta k in g  O u t F o rm

( 4 8 1  ) C o m p a ctio n  o f  S u p e rp la s tic iz e d  C o n cre te -2 6

B a tch in g  P la n t

T re m ie  P ip e

S ite

C o m p a ctio n  w ith  V ib ra to r

S lu m p  Lo ss

b e lo w  6 0 cm

1 0 cm

4
5

-9
0

c
m

V ib ra to r C e m e n t P a s te

A ir

( 3 3 1  ) C o m p a ctio n  o f C o n cre te

O n e  La ye r b e lo w  4 0 cm
Tw o  La ye r b e lo w  4 0 cm

b
e

lo
w

 4
0

c
m

V ib ra to r

P u ll U p  S lo w ly
V ib ra to r

  
  

1
0

c
m

5 0 cm

Ta ke  O u t B le e d in g  W a te r

V e rtica lly

R e p e a t V ib ra to r
R e d u ce  V o id s  in  C o n cre te



(482) Finishing of Superplasticized Concrete-27

( 4 8 2  ) F in is h in g  o f  S u p e rp la s tic iz e d  C o n cre te -2 7

B a tch in g  P la n t

T re m ie  P ip e

S ite

C o m p a ctio n  w ith  V ib ra to r

S lu m p  Lo ss

b e lo w  6 0 cm

1 0 cm

4
5

-9
0

c
m

V ib ra to r C e m e n t P a s te

A ir

( 3 3 1  ) C o m p a ctio n  o f C o n cre te

O n e  La ye r b e lo w  4 0 cm
Tw o  La ye r b e lo w  4 0 cm

b
e

lo
w

 4
0

c
m

V ib ra to r

P u ll U p  S lo w ly
V ib ra to r

  
  

1
0

c
m

5 0 cm

Ta ke  O u t B le e d in g  W a te r

V e rtica lly

R e p e a t V ib ra to r
R e d u ce  V o id s  in  C o n cre te

( 3 2 5  ) C o n cre tin g

( 1  ) T ra n sp o rtin g

( 2  ) C o n cre tin g
( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g

( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm

T ro w e l
E xp ire  S u rfa ce  C ra cks

Ta m p in g  
w ith in  1  H o u r



(483) Curing of Superplasticized Concrete-28
( 4 8 3  ) C u rin g  o f  S u p e rp la s tic iz e d  C o n cre te -2 8

B a tch in g  P la n t

T re m ie  P ip e

S ite

C o m p a ctio n  w ith  V ib ra to r

S lu m p  Lo ss

b e lo w  6 0 cm

1 0 cm

45
-9

0c
m

V ib ra to r C e m e n t P a s te

A ir

( 3 3 1  ) C o m p a ctio n  o f C o n cre te

O n e  La ye r b e lo w  4 0 cm
Tw o  La ye r b e lo w  4 0 cm

be
lo

w
 4

0 c
m

V ib ra to r

P u ll U p  S lo w ly
V ib ra to r

   
 1

0 c
m

5 0 cm

Ta ke  O u t B le e d in g  W a te r

V e rtica lly

R e p e a t V ib ra to r
R e d u ce  V o id s  in  C o n cre te

( 3 2 5  ) C o n cre tin g

( 1  ) T ra n sp o rtin g

( 2  ) C o n cre tin g
( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g

( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm

T ro w e l
E xp ire  S u rfa ce  C ra cks

Ta m p in g  
w ith in  1  H o u r

( 3 3 4  ) C o n cre te  C u rin gC o n cre te  C u rin g
1  W e t C o n d itio n
2  P ro te ct  fro m  S u n sh in e  ,W in d  a n d  R a in
3  K e e p  P ro p e r Te m p e ra tu re
4  P ro te ct  F ro m  Im p a ct 

C u rin g  D a y
1  N o rm a l P o rtla n d  C e m e n t                 5  d a ys
2  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t      3  d a ys
3  C o ld  W e a th e r C o n cre te                    O ve r 5  d e g re e
                                                           f'c= 5 0 kg f/cm 2
4  H o t W e a th e r C o n cre te                     2 4  h o u rs  ,W e t C o n d itio n , 5 d a ys
5  P a ve m e n t C o n cre te
   N o rm a l P o rtla n d  C e m e n t                1 4  d a ys
   H ig h  E a rly  S tre n g th  C e m e n t             7   d a ys
   M o d e ra te  H e a t P o rtla n d   C e m e n t   2 1  d a ys
6  D a m  C o n cre te
   N o rm a l,M o d e ra te  P o rtla n d  C e m e n t     1 4  d a ys
   B le n d e d  C e m e n t                             2 1  d a ys1 1

( 3 7  ) H a rd e n e d  C o n cre te    C u rin g

A g e  a t te s t, d a ysC
om

pr
es

si
ve

 S
tr

en
gt

h 
 M

pa

M o is t-cu re d  e n tire  tim e

in  a ir a fte r 2 8  d a ys  m o is t cu rin g

C o n cre te  s tre n g th  in cre a se  w ith  a g e s  
a s  lo n g  a s  m o is tu re  a n d  a  fa vo ra b le  te m p e ra tu re

C a u se s
1  S u n sh in e -
2  F re e z in g
3  Lo a d in g
4  V ib ra tio n  a n d
         Im p a ctio n

C u rin g  M e th o d
1  W a te r S p ra y
2  S e a t C u rin g
 ( A vo id  S u n sh in e
    ,C o ld  W in d  a n d  
    W in d  )

R e m a rks
C u rin g  D a y
2 -3  D a ys

N o rm a l

 F re e z in g

In itia l C u rin g
S tre n g th :
     3 5 -5 0 kg /cm 2

C o ld

 D ryH o t
 1  W e t C u rin g
 2  S e a t C u rin g
    :M e m b ra n e  
      C u rin g

 K e e p  W e t C u rin g



(484) Concreting  of Superplasticized Concrete-29
( 4 8 4  ) C o n cre tin g  o f  S u p e rp la s tic iz e d  C o n cre te -2 9

C o m p a ctio n  w ith  V ib ra to r

b e lo w  6 0 cm

1 0 cm45
-9

0c
m

V ib ra to r C e m e n t P a s te

A ir

( 3 3 1  ) C o m p a ctio n  o f C o n cre te

O n e  L a ye r b e lo w  4 0 cm
T w o  L a ye r b e lo w  4 0 cm

be
lo

w
 4

0c
m V ib ra to r

P u ll U p  S lo w ly
V ib ra to r

   
 1

0c
m

5 0 cmT a k e  O u t B le e d in g  W a te r

V e rtica lly

R e p e a t V ib ra to r
R e d u ce  V o id s  in  C o n cre te

( 3 2 5  ) C o n cre tin g

( 1  ) T ra n s p o rtin g

( 2  ) C o n cre tin g
( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g

( 6  )  C u rin g

( 7  )  T a k in g  O u t F o rm

( T a m p in g  a fte r F in is h in g
     in  H o u r )
P a ra p e t

F lo o r

F in is h in g  o n  S a m e  T im e

R e -b a r( R e -A s s e m b lin g
d u rin g  C o n cre tin g  )



(485) Production Control of Superplasticized Concrete-30

P la s tic

S h e a r
C o lla p se

N on e  P la s tic
S e g re g a tio n

A g g re g a te

S a g g in g

E d g e

 
P ro p e r C o n te n t  A d m ix tu re

 
P ro p e r  W a te r
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N on e  P la s tic
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P u m p a b ility  -N o  G ood

S lu m p  Lo ss

W a te r S u rfa ce
 o fA g g re g a te

 D iffe re n ce   

S tre n g thS lu m p

F in e  A g g re g a te ( + -1 %  )

C o a rse  A g g re g a te ( + -1 %  )

+ -( 3 -4  ) %

+ -( 1 -2  ) %

-+ ( 6 -8  ) %

-+ ( 2 -4  ) %

W a te r S u rfa ce   
o fA g g re g a te -C on tro l

W a sh e d  W a te r  C h e ck

B a se  C o n cre te
-S lu m p  C o n tro l 
-Im p o rta n t

Tre m ie  P ip e

S ite

( 4 8 5  ) P ro d u ctio n  C o n tro l o f  S u p e rp la s ticiz e d  C on cre te -3 0

( 3 2 5  ) C o n cre tin g

( 1  ) T ra n sp o rtin g

( 2  ) C o n cre tin g
( 3  )  C o m p a ctin g

( 4  )  Jo in t
( 5  )  F in is h in g

( 6  )  C u rin g

( 7  )  Ta k in g  O u t F o rm

B a tch in g  P la n t



(486) Base Concrete Control of Superplasticized Concrete-31
( 4 8 6  ) B a se  C o n cre te  C o n tro l o f  S u p e rp la s tic iz e d  C o n cre te -3 1
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P le n ty   W a te r

E d g e

S lu m p = 8 -1 2 cmS lu m p = 8 -1 2 cm

P la s tic

S a g g in g

E d g e

S lu m p = 1 8 -1 5 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

 
( 2  )

S a g g in g

E d g eP la s tic

S lu m p = 2 1 cm

N o  S h e a r
N o  C o lla p se

 P la s tic
N o  S e g re g a tio n

E d g e

C e m e n tp a s te

N o n e  P la s tic
S e g re g a tio n

W a te r

N o n e  P la s tic

P u m p a b ility  -o k

P u m p a b ility  -N o  G o o d

( 4 7 1  ) P ro d u ctio n  o f S u p e rp la s tic iz e d  C o n cre te -1 6

B a tch in g  P la n t

S itu a tio n  o f  S u p e rp la s tic ic iz e r D o s a g e

S ite

1

2

3

4

B a tch in g  P la n t

M ix e r T ru ck  a t B a tch in g  P la n t

D o sa g e  in to  M ix e r T ru ck  a t B a tch in g  P la n t, th e n  R e m ix in g  a t S ite

M ix e r T ru ck  a t S ite

1

2
3

4

S lu m p  Te s t o r C h e ck  
C o n s is te n cy  o f B a se  C o n cre te
b e fo re  D o s a g e  S u p e rp la s itic iz e r

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

B a se  C o n cre te S u p e rp la s tic iz e d  C o n cre te

S u p e rp la s tic iz e r



(487) Quality Control of Superplasticized Concrete-32
( 4 8 7  ) Q u a lity  C o n tro l o f  S u p e rp la s ticiz e d  C on cre te -3 2

A fte r D o sa g e  S u p e rp la s iciz e r

B a tch in g  P la n t
W o rka b ility

S lu m p

F low

A irS ite

C o m p re ss ive  S tre n g th

F re q u e n cy A llow a n ce

B e fo re  C on cre tin g

W o rka b ility

S lu m p

F low

A ir

C o m p re ss ive  S tre n g th

F re q u e n cy A llow a n ce



(488) Purpose of Superplasticized Concrete-33
( 4 8 8  ) Q u a lity  C on tro l o f  S u p e rp la s ticiz e d  C on cre te -3 3

B a tch in g  P la n t

S ite

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

B a se  C o n cre te S u p e rp la s ticiz e d  C on cre te

S u p e rp la s ticiz e r

Q u a lity  ---N o  C h a n g e
C om p re ss ive  S tre n g th ---S a m e
W o rka b ility ,P u m p a b ility----Im p ro ve  

P u rp o se
1  W a te r-------------------------------R e d u ce
2  W /C ---------------------------------R e d u ce
3  C e m e n t----------------------------R e d u ce
4  W o rka b ility  P u m p a b ility--------Im p ro ve
5  W a te rtig h tn e ss  D u ra b ility------Im p ro ve
6  C o m p re ss ive  S tre n g th ----------Im p ro ve



(489) High Compressive Strength Concrete by Superplasticized Concrete-34
( 4 8 9  ) H ig h  C o m p re ss ive  S tre n g th  C o n cre te  b y  S u p e rp la s tic iz e d  C o n cre te -3 4

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

B a se  C o n cre te S u p e rp la s tic iz e d  C o n cre te

S u p e rp la s tic iz e r

Q u a lity  ---N o  C h a n g e
C o m p re ss ive  S tre n g th ---S a m e
W o rka b ility ,P u m p a b ility----Im p ro ve  

C
o

m
p

re
ss

iv
e

 S
tr

e
n

g
th

C /W

W /C

H ig h  C o m p re ss ive  S tre n g th  C o n cre te

W /C ------R e d u ce
C e m e n t-In cre a se

D ry in g   S h rin ka g e
H yd ra u lic H e a t

C ra cks

S u p e rp la s tic iz e d  C o n cre te

W a te r-----R e d u ce
C e m e n t---D e cre a se

D ry in g   S h rin ka g e
H yd ra u lic H e a t

D o w n

C ra cksL ittle

1  S lu m p -----b e lo w  1 5  cm
2  W /C -------b e lo w  5 5 %
3  C e m e n t C o n te n t
      N o rm a l C o n cre te
             2 7 0 -4 5 0 kg /m 3
      L ig h t W e ig h t C o n cre te
             3 0 0 -4 5 0 kg /m 3
JA S S  5



(490) Mass Concrete by Superplasticized Concrete-35

( 4 9 0  ) M a ss  C on cre te  b y S u p e rp la s tic iz e d  C on cre te -3 5

S a g g in g

S lu m p = 8 -1 2 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

S u p e rp la s tic iz e d  C on cre te

S u p e rp la s ticiz e r

Q u a lity  ---N o  C h a n g e
C om p re ss ive  S tre n g th ---S a m e
W o rka b ility ,P u m p a b ility----Im p ro ve  

M a ss  C on cre te
    B ig  S e ctio n
    B ig  C on cre tin g
    In te rn a l Te m p e ra tu re ----In cre a se
    Te m p e ra tu re  D iffe re n ce  -------B ig
                                             C ra cks  
    C e m e n t -1 0 kg /m 3 ----1  d e g re e --In cre a se
    S u p e rp la s ticiz e r---1 0 %  W a te r-D e cre a se



(491) Prestressed Concrete by Superplasticized Concrete-36

( 4 9 1  ) P re s tre s se d  C o n cre te  b y  S u p e rp la s tic iz e d  C o n cre te -3 6

P la s tic

S a g g in g

S lu m p = 8 -1 2 cm

E d g e
P la s tic

S a g g in g

E d g e

S lu m p = 2 0 cm

B a se  C o n cre te S u p e rp la s tic iz e d  C o n cre te

S u p e rp la s tic iz e r

Q u a lity  ---N o  C h a n g e
C o m p re s s ive  S tre n g th ---S a m e
W o rka b ility ,P u m p a b ility----Im p ro ve  

D e s ig n e d  S tre n g th ----P re te n s io n in g  ----o ve r 3 5 0 kg /cm 2
                                  P o s t-te n s io n in g ----o ve r 3 0 0 kg /cm 2



(492) Examples of Superplasticized Concrete(Base Concrete-AE Concrete)Case of Japan

No Purpose of Superplasticizer Design 
Strength

Slump(B
ase 

Concret
e)

Slump 
by 

Superpl
asticizer

sand 
percenta

ge
Water Cement

water 
cement 

ratio

Base 
Concret

e 
Admixtur

Superpla
sticizer Remarks

(SL) (SL) s/a W OPC W/C
(N/mm2) cm cm (%) (Kg/m3) (Kg/m3) (%) C*(  %)

Base 
concrete 

-AE 
Concret

e

1 W/c-decrease, workability-improve 21 12 22 49 179 320 56 AE Ajent Superplasti
cizer

2 Pumpability-Improve 23 19 23 50 191 398 48 AE Ajent Superplasti
cizer

3 Dry shrinkage, Cracks-Decrease 21 12 21 45 178 307 58 AE Ajent Superplasti
cizer

4 W/c-decrease, workability-improve 21 13 22 42 147 283 52 AE Ajent Superplasti
cizer

5 Dry shrinkage, Cracks-Decrease 21 12 21 45 156 285 55 AE Ajent Superplasti
cizer

6 Pumpability-Improve 30 8 16 40 153 340 45 AE Ajent Superplasti
cizer

7 Dry shrinkage, Cracks-Decrease 24 12 21 45 155 300 52 AE Ajent Superplasti
cizer

8 Dry shrinkage, Cracks-Decrease 21 12 18 47 160 276 58 AE Ajent Superplasti
cizer

9 Recovery Slump Loss 21 16 18 43 169 311 54 AE Ajent Superplasti
cizer

10 Workability-improve 21 15 18 46 174 348 50 AE Ajent Superplasti
cizer

11 Hyration Heat-Decrease,Protection Cracks 24 8 18 48 166 281 59 AE Ajent Superplasti
cizer

12 Bleeding-Decrease,Protect Cracks 21 12 21 47 168 307 55 AE Ajent Superplasti
cizer

13 Bleeding-Decrease,Protect Cracks 21 12 21 46 163 304 54 AE Ajent Superplasti
cizer

14 Protect Cracks 21 15 21 48 188 355 53 AE Ajent Superplasti
cizer

15 Bleeding-Decrease 26 15 21 44 172 380 45 AE Water Reducing AjentSuperplasti
cizer

16 Protect Cracks,Workability-Improve 21 12 21 44 162 304 53 AE Water Reducing AjentSuperplasti
cizer

17 Hyration Heat-Decrease,Protection Cracks 24 12 21 44 161 326 49 AE Ajent Superplasti
cizer

18 Protect Cracks,Workability-Improve 30 12 21 46 187 390 48 AE Water Reducing AjentSuperplasti
cizer

19 Protect Cracks,Workability-Improve 27 15 19 44 183 359 51 AE Water Reducing AjentSuperplasti
cizer

20 Protect Cracks,Workability-Improve 27 12 19 43 170 340 50 AE Water Reducing AjentSuperplasti
cizer

21 Pumpability-Improve,W-Decrease 21 18 21 52 178 349 51 AE Ajent Superplasti
cizer

22 Protect Cracks,Workability-Improve 23 15 21 45 166 335 50 AE Water Reducing AjentSuperplasti
cizer

23 Protect Cracks,Workability-Improve 27 12 20 46 180 328 55 AE Ajent Superplasti
cizer

24 Workability-Improve 21 15 18 45 190 333 57 AE Ajent Superplasti
cizer

25 Workability-Improve 21 15 21 47 161 275 59 AE Water Reducing AjentSuperplasti
cizer

26 Workability-Improve 27 14 21 48 181 348 52 AE Water Reducing AjentSuperplasti
cizer

27 Protect Cracks,Workability-Improve 21 15 21 46 163 281 58 AE Water Reducing AjentSuperplasti
cizer

28 Protect Cracks,Workability-Improve 35 12 18 39 178 434 41 AE Water Reducing AjentSuperplasti
cizer

29 Workability-Improve 35 15 21 48 185 456 41 AE Ajent Superplasti
cizer

30 Protect Cracks,Workability-Improve 21 15 21 47 161 284 57 AE Water Reducing AjentSuperplasti
cizer

31 Water Content-Decrease 21 18 21 46 173 298 58 AE Water Reducing AjentSuperplasti
cizer

32 Pumpability-Improve,W-Decrease 40 6 12 36 148 436 34 AE Water Reducing AjentSuperplasti
cizer

33 Workability-Improve 41 12 18 38 157 443 35 AE Water Reducing AjentSuperplasti
cizer

34 Protect Cracks,Workability-Improve 26 15 20 46 185 370 50 AE Ajent Superplasti
cizer

35 Protect Cracks,Workability-Improve 21 15 18 49 185 300 62 AE Ajent Superplasti
cizer

36 Protect Cracks,Workability-Improve 37 12 21 46 180 383 47 AE Ajent Superplasti
cizer



(493) Examples of Superplasticized Concrete(Base Concrete-AE Concrete)

No Purpose of Superplasticizer
Design 
Strengt

h

Slump(
Base 

Concret
e)

Slump 
by 

Superpl
asticize

r

sand 
percent

age
Water Cement

Air 
Content

(%)

water 
cement 

ratio
Sand Aggreg

ate

Base 
Concret

e 
Admixt

ure

Superpl
asticizer Remarks

(SL) (SL) s/a W OPC a W/C s G
(N/mm2) cm cm (%) (Kg/m3) (Kg/m3) (%) (%) (Kg/m3) (Kg/m3) C*(  %)

37 Protect Cracks,Workability-Improve 23 18 22 46 171 294 4 59 C*(0.25%)C*(0.4%)

Base 
concret
e -AE 

Concret
e

38 Protect Cracks,Workability-Improve 23 18 22 46 174 308 4 57 C*(0.25%)C*(0.4%)

39 Workability-Improve 21 12 49 179 320 4 56 C*(0.2%)

40 Mass Concrete 21 12 18 46 151 256 58 892 1057 C*(1.0%)C*(1.0%)

41 Workability-Improve 21 12 21 49 179 320 4 56 866 939 C*(0.36%)C*(0.6%)

42 Workability-Improve,Water Tightness 15 21 47 166 335 4 50 864 988 C*(0.25%)



(494) Cement in Superplasticized Cpncrete

( 4 5 5  ) C e m e n t in  S u p e rp la s tic iz e d  C o n cre te -1

( 1 1 9  ) C o n cre te  M a te ria l(  1   )
C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z z o la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A s h  C e m e n t )
S p e c ia l C e m e n t -( A lu m in a  C e m e n t,U ltra  R a p id  
                             H a rd in g  C e m e n t  )               
S u lfa te  R e s is tin g  P o rtla n d  C e m e n t
M o d e ra te  H e a t P o rtla n d  C e m e n t
U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

E ffe ct o f S u p e rp la s tic iz e r

 S
lu

m
p

 (
c
m

 )

 b e fo re  D o s a g e
 a fte r D o s a g e

C e m e n t
B le n d e d  C e m e n t-( B la s t-F u rn a n ce  S la g  C e m e n t,
                             P o rtla n d  P o z z o la n  C e m e n t,S ilica  
                             C e m e n t, F ly  A s h  C e m e n t )
             
M o d e ra te  H e a t P o rtla n d  C e m e n t
H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t
O rd in a ry  P o rtla n d  C e m e n t

U ltra  H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t

A ir C o n te n t
O rd in a ry  P o rtla n d  C e m e n t A ir C o n te n t N o  C h a n g e

O th e r C o n cre te A ir C o n te n t in  1  %  D e cre a s e

tim e  ( m in u te s  )

E ffe ct o f S u p e rp la s tic iz e r

 S
lu

m
p

 (
c
m

 )

5

1 0

1 5

2 0

3 0 6 0 9 0

S u lfa te  R e s is tin g  P o rtla n d  C e m e n t( typ e -v  )

O rd in a ry  P o rtla n d  C e m e n t ( typ e -I )

H ig h  E a rly  S tre n g th  P o rtla n d  C e m e n t ( typ e -II I  )

C 3 A -a  little

( 4 9 4  ) C e m e n t in  S u p e rp la s tic iz e d  C o n cre te



(495) Judgement of Concrete Condition by Slump Shape (1)

P la s tic

S a g g in g

E d g e

( 4 9 5  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 1  )

P la s tic
W o rk a b le
S o ft C o n cre te

S lu m p  M e a su rin g  P o in t  ( ce n te r o f F lo w  )

O ve rP la s tic H a rd  C o n cre te

F lo w

( G o o d  )

F ig -1 F ig -2 F ig -3



(496) Judgement of Concrete Condition by Slump Shape  (2)

( 4 9 6  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 2  )

S u p e rp la s tic iz e d  
C o n cre te

S lu m p  M e a su rin g  P o in t  
( C e n te r o f F lo w  )

S lu m p  ( 1 2 -1 5 cm  )
O ve r P la s tic
s /a ---R e d u ce

F lo w

( G o o d  )

A tte n tio n

F ig -5F ig -4

F ig -6



(497)  Judgement of Concrete Condition by Slump Test (3)

( 4 9 7  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 3  )

S lu m p  M e a su rin g  P o in t  
( ce n te r o f F lo w  )

( R e p e a t S lu m p  Te s t )

O
v
e

r 
3

 c
m

C e n te r o f F lo wC e n te r o f C o n e

O ve r 5  cm

C e n te r o f F lo wC e n te r o f C o n e

S e g re g a tio n  in  C o n cre tin g

O ve r 5  cm

C e n te r o f F lo wC e n te r o f C o n e

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

C ra cks  
C o lla p se

E xce p t S u p e rp la s tic iz e d  C o n cre te

( N o t P la s tic 
N o t W o rka b le  a fte r R e p e a t S lu m p  Te s t )

F ig -7 F ig -8 F ig -9 F ig -1 0



(498)  Judgement of Concrete Condition by Slump Test (4)

O
v

e
r 

3
 c

m

C e n te r o f F lowC e n te r o f C o n e

O ve r 5  cm

C e n te r o f F lowC e n te r o f C o n e

S e g re g a tio n  in  C o n cre tin g

O ve r 5  cm

C e n te r o f F lo wC e n te r o f C o n e

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

C ra cks  
C o lla p se

E xce p t S u p e rp la s tic iz e d  C on cre te

( N o t P la s tic 
N o t W o rk a b le  a fte r R e p e a t S lu m p  Te s t )

F ig -7 F ig -8 F ig -9 F ig -1 0

S ig n Ite m C o n cre te  C o n d itio n F ig

N N o rm a l P la s tic W o rka b le 1 , 2 , 3 , 4 , 5

P O ve r P la s tic H ig h  A d h e s io n       O ve r p la s tic 2 , 5

S S e g re g a tio n 7 , 8 , 9

F F a ll D ow n 8 , 9

C C ra ck 1 0

I I In c lin e 7

U U  n  S ym m e try C e n te r D iffe re n ce  C on e  a n d  F lo w 8 , 9

S e g re g a tio n

F a ll D o w n

C ra ck

IIn c lin e

( 4 9 7  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 3  )

S lu m p  M e a su rin g  P o in t  
( ce n te r o f F lo w  )

( R e p e a t S lu m p  Te s t )

( 4 9 8  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 4  )

P la s tic

S a g g in g

E d g e

( 4 9 5  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 1  )

P la s tic
W o rka b le
S o ft C o n cre te

S lu m p  M e a su rin g  P o in t  ( ce n te r o f F lo w  )

O ve rP la s tic H a rd  C o n cre te

F low

( G o o d  )

F ig -1 F ig -2 F ig -3

( 4 9 6  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 2  )

S u p e rp la s tic iz e d  
C o n cre te

S lu m p  M e a su rin g  P o in t  
( C e n te r o f F low  )

S lu m p  ( 1 2 -1 5 cm  )
O ve r P la s tic
s /a ---R e d u ce

F lo w

( G o o d  )

A tte n tio n

F ig -4 F ig -5 F ig -6



(499)  Judgement of Concrete Condition by Slump Test (5)
( 4 9 9  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 5  )

( 4 9 5  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 1  )

P la s tic
W o rk a b le
S o ft C o n cre te

O ve rP la s tic H a rd  C o n cre te

F lo w

( G o o d  )

F ig -1 F ig -2 F ig -3

( 4 9 6  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 2  )

S u p e rp la s tic iz e d  
C o n cre te

S lu m p  ( 1 2 -1 5 cm  )
O ve r P la s tic
s /a ---R e d u ce

F lo w

A tte n tio n

F ig -4 F ig -5 F ig -6

( 4 9 7  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 3  )

( R e p e a t S lu m p  Te s t )

O
v
e

r 
3

 c
m O ve r 5  cm

S e g re g a tio n  in  C o n cre tin g

O ve r 5  cm

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

C ra ck s  
C o lla p se

E xce p t S u p e rp la s tic iz e d  C o n cre te

( N o t P la s tic 
N o t W o rk a b le  a fte r R e p e a t S lu m p  Te s t )

F ig -7 F ig -8 F ig -9 F ig -1 0

S ig n Ite m C o n cre te  C o n d itio n F ig

N N o rm a l P la s tic  W o rk a b le 1 , 2 , 3 , 4 , 5

P O ve r P la s tic H ig h  A d h e s io n       O ve r p la s tic 2 , 5

S S e g re g a tio n 7 , 8 , 9

F F a ll D o w n 8 ,9

C C ra ck 1 0

I I In c lin e 7

U U  n  S ym m e try C e n te r D iffe re n ce  C o n e  a n d  F lo w 8 ,9

S e g re g a tio n

F a ll D o w n

C ra ck

I In c lin e

( G o o d  )

W itn e s s  a n d  Ju d g e m e n t
( 1  ) S lu m p  S h a p e
( 2  ) T o p  S h a p e
( 3  ) F lo w  o r S p re a d
( 5  ) A g g re g a te  C o n d itio n

G o d  Lo o k  a t Y o u

I  W ill N e ve r 
T e ll a  L ie



(500)  Judgement of Concrete Condition by Slump Test (6)

( 5 0 0  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 6  )

( 4 9 5  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 1  )

P la s tic
W o rka b le
S o ft C o n cre te

O ve rP la s tic H a rd  C o n cre te

F lo w

( G o o d  )

F ig -1 F ig -2 F ig -3

( 4 9 6  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 2  )

S u p e rp la s tic iz e d  
C o n cre te

S lu m p  ( 1 2 -1 5 cm  )
O ve r P la s tic
s /a ---R e d u ce

F lo w

A tte n tio n

F ig -4 F ig -5 F ig -6

( 4 9 7  ) Ju d g e m e n t o f C o n cre te  C o n d ititio n   b y  S lu m p  S h a p e  ( 3  )

( R e p e a t S lu m p  Te s t )

O
v
e

r 
3

 c
m O ve r 5  cm

S e g re g a tio n  in  C o n cre tin g

O ve r 5  cm

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

H o n e yco m b  o r C o ld  Jo in t

S e g re g a tio n  in  C o n cre tin g

C ra ck s  
C o lla p se

E xce p t S u p e rp la s tic iz e d  C o n cre te

( N o t P la s tic 

N o t W o rka b le  a fte r R e p e a t S lu m p  Te s t )

F ig -7 F ig -8 F ig -9 F ig -1 0

S ig n Ite m C o n cre te  C o n d itio n F ig

N N o rm a l P la s tic W o rka b le 1 , 2 , 3 , 4 , 5

P O ve r P la s tic H ig h  A d h e s io n       O ve r p la s tic 2 , 5

S S e g re g a tio n 7 , 8 , 9

F F a ll D o w n 8 ,9

C C ra ck 1 0

I I In c lin e 7

U U  n  S ym m e try C e n te r D iffe re n ce  C o n e  a n d  F lo w 8 ,9

S e g re g a tio n

F a ll D o w n

C ra ck

IIn c lin e

( G o o d  )

W itn e s s  a n d  Ju d g e m e n t
( 1  ) S lu m p  S h a p e
( 2  ) T o p  S h a p e
( 3  ) F lo w  o r S p re a d
( 5  ) A g g re g a te  C o n d itio n

G ra d in g  o f A g g re g a te
              -S e g re g a tio n
1 0 -5 m m ---a  L ittle  

G ra d in g  o f A g g re g a te         
5 -2 . 5 m m ---To o  M u ch  

W a te r---In cre a se -----Im p ro ve   S lu m p ----N o t G e t W o rk a b ility

G ra d in g  o f A g g re g a te         
s /a -----In cre a se ----La rg e  F lo w ----
 -------W a te r In cre a se

N o t G o o d  C o n cre te
Lo o k  S h a p e  a n d  F lo w


